


New High Speed Linear Products 

AMPLIFIERS 

(Page 2-627) (Page 2-659) 

• UNITY GAIN BANDWIDTH ..•........•..•.. 850MHz • UNITY GAIN BANDWIDTH ...•...••.......•. 850MHz 

• HIGH SLEW RATE ....•...•.••..•..••..• 2300VlIlS • HIGH SLEW RATE ....•••.••....••....•.. 2300Vll1s 

• GAIN FLATNESS TO 100MHz ..•..•........• 0.14dB • GAIN FLATNESS TO 100MHz ..........•..... 0.14dB 

• FAST SETTLING TIME (0.1%) ..••••.••...•.•.. 11ns • DIFFERENTIAL PHASE/GAIN ......•.... . 0.05%.03% 

• DIFFERENTIAL PHASE/GAIN ....••..... 0.05%.03% • OVERDRIVE RECOVERY .......••.•..•..•.... <1ns 

• OFFSET ADJUST (HFA1120) 

(Page 2-637) (HFA1112 Page 2-646, HFA1113 Page 2-651) 

• UNITY GAIN BANDWIDTH .•..••..••.•..... 750MHz • UNITY GAIN BANDWIDTH ....••.......•.... 850MHz 

• HIGH SLEW RATE ....•...•..•...•.•.... 1300VlIlS • HIGH SLEW RATE (Po" = +2) ..........•.... 2050VlIlS 

• FAST SETTLING TIME (0.1 %) . • • . . . . . • . . . . • • . • 11 ns • DIFFERENTIAL PHASElGAIN ••......... . 0.04°/0.02% 

• DIFFERENTIAL PHASE/GAIN .••....... 0.025%.04% • USER PROGRAMMABLE FOR CLOSED LOOP GAINS OF 

• HIGH OUTPUT CURRENT .....•.....•....... 60mA +2, +1, OR -1 WITHOUT USE OF EXTERNAL RESISTORS 

• STANDARD BUFFER PINOUT • STANDARD OPERATIONAL AMPLIFIER PINOUT 

• OUTPUT CLAMP (HFA1113) 

(Page 2-636) (Page 2-457) 

• UNITY GAIN BANDWIDTH .•••.•.••••••.••• 350MHz • UNITY GAIN BANDWIDTH ...••.••.......... 1 OOMHz 

• HIGH SLEW RATE •....••.••.•.••••••••. 1500VlIlS • DIFFERENTIAL GAIN ..•.•..••.••.•....•..• <0.02% 

• DIFFERENTIAL PHASE/GAIN ..•...••.•• 0.03°/0.03% • DIFFERENTIAL PHASE ......•....•......... <0.03° 

• LOW SUPPLY CURRENT •...••••...•..•...... 6mA • SLEW RATE .....••.•..••.••.•..•........ 800V/I1S 

• OUTPUT ENABLElDISABLE (HFA1145) • GAIN FLATNESS (SMHz) ..................... 0.1dB 

• OUTPUT CLAMP (HFA1135) 

(HA5022I24 Page 2-468, HA5023f25 Page 2-469) (HA5022124 Page 2-468, HA5023f25 Page 2-469) 

• UNITY GAIN BANDWIDTH ••••.•••••..••••• 100MHz • UNITY GAIN BANDWIDTH ....•..••..•..•..• 100MHz 

• DIFFERENTIAL PHASElGAIN •.••...•... 0.03%.02% • DIFFERENTIAL PHASE/GAIN .•.....••.. . 0.03°/0.020/0 

• HIGH SLEW RATE . • • . . • . • • . • . • . . . . . . . • .• 800VlIlS • HIGH SLEW RATE ..•....•..•...•.•......• 800VlIlS 

• WIDE SUPPLY RANGE ••••.•.••.•••.•...• ±5V to ±15V • WIDE SUPPLY RANGE •..•..•....•••.••.• ±5V to ±15V 

• LOW SUPPLY CURRENT ...•....•••.•... 7.5mAlAmp • LOW SUPPLY CURRENT .••..•..••••••• 7.5mAlAmp 

• OUTPUT ENABLElDISABLE (HA5022) • OUTPUT ENABLElDISABLE (HA5024) 



New High Speed Linear Products (Continued) 

AMPLIRERS 

(Page 2-4(8) (Page 2-417) 

• HIGH SLEW RATE •••••••••.••••.••••••.• 240VlI'8 • HIGH SLEW RATE ••••••••.•..•••.•.•..••• 400VlIJ.S 

• UNITY GAIN BANDWIDTH •.••.•••..•••••..• SOMHz • GAIN BANDWIDTH PRODUCT .•.•..•.•..•••. BOMHz 

• LOW OFFSET VOLTAGE •...•..•....••••..••. 1mV • HIGH OUTPUT CURRENT •..••..•.•••••.••.• ±100mA 

• DIFFERENTIAL GAlNJPHASE •..••.•••.• 0.03010.03% • DIFFERENTIAL GAIN/PHASE •....••.•.. . 0.030/0.02% 

• LOWSUPPLYCURRENT ••.••.•..•.••.•....• 10mA • LOWOFFSETVOLTAGE .••••.•.••••.••.•.•.•• 1mV 

(HA·28311 Page 2-3112, HA·2840 Page 2-400) (Page 2-426) 

• HIGH SLEW RATE ••...•.••...•••..•...•. 625V11'8 • LOW SUPPLY CURRENT •..•..•..•.•.. 8.OmA (max) 

• WIDE GAIN BANDWIDTH ..•.....•• ' .•...•.. BOOMHz • HIGH SLEW RATE •.•.•..•••.•.•.••.••..•• 340VlI'8 

• DIFFERENTIAL PHASEIGAIN ...••••..•. 0.030/0.03% • WIDE GAIN BANDWIDTH ••.•.•.....••.•.•. 470MHz 

• LOW OFFSET VOLTAGE •.•.....••.•.••.•.•• 0.6mV • DIFFERENTIAL GAlNJPHASE •..•.•••••• . 0.040/0.04% 

• FULL POWER BANDWIDTH ......• .' .•.•.•..• 10MHz • LOW OFFSET VOLTAGE .•..•.•••••.•..••.•. 0.6mV 

(Page 2-5113) 

• LOW OFFSET VOLTAGE ••.....••.•.•.. 200IlV (max) 

• LOW OFFSET DRIFT •...•.....••.•••...... 21lVJDC 

• LOW SUPPLY CURRENT •••...•••.•.•.. <0.7mAlAmp 

• PIN TO PIN cOMPATIBLE TO OP200, OP400 

• DUAL (HA5232), QUAD (HA5234) 

MULTI-CHANNEL AMPLIFIERS 

(Pa98 7-54) (Page 2-287) 

• 5 MULTIPLEX VIDEO CHANNELS • UNITY GAIN BANDWIDTH •••...•..•.••.••••. 45MHz 
• 1 Independent Channel • DIFFERENTIAL GAIN ...•..•..•..•..•....•.• 0.03% 
• 4 Channels With Enable 

• UNITY GAIN BANDWIDTH .••.•.•.•.••••••.• 25MHz 
• DIFFERENTIAL PHASE .••.•••.••....••.••.•. 0.030 

• PROGRAMMABLE VIDEO AMPUFIER GAIN 
• GAIN FLATNESS TO 10MHz •.••.•••••.••.•.•. 0.1dB 

• HIGH SIGNAL DRIVE CAPABIUTY 
• CROSSTALK REJECTION •.•...•.•..•....•..• SOdB 

• FAST CHANNEL SELECTION .•..•.••....•..•.. SOns 

Ii 



New High Speed Linear Products (Continued) 

ANALOG MULTIPLIERS SAMPLE AND HOLD AMPLIFIERS 

(HA2558 Page 7-97, HA2557 Page 7·101) (HA5350f51 Page 4-31, HA5352 Page 4-36) 

• LOW MULTIPICATION ERROR •....•.........• 1.5% • ACQUISITION TIME ............•......•...•.. 50ns 

• LOW INPUT BIAS CURRENT ....•..•........... 51JA (2.5V STEP TO 1 mV) 

• WIDE BANDWIDTH (HA2556) ............. 30M Hz • DROOP RATE ............••...•..•.•. 1mVl~s (typ) 

(HA2557) •...•....... 100MHz • UNITY GAIN BANDWIDTH ............•. 20MHz (min) 

• VOLTAGE OUTPUT (HA2556) • DUAL VERSION (HA5352) 

• CURRENT OUTPUT (HA2557) • SINGLE VERSION (HA5350) 

CRYSTAL OSCILLATOR COMPARATORS 

(Page 7-104) (Page 3-33) 

• PROGRAMMABLE 10kHz to 1 OM Hz OPERATION • LOW PROPAGATION DELAY .............. 2.0I2.1ns 

• LOW SUPPLY CURRENT .............. 51JA at 32kHz • LOW OFFSET VOLTAGE ........•......•.•.... 1mV 

1301JA at 1 MHz • WIDE COMMON MODE RANGE ..•........ +5.21-2.8V 

• 2.0VDC TO 7.0VDC OPERATION 

• DRIVES 2 CMOS LOADS 

TRANSISTOR ARRAYS 

(Page 6-70) 

• NPN TRANSISTOR (Ft). . . . . . . . . . . . . . . . . • . . .. SGHz 

• PNP TRANSISTOR (Ft) .......•.••..•...•... 5.OOHz 

• HFA3127 ..............•...•.........•.. (5) NPNs 
HFA3128 ....................••...•...•• (5) PNPs 
HFA3046 ................•... (3) NPNs and Diff Pair 
HFA3096 . . . . . . . . . . . . . . . . . • . . • . (3) NPNs, (2) PNPs 

ATE 

(Page 7-108) 

• HIGH DIGITAL DATA RATE ...............•• 500MHz 

• FAST SLEW RATE .........•..........•. 2500VlJ.1S 

• USER PROGRAMMABLE HYSTERESIS 

• WIDE TRACKING BANDWIDTH ..•..•......• 270MHz 

TELECOM SLiCs 

(Page 8-116) 

• PROGRAMMABLE LOOP CURRENT 

• THERMAL SHUTDOWN FEATURE 

• TRANSMIT SIGNALS WHILE ON-HOOK 

(Page 8-126) 

• FAST RISE/FALL TIMES •.•...•.............. 600ps • PROGRAMMABLE LOOP CURRENT 

• RISEIFALL TIME MATCHING .••.•..•......•.. 200ps • -24V"BATTERY 

• WIDE OUTPUT RANGE ..... " ... " " . " . " " . +7V to -2V • THERMAL SHUTDOWN FEATURE 

iii 
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This Linear and Telecom Databook represents the full line of Harris Semi
conductor Linear and Telecom products for Commercial and Industrial 
applications and supersedes all previously published Harris Linear and 
Telecom databooks. Military (MIL-STD-883, DESC SMD, and JAN) 
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LINEAR AND TELECOM PRODUCTS 

Harris Semiconductor is a pioneer in developing and producing advanced Linear and 
Telecom products for the most demanding Commercial, Industrial and Automotive 
applications in this world -- and beyond. 

This databook fully describes Harris Semiconductor's line of Linear and Telecom 
IC's. It includes a complete set of datasheets for product specifications, application 
notes with design details for specific applications of Harris products, and a descrip
tion of the Harris Quality and Reliability program. A New AnswerFAX section has 
been added to allow Users to request the latest datasheets and have them delivered 
immediately to your FAX machine. A detailed listing of SPICE Models and product 
Packaging provides a wide variety of information at your fingertips. 

Harris offers an extensive line of Linear components including; High Speed and 
General Purpose Op Amps, Comparators, Sample and Hold Amplifiers, Transistor 
Arrays and Special Analog Circuits found in Sections 2 through 7. 

HarriS Telecommunications components include SLiC - Subscriber Line Interface 
Circuits, Crosspoint Switches, CVSO's, OTMF Receivers and Tone Generators, PCM 
COOEC's and Transcoders and is found in Section 8. 

It is our intention to provide you with the most up-to-date information on Linear and 
Telecom Products. For complete, current and detailed technical specifications on any 
HarriS devices please contact the nearest Harris sales, representative or distributor 
office, listed at the end of the databook; or direct literature requests to: 

Harris Semiconductor Literature Department 
P.O. Box 883, MS CB1-28 

Melbourne, FL 32901 
1-80G-442-7747 

FAX 407-724-3937 

See Section 12 for Data Sheets Available on AnswerFAX 

Harris Semiconductor products are sold by description only. All specificationS in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request. Harris reserves the right to make changes in circuit deSign, specifications and other 
information at any time without prior notice. Accordingly. the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
deSign, performance, or otherwise. 
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LINEAR INTEGRATED CIRCUITS 

FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS 

General Information III 
* Operational Amplifiers III 

* Comparators III 
* Sample and Hold Amplifiers III 

* Differential Amplifiers • 

* Transistor and Diode Arrays. 

Special Analog Circuits. 

Telecommunications III 
Harris Quality and Reliability III 

Spice Model Listing/Application Note Abstracts III 
Packaging Information III 

Datasheets By FAX, Harris AnswerFAX IFI 

• Product Selection Guide located at the beginning of section. 
Sales Offices III 
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TECHNICAL ASSISTANCE 

For technical assistance on the Harris products listed In this databook, 
please contact the Field Applications Engineering staff available at one of the follow
Ing Harris Sales Offices: 

UNrrED STATES 

CALIFORNIA Costa Mesa ......................... 714-433-0600 

San Jose ...••••...•...••••..•.•.•. 408-985-7322 

Woodland Hills ••••.•..•••••......... 818-992-0686 

FLORIDA Melbourne •..........•....•...•••.. 407-724-3576 

GEORGIA Duluth •...••..•....•••.••.......... 404-476-2035 

IWNOIS Schaumburg ........................ 708-240-3480 

MASSACHUSETIS Burlington ...•.••.•.......••..•.••.• 617-221-1850 

NEW JERSEY Mt. Laurel ...•.•••.....•..••..•.•... 609-727-1909 

NEW YORK Great Neck ......................... 516-829-9441 

TEXAS Dallas .....•............•..•.•.•... 214-733-0800 

INTERNAnONAL 

FRANCE Paris. . . . . . . . . . . . . . . . . . . . . . . . . . . . 33-1-346-54046 

GERMANY Munich ••••...•...•.••.•.....•.... 49-8-963-8130 

HONG KONG Kowloon ........................... 852-723-6339 

ITALY Milano .•.••.•..•••.....•..•...... 39-2-262-22141 

JAPAN Tokyo .••••...•••..•.••••.•..•••. 81-33-345-8911 

KOREA Seoul ............................ 62-2-551-0931 

UNITED KINGDOM Camberley ••..•...••...•..•••.... 44-2-766-86686 

For literature requests. please contact Harris at 407-724-3739. 
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CA124 

CA139 

CA158 

CA224 

CA324 

CA239 

CA339 

CA258 

CA358 

CA555 

CA741 

CA1391 

CA1394 

CA1458 

CA1558 

CA2904 

CA3018 

CA3020 

CA3028 

CA3039 

CA3045 

1 
GENERAL INFORMATION 

ALPHA NUMERIC PRODUCT INDEX 

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ........ . 

Quad Voltage Comparators for Industrial, Commercial and Military Applications ......... . 

Dual Operational Amplifiers for Commercial Industrial, and Military Applications ......... . 

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ........ . 

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ........ . 

Quad Voltage Comparators for Industrial, Commercial and Military Applications ......... . 

Quad Voltage Comparators for Industrial, Commercial and Military Applications ......... . 

Dual Operational Amplifiers for Commercial Industrial, and Military Applications ......... . 

Dual Operational Amplifiers for Commercial Industrial, and Military Applications ......... . 

Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 
Military Equipment. ................................•........................... 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications .........................•..................................... 

TV Horizontal Processors .............••.••.•.......••........•.............. 

TV Horizontal Processors ........•........................................... 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications .............................................................. . 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications ............•.................................................. 

Dual Operational Amplifiers for Commercial Industrial, and Military Applications ......... . 

General Purpose Transistor Arrays .......•............•........................ 

Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at 
Frequency Up to 8M Hz ...............•...................................... 

DifferentiaVCascode Amplifiers for Commercial and Industrial Equipment from DC to 
120MHz ..........................•.•..................................... 

Diode Array •.......................••..................................... 

General Purpose N-P-N Transistor Arrays ....•................................... 

PAGE 

2-19 

3-3 

2-26 

2-19 

2-19 

3-3 

3-3 

2-26 

2-26 

7-3 

2-37 

7-9 

7-9 

2-37 

2-37 

2-26 

6-5 

2-43 

5-3 

6-11 

6-15 

NOTE: Bold Type Designates a New Product from Harris. 
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CA3046 

CA3049 

CA3053. 

CA3054 

CA3060 

CA3078 

CA3080 

CA3081 

CA3082 

CA3083 

CA3086 

CA3089 

CA3094 

CA3096 

CA3098 

CA31 00 

CA3102 

CA3126 

CA3127 

CA3130 

CA3140 

CA3141 

CA3146 

CA3160 

CA3183 

CA3189 

CA3193 

CA3194 

CA3217 

CA3227 

CA3256 

ALPHA NUMERIC PRODUCT INDEX (Continued) 

General Purpose N-P-N Transistor Arrays .•....•••••••...••...•.••••...•... ; ....• 

Dual High Frequency Differential Amplifiers For Low Power Applications Up to 
5OOMHz ...........•...................................................... 

DifferentiaVCascode Amplifiers for Commercial and Industrial Equipment from DC to 
120MHz .•.•..•.•••••••.•..•..•.......•.••..•.•.....••.••....•............... 

Transistor Array - Dual Independent Differential Amp for low Power Applications from DC 
to 120MHz ..........................••............•....••.................. 

Operational Transconductance Amplifier Arrays .................................. . 

Micropower Operational Amplifier .............................•................ 

Operational Transconductance Amplifier (OTA) ..............••..•................. 

General Purpose High Current N-P-N Transistor Arrays ............................ . 

General Purpose High Current N-P-N Transistor Arrays ............................ . 

General Purpose High Current N-P-N Transistor Array .•..•......................... 

General Purpose N-P-N Transistor Array .......•................................. 

FM IF System ............................................................. . 

Programmable Power Switch/Amplifier for Control and General Purpose Applications ..... . 

N-P-NIP-N-P Transistor Array ....•..............•...••..•..................... 

Programmable Schmitt Trigger - with Memory Dual Input Precision level Detectors ...... . 

Wideband Operational Amplifier ..•.•.....•......•......•...................... 

Dual High Frequency Differential Amplifiers For low Power Applications Up to 
500MHz ..........•....••..........•.•.............••..................... 

TV Chroma Processor ...•.••.....•.........................•................ 

High Frequency N-P-N Transistor Array ........................................ . 

BiMOS Operational Amplifier with MOSFET Input/CMOS Output ..................... . 

BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ..................... . 

High-Voltage Diode Array For Commercial, Industrial & Military Applications ............ . 

High-Voltage Transistor Arrays .....•......................•.................... 

BiMOS Operation~1 Amplifiers with MOSFET Input/CMOS Output .................... . 

High-Voltage Transistor Arrays ............................................... . 

FM IF System ............................................................. . 

BiCMOS Precision Operational Amplifiers ...................•.................... 

Single Chip PAL luminance/Chroma Processor .......•........................... 

Single Chip TV Chroma/luminance Processor ...•................................ 

High-Frequency N-P-N Transistor Arrays For low-Power Applications at 
Frequencies Up to 1.5GHz ................................................... . 

BiMOS Analog Video Switch and Amplifier ...................................... . 

NOTE: Bold Type Designates a New Product from Harris. 
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ALPHA NUMERIC PRODUCT INDEX (Continued) 

PAGE 

CA3240 Dual BiMOS Operational Amplifier with MOSFET InputlBipolar Output ................ . 2-171 

CA3246 High-Frequency N-P-N Transistor Arrays For low-Power Applications at Frequencies 6-65 
Up to 1.5GHz .•..................................•......................... 

CA3260 BiMOS Operational Amplifier with MOSFET Input/CMOS Output ........•............. 2-187 

CA3280 Dual Variable Operational Amplifier ..................•.......................... 2-191 

CA3290 BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output ................. . 3-17 

CA3420 low Supply Voltage, low Input Current BiMOS Operational Amplifiers ., .............. . 2-202 

CA3440 Nanopower BiMOS Operational Amplifier ..•..................................... 2-207 

CA3450 Video line Driver, High Speed Operational Amplifier ............................... . 2-213 

CA5130 BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output ........ . 2-221 

CA5160 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ....... . 

CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ....... . 

CA5420 low Supply Voltage, low Input Current BiMOS Operational Amplifier ..........•....... 

2-238 Z 
....10 

2-258 ~~ 
w::& 

2-263 
Za:: 
WO 
Oil.. 

CA5470 Quad Microprocessor BiMOS-E Operational Amplifiers with MOSFET Input/Bipolar Output. 2-270 ii!!: 

CD221 00 CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating) .... . 8-3 

CD22101 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory ........................... . 8-12 

CD22102 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory ....•....................... 8-12 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission 
Applications ......................•...............•........................ 8-24 

CD22202 5V low Power DTMF Receiver ............................................... . 8-30 

CD22203 5V low Power DTMF Receiver ............................................... . 8-30 

CD22204 5V Low Power Subscriber DTMF Receiver ...................................... . 8-36 

CD22301 Monolithic Pan Repeater .................................................... . 8-41 

CD22354A CMOS Single-Chip, Full-Feature PCM CODEC ................................... . 8-46 

CD22357 A CMOS Single-Chip, Full-Feature PCM CODEC ................................... . 8-46 

CD22M3493 12 x 8 x 1 BIMOS-E Crosspoint Switch ............................ '" " ...... . 8-56 

CD22M3494 16 x 8 x 1 BIMOS-E CrosspOint Switch ....................................... . 8-61 

CD22402 Sync Generator for TV Applications and Video ProceSSing Systems .................. . 7-66 

CD22859 Monolithic Silicon COs/MOS Dual-Tone Multifrequency Tone Gerierator ............... . 8-67 

CD74HC22106 QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control ........................... . 8-72 

CD74HCT22106 QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control ........................... . 8-72 

HA-2400 PRAM Four Channel Programmable Amplifiers ................................... . 2-275 

HA-2404 PRAM Four Channel Programmable Amplifiers ................................... . 2-275 

HA-2405 PRAM Four Channel Programmable Amplifiers ................................... . 2-275 

NOTE: Bold Type Designates a New Product from Harris. 
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HA-2406 

HA-2420 

HA-2425 

HA-2444 

HA-2500 

HA-2502 

HA-2505 

HA-2510 

HA-2512 

HA-2515 

HA-2520 

HA-2522 

HA-2525 

HA-2529 

HA-2539 

HA-2540 

HA-2541 

HA-2542 

HA-2544 

HA-2546 

HA-2547 

HA-2548 

HA-2556 

HA-2557 

HA-2600 

HA-2602 

HA-2605 

HA-2620 

HA-2622 

HA-2625 

HA-2640 

HA-2645 

HA-2705 

HA-2839 

ALPHA NUMERIC PRODUCT INDEX (Continued) 

Digitally Selectable Four Channel Operational Amplifier ............•..•..••......... 

Fast Sample and Hold Amplifier ....•..........•..•..•.....•..•.....•........... 

Fast Sample and Hold Amplifier •.••................•..........•....... : ....... . 

Selectable, Four Channel Video Operational Amplifier ••••••••••••••••••• _ ••••••• 

Precision High Slew Rate Operational Amplifiers .•..•....•.••....•••....••.•...... 

Precision High Slew Rate Operational Amplifiers .......•.....•..••........••...... 

Precision High Slew Rate Operational Amplifiers .••.....•..........•.............. 

High Slew Rate Operational Amplifiers ....................•..•..•....•.......... 

High Slew Rate Operational Amplifiers .....................•.................... 

High Slew Rate Operational Amplifiers .....•..........•..•..•................... 

Uncompensated High Slew Rate Operational Amplifiers ..............•....•......... 

Uncompensated High Slew Rate Operational Amplifiers ............................ . 

Uncompensated High Slew Rate Operational Amplifiers ..•.........•....•....•...... 

Uncompensated, High Slew Rate High Output Current, Operational Amplifier ........... . 

Very High Slew Rate Wideband Operational Amplifier .•....•...•.....•.............. 

Wideband. Fast Settling Operational Amplifier .......•............................. 

Wideband. Fast Settling. Unity Gain Stable. Operational Amplifier ....•................ 

Wideband. High Slew Rate. High Output Current Operational Amplifier .......••........ 

Video Operational Amplifier .......•....•..........•........................... 

Wideband Two Quadrant Analog Multiplier ...................................... . 

Wideband Two Quadrant Analog Multiplier. •.••.•.••.•.....•.............•........ 

PreciSion. High Slew Rate. Wideband Operational Amplifier .•..•.....•.•..•.•........ 

Wldeband Four Quadrant Voltage Output Analog Multiplier ..•.....•.....•........ 

Wldeband Four Quadrant Current Output Analog Multiplier .•..................... 

Wideband. High Impedance Operational Amplifiers •..•....•..•............•........ 

Wideband. High Impedance Operational Amplifiers ....•.•...•••....•.............•. 

Wideband. High Impedance Operational Amplifiers ...•...............•............. 

Very Wideband. Uncompensated Operational Amplifiers .........•..•............•.. 

Very Wideband. Uncompensated Operational Amplifiers ........................... . 

Very Wideband. Uncompensated Operational Amplifiers .•.••..•.......•............ 

High Voltage Operational Amplifiers .....•••.•.....•.....•..•..•....•..•......... 

High Voltage Operational Amplifiers .....•.••......•.....•..........•..•......... 

Low Power. High Performance Operational Amplifier .......•.......••............... 

Very High Slew Rate Wldeband Operational Amplifier ••••• __ ••••••••••••••••••••• 

NOTE: Bold Type Designates a New Product from Harris. 
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HA-2840 

HA-2841 

HA-2842 

HA-28S0 

HA-4741 

HA-4900 

HA-4902 

HA-4905 

HA-5002 

HA-5004 

HA-5020 

HA5022 

HAS023 

HAS024 

HA502S 

HA-5033 

HA-5101 

HA-5102 

HA-5104 

HA-5111 

HA-S112 

HA-S114 

HA-S127 

HA-5130 

HA-5134 

HA-5135 

HA-5137 

HA-5142 

HA-5144 

HA-S147 

HA-5160 

HA-5162 

HA-5170 

HA-5177 

ALPHA NUMERIC PRODUCT INDEX (Continued) 

Very High Slew Rate Wldeband Operational Amplifier •••••••••••••••••••••••..••• 

Wldeband, Fast SeHling, Unity Gain Stable, Video Operational Amplifier •••••••••••• 

Wldeband, High Slew Rate, High Output Current, Video Operational Amplifier •.••••• 

Low Power, High Slew Rate Wldeband Operational Amplifier •••••••.••••••••••.••• 

Quad Operational Amplifier ................•.........................•........ 

Precision Quad Comparator .....•...•..............................•.......... 

Precision Quad Comparator ...................•........................•...... 

Precision Quad Comparator ...........•....................................... 

Monolithic. Wideband. High Slew Rate. High Output Current Buffer ................... . 

100MHz Current Feedback Amplifier ........................................... . 

100MHz Current Feedback Video Amplifier ••••••••••••••••••••••••••••••••••••• 

Dual, Quad 100MHz Video Current Feedback Amplifier with Disable •••••••••••.••.• 

Dual, Quad 100MHz Video Current Feedback Amplifier ••••••••••••••••••••••••••• 

Dual, Quad 100MHz Video Current Feedback Amplifier with Disable •••••••••••••.•• 

Dual, Quad 1 OOMHz Video Current Feedback Amplifier ••••••••••••••••••••••••••• 

Video Buffer ....•................•.......•.....••.....•..•.•....•..•....... 

Low Noise. High Performance Operational Amplifiers ..•...••.•..•......•........... 

Low Noise. High Performance Operational Amplifiers .•.••.............•....•....... 

Low Noise. High Performance Operational Amplifiers ••..••............•....•....... 

Low Noise, High Performance Operational Amplifiers .•..•.......................... 

Low Noise, High Performance Operational Amplifiers .•....••.....•................. 

Low Noise. High Performance Operational Amplifiers .......•.•....••..............• 

Ultra-Low Noise Precision Operational Amplifier ....................•.....•........ 

Precision Operational Amplifiers .......•...............•.•..•.................. 

Precision Quad Operational Amplifier .......................................... . 

Precision Operational Amplifiers ..••...........••........•..................... 

Ultra-Low Noise Precision Wideband Operational Amplifier ................•.•....... 

DuaVQuad Ultra-Low Power Operational Amplifiers .•.......•.••.•.................. 

DuaVQuad Ultra-Low Power Operational Amplifiers ...•.....................•....... 

Ultra·Low Noise Precision High Slew Rate Wideband Operational Amplifier ............. . 

Wideband, JFET Input High Slew Rate. Uncompensated, Operational Amplifiers ••....... 

Wideband, JFET Input High Slew Rate, Uncompensated. Operational Amplifiers ........ . 

Precision JFETInput Operational Amplifier ...................................... . 

Ultra-Low Offset Voltage Operational Amplifier ................................... . 

NOTE: Bold Type Designates a New Product from Harris. 
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HA-5190 

HA-5195 

HA-5221 

HA-5222 

HA5232 

HA5234 

HA-5320 

HA-5330 

HA-5340 

HA5350 

HA5351 

HA5352 

HA721 0 

HC-5502B 

HC-5504B 

HC-5504DLC 

HC·5509A1 

HC-5509B 

HC-5524 

HC-5560 

HC-55536 

HC-55564 

HFA-OQ01 

HFA-OQ02 

HFA·0003 

HFA·0003L 

HFA-0005 

HFA1100 

HFA1105 

HFA1106 

HFA1110 

HFA1112 

HFA1113 

HFA1120 

ALPHA NUMERIC PRODUCT INDEX (Continued) 

Wideband, Fast Settling Operational Amplifiers ................................... . 

Wideband, Fast Settling Operational Amplifiers ................................... . 

Low Noise, Wideband Precision Operational Amplifiers ............................ . 

Low Noise, Wideband Precision Operational Amplifiers ............................ . 

Precision Dual and Quad Operational Amplifiers •••••• __ •••••. _ •••••.•• _ • _ . _ •••• 

Precision Dual and Quad Operational Amplifiers .••••••••••••••••••••••••••••••• 

High Speed Precision Monolithic Sample and Hold Amplifier ........................ . 

Very High Speed Precision Monolithic Sample and Hold Amplifier .................... . 

High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier ........... . 

Ultra Fast (50ns) Sample and Hold Amplifier ..•••.•..•••...•.•......•.•.•.••••• 

Ultra Fast (50ns) Sample and Hold Amplifier ••..••••••.••••••••.••••••••••••.•• 

Ultra Fast (50ns) Dual Sample and Hold Amplifier .............................. . 

Low Power Crystal Oscillator ............................................... . 

SLiC Subscriber Line Interface Circuit. ....................................... . 

SLiC Subscriber Une Interface Circuit. ...........•............................ 

SLiC Subscriber Line Interface Circuit. ......................................... . 

SLiC Subscriber Line Interface Circuit. ....................................... . 

SLiC Subscriber Line Interface Circuit. ....................................... . 

SLiC Subscriber Line Interface Circuit. ......................................... . 

PCM Transcoder .......................................................... . 

Continuous Variable Slope Delta-Demodulator (CVSD) ............................ . 

Continuously Variable Slope Delta-Modulator (CVSD) ............................. . 

Ultra High Slew Rate Operational Amplifier ...................................... . 

Low Noise Wideband Operational Amplifier ...................................... . 

Ultra High Speed Comparator ............................................... . 

Ultra High Speed Comparator ............................................... . 

High Slew Rate Operational Amplifier .......................................... . 

Ultra High·Speed Current Feedback Amplifiers ................................ . 

High·Speed, Low Power, Current Feedback Operational Amplifiers •.•.••••• _ •••••• 

High·Speed, Low Power, Current Feedback Operational Amplifiers ••••••••••••.••• 

750MHz Low Distortion Unity Gain, Closed Loop Buffer •••••••••.•••••••••••••••• 

Ultra High·Speed Closed Loop Buffer Amplifier .•••••••••••••••••••••••••••••••• 

Hlgh·Speed, Output Clamping Closed Loop Buffer ••••••••••••••..•••••.••.••••• 

Ultra Hlgh·Speed Current Feedback Amplifiers ............................... .. 

NOTE: Bold Type Designates a New Product from Harris. 
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HFA1130 

HFA1135 

HFA1145 

HFA3046 

HFA3096 

HFA3127 

HFA3128 

HFA5250 

ICL7611 

ICL7612 

ICL7621 

ICL7641 

ICL7642 

ICL7650S 

ICLS013 

ICLS03S 

ICL804S 

ICLS049 

ICM7242 

ICM7555 

ICM7556 

LM324' 

LM339 

LM35S' 

LM555 

LM741' 

LM145S' 

LM155S' 

LM2902' 

LM2904' 

ALPHA NUMERIC PRODUCT INDEX (Continued) 

Output Clamping, UHra Hlgh·Speed Current Feedback Amplmer •••••••••••••••••• 

High-Speed, Low Power, Current Feedback Operational Amplifiers •••••••••••••••• 

High-Speed, Low Power, Current Feedback Operational Amplifiers •••••••••••••••• 

Ultra High Frequency Transistor Array ....................................... . 

UHra High Frequency Transistor Array ....................................... . 

Ultra High Frequency Transistor Array ....................................... . 

Ultra High Frequency Transistor Array ....................................... . 

Ultra High-Speed Monolithic Pin Driver ...................................... . 

ICL76XX Series Low Power CMOS Operational Amplifiers ......•................... 

ICL76XX Series Low Power CMOS Operational Amplifiers ........•................. 

ICL76XX Series Low Power CMOS Operational Amplifiers ..•....................... 

ICL76XX Series Low Power CMOS Operational Amplifiers ......................... . 

ICL76XX Series Low Power CMOS Operational Amplifiers ......................... . 

Super Chopper·Stabilized Operational Amplifier .•.•..•.....•...................... 

Four Quadrant Analog Multiplier •...........••.......•..•..•................... 

Precision Waveform GeneratorNoltage Controlled Oscillator ..............•.......... 

Log/Antilog Amplifiers .••..........•...•.......•.............. " ..•.......... 

Log/Antilog Amplifiers ..•..•..•........•...........•....•.................... 

Long Range Fixed Timer .•.......•..•...........••.......•...••.............. 

General Purpose Timers ..............................................•...... 

General Purpose Timers .........•........................................... 

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ....... . 

Quad Voltage Comparators for Industrial, Commercial and Military Applications ....•..... 

Dual Operational Amplifiers for Commercial Industrial, and Military Applications ......... . 

Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 
Military Equipment .•.....•...•..••...••.•.........•......•.................... 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications ...••......•......••...••....••.•......•.•..................... 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications •..•••..•...•.....•••..•......•....••.......................... 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications .•••..•............•...•.•.•.......•.....•.•.....•............. 

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ....... . 

Dual Operational Amplifiers for Commercial Industrial, and Military Applications ......... . 

NOTE: Bold lYPe Designates a New Product from Harris. 
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PRODUCT INDEX BY FAMILY 

COMPARATORS DATA SHEETS 

CA139, CA239, 
CA339, 
LM339 

CA3098 

CA3290 

HA-4900, 
HA-4902, 
HA-4905 

HFA-0003, 
HFA-0003L 

Quad Voltage Comparators for Industrial, Commercial and Military Applications ....... . 

Programmable Schmitt Trigger - with Memory Dual Input Precision Level Detectors .... . 

BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output .............. . 

Precision Quad Comparator .................•.............................. 

Ultra High Speed Comparator .•...•...•.••...•.•..••.....•..•...••.....•.. 

DIFFERENTIAL AMPLIFIERS DATA SHEETS 

CA3028, CA3053 DifferentiaVCascode Amplifiers for Commercial and Industrial Equipment from DC to 
120MHz .......•.....•...••....................•..........•..•....•..... 

CA3049, CA3102 Dual High Frequency Differential Amplifiers For Low Power Applications Up 
500MHz ....•.••..•...•.•..•......••.............•....•...•............. 

CA3054 Transistor Array - Dual Independent Differential Amp for Low Power Applications from 
DC to 120MHz ..................•..........•.••..•..........•.....•...... 

OPERATIONAL AMPLIFIERS DATA SHEETS 

CA124, CA224, 
CA324, LM324*, 
LM2902* 

CA 158, CA258, 
CA358, CA2904, 
LM358*, LM2904* 

CA741 , CA1458, 
CA1558, LM741*, 
LM1458*, LM1558* 

CA3020 

CA3060 

CA3078 

CA3080 

CA3094 

CA31QO 

CA3130 

CA3140 

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ...... . 

Dual Operational Amplifiers for Commercial Industrial, and Military Applications ....... . 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications •........•...•....•.••....•.••....•...••.•................•.. 

Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at 
Frequency Up to 8MHz ......•.•...........•....••.••...................... 

Operational Transconductance Amplifier Arrays ....•........•................... 

Micropower Operational Amplifier ........................................... . 

Operational Transconductance Amplifier (OTA) ..............•..•............... 

Programmable Power Switch/Amplifier for Control and General Purpose Applications .. . 

Wideband Operational Amplifier ............................................ . 

BiMOS Operational Amplifier with MOSFET InputICMOS Output ....•.............•. 

BiMOS Operational Amplifier with MOSFET InputlBipolar Output .................. . 

NOTE: Bold Type Designates a New Product from Harris. 
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PRODUCT INDEX BY FAMILY (Continued) 

OPERATIONAL AMPLIFIERS DATA SHEETS (Continued) 

CA3160 BiMOS Operational Amplifiers with MOSFET InputlCMOS Output .•.•..•......•..... 

CA3193 BICMOS Precision Operational Amplifiers .................................... . 

CA3240 Dual BiMOS Operational Amplifier with MOSFET InputlBipolar Output ....•.......... 

CA3260 BiMOS Operational Amplifier with MOSFET Input/CMOS Output. .•.............•... 

CA3280 Dual Variable Operational Amplifier ......•........•....••....••••............. 

CA3420 Low Supply Voltage, Low Input Current BiMOS Operational Amplifiers •.............. 

CA3440 Nanopower BiMOS Operational Amplifier ..................................... . 

CA3450 Video Line Driver, High Speed Operational Amplifier ............................ . 

CA5130 BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output ...... . 

CA5160 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ..... . 

CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ..... . 

CA5420 Low Supply Voltage, Low Input Current BiMOS Operational Amplifier ............... . 

CA5470 Quad Microprocessor BiM08-E Operational Amplifiers with MOSFET InputlBipolar 
Output .............•.............................................•..... 

HA·2400, HA·2404; PRAM Four Channel Programmable Amplifiers ..•••..•••...•..............•.•.. 
HA·2405 

HA·2406 Digitally Selectable Four Channel Operational Amplifier ................•....•..... 

HA·2444 Selectable, Four Channel Video Operational Amplifier ••••••••••••••••.•••••••• 

HA·2500, HA·2502, Precision High Slew Rate Operational Amplifiers .............•.......•.••..••••. 
HA·2505 

HA·2510, HA·2512, High Slew Rate Operational Amplifiers .•.••.•........••...••.•................ 
HA·2515 

HA·2520, HA·2522, Uncompensated High Slew Rate Operational Amplifiers ...............•..•.•..... 
HA·2525 

HA·2529 Uncompensated, High Slew Rate High Output Current, Operational Amplifier .••..•.... 

HA·2539 Very High Slew Rate Wideband Operational Amplifier •.•..••....••............... 

HA·2540 Wideband, Fast Settling Operational Amplifier •....•...••..............•........ 

HA·2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ..••............... 

HA·2542 Wldeband, High Slew Rate, High Output Current Operational Amplifier .............. . 

HA·2544 Video Operational Amplifier ...•.......••..................•.•.•............. 

HA·2548 Precision, High Slew Rate, Wideband Operational Amplifier ...........•..•....•... 

HA·2600, HA·2602, Wideband, High Impedance Operational Amplifiers .•........••...••.•....•...... 
HA·2605 

NOTE: Bold 1}'pe Designates a New Product from Harris. 
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PRODUCT INDEX BY FAMILY (Continued) 

PAGE 

OPERATIONAL AMPLIFIERS DATA SHEETS (Continued) 

HA-2620. HA-2622. Very Wideband. Uncompensated Operational Amplifiers. . . • . . . . . • . . . . . . . . . . . • . . . . 2-376 
HA-2625 

HA-2640. HA-2645 High Voltage Operational Amplifiers • • • . . . • • . . . • • . . . . . . . . . . . . . • . . . . . • . . • . . . . . . 2-383 

HA-2705 Low Power. High Performance Operational Amplifier • . . . . . . . • . . . • . . . . • . • . . . . . . . . . 2-389 

HA-2839 Very High Slew Rate Wldeband Operational Amplifier •••••• • • • • • • • • • • • • • • • • • • • 2-392 

HA-2840 Very High Slew Rate Wldeband Operational Amplifier ••••••••••••••••••••••••• 2-400 

HA-2841 Wldeband, Fast Settling, Unity Gain Stable, Video Operational Amplifier.......... 2-408 

HA-2842 Wldeband, High Slew Rate, High Output Current, Video Operational Amplifier. • • • • 2-417 

HA-28S0 Low Power, High Slew Rate Wldeband Operational Amplifier ••••••••••••••••••• 2-426 

HA-4741 Quad Operational Amplifier •.....•........ ,. . •••.. . •. . . . .•. .. . . . . .... . .. .. . . 2-434 

HA-5002 Monolithic. Wideband. High Slew Rate. High Output Current Buffer. . . . . • . . . . . . . . . . . . 2-440 

HA-5004 1 OOMHz Current Feedback Amplifier. . . . . . . . . . . . • • . . . • . • . . . • . . . . . . . . . . . . . . . . . . 2-448 

HA-5020 100MHz Current Feedback Video Amplifier _........ • • • • • • • • • • • • • • • • • • • • • • • • • 2-457 

HAS022, HAS024 Dual, Quad 100MHz Video Current Feedback Amplifier with Disable ••••••••••••• 2-468 

HAS023, HA502S Dual, Quad 100MHz Video Current Feedback Amplifier ••• • • • • • • • • • • • • • • • • • • • • • 2-469 

HA-5033 Video Buffer. • . • . • • . . • . . • • . . . . . . . . . • . • • . . • • • • • • . • • . • . • . . . . . . . . . . . • . . . . . . . 2-470 

HA-51 01. HA-5111 Low Noise. High Performance Operational Amplifiers. • • . • • . . • • . . . . . . . . . . . . . . . . . . . 2-480 

HA-5102. HA-5104. Low Noise. High Performance Operational Amplifiers.... ••... . .. . .. .. . . . . . . . . . . . . 2-490 
HA-5112. HA-5114 

HA-5127 Ultra-Low Noise Precision Operational Amplifier ........•...............• , . . . . . . . 2-500 

HA-5130. HA-5135 Precision Operational Amplifiers .•............•........................... , . . 2-509 

HA-5134 Precision Quad Operational Amplifier .•.................•........ , . . . . . . . . . . . . 2·517 

HA-5137 Ultra·Low Noise Precision Wldeband Operational Amplifier. • • . . . . . . . . . . . . . . . . . . . . . 2-525 

HA-5142. HA-5144 DuaVQuad Ultra-Low Power Operational Amplifiers .................•.....•... , . . 2-533 

HA-5147 Ultra·Low Noise Precision High Slew Rate Wideband Operational Amplifier. . . . . . . . . . . 2-540 

HA-5160. HA-5162 Wideband. JFET Input High Slew Rate. Uncompensated. Operational Amplifiers... .... 2-548 

HA-5170 Precision JFET Input Operational Amplifier .••.•••• , • . . • • . . • • • . . . . • • . . . . . • . . . . . . 2-556 

HA-51 n Ultra-Low Offset Voltage Operational Amplifier. . . . • . . . . • • . . • • • . . . • . . . . . . . . . . . . . . 2-564 

HA-5190. HA-5195 Wideband. Fast Settling Operational Amplifiers. . • . .. •. • .. . • . .. . . ••. .. . .. . . . .. . . 2·574 

HA-5221. HA-5222 Low Noise. Wideband Precision Operational Amplifiers. • • . • • . . . . . . • . . . . . . . . . . . . . . 2-582 

HAS232, HA5234 Precision Dual and Quad Operational Amplifiers ••••••••••••••••••••••••••••• 2·593 

HFA·OOO1 Ultra High Slew Rate Operational Amplifier .....................•..•..••...•. , . . 2·598 

NOTE: Bold "TYpe Designates a New Product from Harris. 
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PRODUCT INDEX BY FAMILY (Continued) 

OPERATIONAL AMPLIFIERS DATA SHEETS (Continued) 

HFA-0002 

HFA-0005 

Low Noise Wideband Operational Amplifier •.......•........................... 

High Slew Rate Operational Amplifier ..•..•..........•..•..................... 

HFA 1100, HFA 1120 Ultra High-Speed Current Feedback Amplifiers ••••••••••••••••••••••••••.•.• , 

HFA1105, HFA1106, High-Speed, Low Power, Current Feedback Operational Amplifiers •••••••••••••• 
HFA1135, HFA1145 

HFA 1110 750MHz Low Distortion Unity Gain, Closed Loop Buffer ••••• , , •• , • , •••••••••••• 

HFA1112 Ultra High-Speed Closed Loop Buffer Amplifier, •• ,."., •••••• , •••••••••••••• 

HFA 1113 Hlgh·Speed, Output Clamping Closed Loop Buffer •• , ••••••••••••••••••••••.•• 

HFA 1130 Output Clamping, Ultra Hlgh·Speed Current Feedback Amplifier •••••••••••••••. 

ICL7611,ICL7612 ICL76XX Series Low Power CMOS Operational Amplifiers ....................... . 

ICL7621, ICL7641, ICL76XX Series Low Power CMOS Operational Amplifiers .....•.•................ 
ICL7642 

ICL7650S Super Chopper-Stabilized Operational Amplifier .........................•....... 

SAMPLE AND HOLD AMPLIFIER DATA SHEETS 

PAGE 

2-608 

2-617 

2-627 

2-636 

2-637 

2-646 

2-651 

2-659 

2-670 

2-682 

2-694 

HA-2420, Fast Sample and Hold Amplifiers . . . • . • . . . . . . . . . . . . . . . . . • . • . . . . • . . . . . . . . . . . . . 4-3 
HA·2425 

HA·5320 High Speed Precision Monolithic Sample and Hold Amplifier.. . . .. . . ... . . . .... . . . . . 4-12 

HA·5330 Very High Speed Precision Monolithic Sample and Hold Amplifier. . . . . . . . • • . . . . . . . . . 4-19 

HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier. . . . . . . . . . 4-23 

HA5350, HA5351 Ultra Fast (SOns) Sample and Hold Amplifiers ••• , • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4-31 

HA5352 Ultra Fast (50ns) Dual Sample and Hold Amplifier. . . . . . . . . . . . . . . . . . . . . • . . . . . . 4-36 

SPECIAL ANALOG CIRCUITS DATA SHEETS 

CA555, LM555 Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 7-3 
Military Equipment ...•.•..•...•..•..•.••..•........•........•.•............ 

CA1391, CA1394 TV Horizontal Processors........................................... ...... . 7-9 

CA3089 FM IF System. . . . . . • . . . . . . . . • . . . . . . . . . . . . • . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . 7-13 

CA3126 TV Chroma Processor. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 7-20 

CA3189 FM IF System.......................................... ..... . .... . .. ... . 7-29 

CA3194 Single Chip PAL Luminance/Chroma Processor. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 7-36 

CA3217 Single Chip TV Chroma/Luminance Processor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-45 

CA3256 BiMOS Analog Video Switch and Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-54 

NOTE: Bold Type Designates a New Product from Harris. 
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PRODUCT INDEX BY FAMILY (Continued) 

SPECIAL ANALOG CIRCUITS DATA SHEETS (Continued) 

CD22402 

HA-2546 

HA-2547 

HA-2556 

HA-2557 

HA721 0 

HFA5250 

ICL8013 

ICL8038 

ICL8048, 
ICL8049 

ICM7242 

ICM7555, 
ICM7556 

Sync Generator for TV Applications and Video Processing Systems ................ . 

Wideband Two Quadrant Analog Multiplier .•................................... 

Wideband Two Quadrant Analog Multiplier. ................................... . 

Wldeband Four Quadrant Voltage Output Analog Multiplier .................... . 

Wldeband Four Quadrant Current Output Analog Multiplier ................... . 

Low Power Crystal OSCillator ............................................. . 

Ultra High-Speed Monolithic Pin Driver .................................... . 

Four Quadrant Analog Multiplier ............................................ . 

Precision Waveform GeneratorNoltage Controlled Oscillator ...................... . 

Log/Antilog Amplifiers .................................................... . 

Long Range Fixed Timer ... ; .............................................. . 

General Purpose Timers .................................................. . 

TELECOMMUNICATIONS DATA SHEETS 

CD221 00 CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating) ... 

PAGE 

7-66 

7-76 

7-89 

7-97 

7-101 

7-104 

7-108 

7-112 

7-120 

7-130 

7-140 

7-146 

8-3 

CD22101, CD22102 CMOS 4 x 4 x2 Crosspoint Switch with Control Memory ............. ,. .. . .... . .. . 8-12 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission 8-24 
Applications ............................................................ . 

CD22202, CD22203 5V Low Power DTMF Receiver. . . . . . . . . . . . . . . . . • . . • . . . . . • . . . . . . . . . . . . . . . . . . . 8-30 

CD22204 

CD22301 

CD22354A, 
CD22357A 

CD22M3493 

CD22M3494 

CD22859 

CD74HC221 06, 
CD74HCT22106 

HC-5502B 

HC-5504B 

HC-5504DLC 

HC-5509A1 

5V Low Power Subscriber DTMF Receiver .................................... . 

Monolithic Pan Repeater .................................................. . 

CMOS Single-Chip, Full-Feature PCM CODEC ................................ . 

12 x 8 x 1 BiMOS-E Crosspoint Switch ..................................... . 

16 x 8 x 1 BiMOS-E Crosspoint Switch ..................................... . 

Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator ............. . 

QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control ......................... . 

SUC Subscriber Line Interface Circuit ..................................... . 

SUC Subscriber Line Interface Circuit ..................................... . 

SLiC Subscriber Line Interface Circuit ....................................... . 

SLiC Subscriber Line Interface Circuit ..................................... . 

NOTE: Bold Type Designates a New Product from Harris. 
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PRODUCT INDEX BY FAMILY (Continued) 

TELECOMMUNICATIONS DATA SHEETS (Continued) 

HC-5S09B 

HC-5524 

HC-5560 

HC-55536 

HC-55564 

SUC Subscriber Une Interface Circuit ...........•.......................... 

SLiC Subscriber line Interface Circuit ....................................... . 

PCM Transcoder ...........................................•............. 

Continuous Variable Slope Delta-Demodulator (CVSD) .......................... . 

Continuously Variable Slope Delta-Modulator (CVSD) ........................... . 

TRANSISTOR ARRAY DATA SHEETS 

CA3018 General Purpose Transistor Arrays .......................................... . 

CA3039 Diode Array ............................................................ . 

CA3045, CA3046 General Purpose N-P-N Transistor Arrays ..................................... . 

CA3081, CA3082 General Purpose High Current N-P-N Transistor Arrays .......................... . 

CA3083 General Purpose High Current N-P-N Transistor Array .......................... . 

CA3086 General Purpose N-P-N Transistor Array ..................................... . 

CA3096 N-P-NIP-N-P Transistor Array .............................................. . 

CA3127 High Frequency N-P-N Transistor Array ...................................... . 

CA3141 High-Voltage Diode Array For Commercial, Industrial & Military Applications .•......... 

CA3146, CA3183 High-Voltage Transistor Arrays ............................................. . 

CA3227, CA3246 High-Frequency N-P-N Transistor Arrays For low-Power Applications at 
Frequencies Up to 1.5GHz ................................................ . 

HFA3046, HFA3096, Ultra High Frequency Transistor Array ...........................•.......... 
HFA3127, HFA3128 

NOTE: Bold Type Designates a New Product from Harris. 
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Commercial Linear Product Cross Reference 

PART NUMBER HARRIS DEVICE PIN·TO-PIN HARRIS ADVANTAGE/COMMENT 

3507J HA2·2525·5 Yes 
3508J HA2·2625·5 Yes 
3551J HA2·5162·5 · Reduced IbiaslGreater Bandwidth 

3551S HA2·5160·2 · Reduced IbiaslGreater Bandwidth 

3554AM HFA1·000l·9 No Greater Bandwidth/Faster TslLower price 

3554BM HFA1·000l·9 No Greater Bandwidth/Faster TslLower price 

3554SM HFA1·000l·9 No Greater Bandwidth/Faster TslLower price 

AD3554AM HFA1·000l·9 No Greater Bandwidth/Faster TslLower price 

AD3554BM HFA1·000l·9 No Greater Bandwidth/Faster TslLower price 

AD3554SM HFA1·000l·9 No Greater Bandwidth/Faster TslLower price 

AD389BD HA1·5320·2 No Faster Acquisition/Reduced Droop 

AD389KD HA1·5320·5 No Faster Acquisition/Reduced Droop 

AD507JH HA2·2625·5 Yes 
AD507KH HA2·2625·5 Yes 
AD507SH HA2·2620·2 Yes 
AD509JH HA2·2525·5 Yes Substitute HA2·2529·5 

AD509KH HA2·2525·5 Yes Substitute HA2·2529·5 

AD509SH HA2·2520·2 Yes Substitute HA2·2529·2 

AD518JH HA2·2515·5 Yes 
AD518JN HA3·2515·5 Yes 
AD518KH HA2·2515·5 Yes 
AD518SH HA2·251 0·2 Yes 
AD539JD HA1·2547·5 No Enhanced Bandwidth 

AD539KD HA1·2547·5 No Enhanced Bandwidth 

AD539SD HA1·2547·9 No Enhanced Bandwidth 

AD542JH HA1·5170·5 · Enhanced ACs 

AD5539JN HA3·2839·5 · 
AD5539JQ HA1·2839·5 · 
AD5539SQ HA1·2539·2 · 
AD582KD HA1·2425·5 No Faster Acquisition/Enhanced ACs 

AD582SD HA1·2420·2 No Faster Acquisition/Enhanced ACs 

AD583KD HA1·2425·5 Yes Faster Acquisition/Greater lout 

AD585AQ HA1·5320·5 No Faster Acquisition/Reduced Droop 

AD585SQ HA1·5320·2 No Faster Acquisition/Reduced Droop 

AD811AN HA3·5020·9 Yes Lower Power, Price 

AD811 S0I883 HA7·5020/883 Yes Lower Power, Price 

AD821AQ CA5160AE (PDIP) · Reduced IbiaslEnhanced ACs 

AD821AS CA5160AE (PDIP) · Reduced Ibias/Enhanced ACs 

AD821JN CA5160AE · Reduced IbiaslEnhanced ACs 

AD840JN HA3B2840·5 Yes Lower Cost 

AD840JQ HA1·2840·5 Yes Lower Cost 

AD840KN HA3B2840·5 Yes Lower Cost 

AD840KQ HA1·2840·5 Yes Lower Cost 

AD840SQ HA 1·2840/883 Yes Lower Cost 

AD840S0I883 HA 1·2840/883 Yes Lower Cost 

AD841JH HA2·2541·5 Yes 
AD841JN HA3·2841·5 Yes Lower Cost 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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r---Commercial Linear Product Cross Reference (Continued)----. 

PART NUMBER HARRIS DEVICE PIN-To-PIN HARRIS ADVANTAGE/COMMENT 

AD841JQ HA1-2541-S Yes 
AD841KH HA2-2541-S Yes 
AD841KN HA3-2841-S Yes Lower Cost 

AD841KQ HA7-2841-S Yes Enhanced ACslLower Power 

AD841SH HA2-2541/883 Yes Enhanced ACslLower Power 

AD841SQ HAl-28411883 Yes Lower Cost 

AD841 S0I883 HA 1-2841/883 Yes Lower Cost 

AD842JH HA2-2542-S Yes 
AD842JN HA3B2842-S Yes Lower Cost 

AD842JQ HAl-2542-S Yes 
AD842KH HA2-2542-S Yes 
AD842KN HA3B2842-S Yes Lower Cost 

AD842KQ HAl-2542-S Yes 
AD842SH HA2-25421883 Yes Enhanced ACslLower Cost 

AD842SQ HA 1-2842/883 Yes Lower Cost 

AD842S0I883 HA 1-2842/883 Yes Lower Cost 

AD844AN HA3-S020-9 Yes Enhanced ACs and Video Performance 

AD844AQ HA7-S020-9 Yes Enhanced ACs and Video Performance 

AD844BQ HA7-S02Q-9 Yes Enhanced ACs and Video Performance 

AD844S0I883B HA7-S020/883 Yes Enhanced ACs and Video Performance 

AD846AN HA3-S020-9 Yes Enhanced ACslLower Cost 

AD846AQ HA7-S020-9 Yes Enhanced ACslLower Cost 

AD846BQ HA7-S020-9 Yes Enhanced ACslLower Cost 

AD846SQ HA7-S020/883 Yes Enhanced ACslLower Cost 

AD847JN HA3-2544C-S Yes 
AD847SQ HA7-2544-2 Yes 
AD9610BH HA1-S004-9 No Greater Bandwidth/Lower Cost Monolithic 

AD9617JN HFA3-0001-S Yes Greater Bandwidth/Lower Cost 

AD9620AD HFAlll0lJ Yes Performance. Price 

AD9620SD HFA 111 OMJ/883 Yes Performance. Price 

AD9630AN HFA1110lP Yes Performance. Price 

AD9630AQ HFA1110lJ Yes Performance. Price 

AD9630AR HFA11101B Yes Performance. Price 

AD9630SQ HFAlll0MJ1883 Yes Performance. Price 

AD9668SBH HFA2-0003L-9 Yes Better Performance 

AD9668SBQ HFA1-0003L-9 Yes Better Performance 

AD96685BR HFA9POOO3L-S Yes Faster Propagation Delay/Lower Cost 

ADLHOO32CG HA2-2542-S * MonolithiclLower Cost 

ADLHOO32G HA2-2542-2 * MonolithiclLower Cost 

ADLHOO33CG HA2-S033-S * Enhanced ACslMonolithiclLower Cost 

ADLHOO33G HA2-S033-2 * Enhanced ACslMonolithiclLower Cost 

ADOP27AH HA2-S127A-2 Yes Enhanced ACslReduced Icc 

ADOP27AQ HA7-S127A-2 Yes Enhanced ACslReduced Icc 

ADOP27EH HA2-S127A-S Yes Enhanced ACslReduced Icc 

ADOP27EQ HA7-S127A-S Yes Enhanced ACslReduced Icc 

ADOP27GH HA2-S127-S Yes Enhanced ACslReduced Icc 

ADOP27GQ HA7-S127-S Yes Enhanced ACslReduced Icc 

* Primary pins are pin-to-pin; Secondary/optional pins are not 
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,---Commercial Linear Product Cross Reference (Continued) 

PART NUMBER HARRIS DEVICE PIN· T()'PIN HARRIS ADVANTAGE/COMMENT 

ADOP37AH HA2-S137A-2 Yes Enhanced ACslReduced Icc 

ADOP37AQ HA7-S137A-2 Yes Enhanced ACslReduced Icc 

ADOP37EH HA2-S137A-S Yes Enhanced ACslReduced Icc 

ADOP37EQ HA7-S137A-S Yes Enhanced ACslReduced Icc 

ADOP37GH HA2-S137-S Yes Enhanced ACslReduced Icc 

ADOP37GQ HA7-S137-S Yes Enhanced ACslReduced Icc 

AM-4SQ-2 HA2-2S0S-S Yes Guaranteed DCslACs 

AM-4S0-2M HA2-2S02-2 Yes Guaranteed DCslACs 

AM-452-2 HA2-2S2S-S Yes Guaranteed DCslACs 

AM-4S2-2M HA2-2522-2 Yes Guaranteed DCslACs 

AM-460-2 HA2-260S-S Yes Guaranteed DCslACs 

AM-460-2M HA2-2602-2 Yes Guaranteed DCslACs 

AM-462-2 HA2-262S-S Yes Guaranteed DCslACs 

AM-462-2M HA2-2620-2 Yes Guaranteed DCslACs 

AM-7650-1 ICL7650SCPD Yes Almost Identical 

AM-7650-2 ICL7650SCTV-1 Yes Almost Identical 

BB3554AM HFA1-0001-9 No Greater BandWidth/Faster TslLower Cost 

BB3554BM HFA1-0001-9 No Greater Bandwidth/Faster TslLower Cost 

BB3554SM HFA1-0001-9 No Greater BandWidth/Faster TslLower Cost 

CA3054 CA3054 Yes SOIC Version Available 

CA3146P CA3146E Yes 

CLC110ABD HFA1110MJ/B83 Yes Better Performance 

CLC110AID HFA1110lJ Yes Better Performance 

CLC110AJP HFA1110lP Yes Better Performance 

CLC110ALC HFA1110Y NlA Die 

CLC400ABD HFA 1120MJ/883 · BettElr Performance 

CLC400AID HFA11201J · Better Performance 

CLC400AID HFA1-0001-9 · Faster Transient Response 

CLC400AJE HFA1120lB · Better Performance 

CLC400AJP HFA1120lP · Better Performance 

CLC400AJP HFA3-0001-9 · Faster Transient Response 

CLC400ALC HFA1120Y N/A Die 

CLC401 ABO HFA1100MJ/B83 Yes Better Performance 

CLC401AID HFA1100lJ Yes Better Performance 

CLC401AID HFA1-0005-9 · Faster Transient Response 

CLC401AJP HFAll00lP Yes Better Performance 

CLC401AJP HFA3-0005-9 · Faster Transient Response 

CLC401ALC HFAll00Y NlA Ole 

CLC402ABD HFA 11 OOMJ/883 Yes Better Performance 

CLC402AID HFAll00lJ Yes BettElr Performance 

CLC402AJE HFAll00lB Yes Better Performance 

CLC402AJP HFAll00lP Yes Better Performance 

CLC402ALC HFAll00Y N/A Die 

CLC402BJP HFA3-0005-5 Yes 

CLC404A8D HFA 11 OOMJ/883 Yes Better PElrformance 

CLC404AID HFAll00lJ Yes Better Performance 

CLC404AJE HFAll00lB Yes Better Parformance 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Contlnued)------, 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

CLC404AJP HFA1100lP Yes Better Performance 

CLC404ALC HFAll00Y NlA Die 

CLC406A8D HFA 11 00MJ/883 Yes Better Performance 

CLC406AID HFAll00lJ Yes Better Performance 

CLC406AJE HFAll00lB Yes Better Performance 

CLC406AJP HFAll00lP Yes Better Performance 

CLC406ALC HFAll00Y NlA Die 

CLC409A8D HFAll00MJ/883 Yes Better Performance 

CLC409AID HFAll00lJ Yes Better Performance 

CLC409AJE HFAll00lB Yes Better Performance 

CLC409AJP HFAll00lP Yes Better Performance 

CLC409ALC HFAll00Y NlA Better Performance 

CLC410A8D HFA1120MJ/883 · CLC Has Enable 

CLC410AID HFA11201J · CLC Has Enable 

CLC410AJE HFA11201B · CLC Has Enable 

CLC410AJP HFA1120lP · CLC Has Enable 

CI..C410ALC HFA1120Y NlA CLC Has Enable 

CLC420A8D HFA7-0002l883 Yes Use HFA For Gains >10 

CLC420AID HFA7-0002-9 Yes Usa HFA For Gains >10 

CLC420AJE HFA9POOO2-9 Yes Use HFA For Gains >10 

CLC420AJP HFA3-0001-5 Yes 

CLC420AJP HFA3-0002-9 Yes Use HFA For Gains >10 

CLC420AJP HFA3-0005-5 Yes 

CLC420B8D HFA7-0002l883 Yes Usa HFA For Gains >10 

CLC420BID HFA7-0002-9 Yes Usa HFA For Gains >10 

CLC420BJE HFA9POO02-9 Yes Use HFA For Gains >10 

CLC420BJP HFA3-0001-5 Yes 

CLC420BJP HFA3-0002-9 Yes Usa HFA For Gains >10 

CLC424A8D HFA7-0002l883 Yes Usa HFA For Gains >10 

CLC424AID HFA7-0002-9 Yes Usa HFA For Gains >10 

CLC424AJE HFA9POO02-9 Yes Usa HFA For Gains >10 

CLC424AJP HFA3-0001-5 Yes 

CLC424AJP HFA3-0002-9 Yes Use HFA For Gains >10 

CLC424AJP HFA3-0005-5 Yes 

CLC430 HA-5020 Yes Enhanced AC and Video Performance 

CLC430AID HA7-5020-9 Yes Better AC Performance 

CLC430AJE HA9P5020-9 Yes Better AC Performance 

CLC430AJP HA3-5020-9 Yes Better AC Performance 

CLC501A8D HFA1130MJ/883 Yes Better Performance 

CLC501AID HFA1130lJ Yes Better Performance 

CLC501AJE HFA1130lB Yes Better Performance 

CLC501AJP HFA1130lP Yes Better Performance 

CLC502A8D HFA1130MJ/883 Yes Better Performance 

CLC502AID HFA1130lJ Yes Better Performance 

CLC502AJE HFA1130lB Yes Better Performance 

CLC502AJP HFA1130lP Yes Better Performance 

EHA 1-2539-2 HAI-2539-2 Yes 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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r--- Commercial Linear Product Cross Reference (Continued) 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

EHA 1-2539-5 HAl-2539-5 Yes 

EHA 1-2539-5 HAl-2839-5 Yes Lower Cost 

EHA 1-2539/8838 HA 1-28391883 Yes Lower Cost 

EHA 1-2540-2 HAl-2540-2 Yes 

EHA 1-2540-5 HAl-2540-5 Yes 

EHA 1-2540-5 HAl-2840-5 Yes Lower Cost 

EHA 1-2540/883 HA 1-2840/883 Yes Lower Cost 

EHAl-5190-2 HAl-5190-2 Yes 

EHAl-5195-5 HAl-5195-5 Yes 

EHA2-2500-2 HA2-2500-2 Yes 

EHA2-2502-2 HA2-2502-2 Yes 

EHA2-2505-5 HA2-2505-5 Yes 

EHA2-251 0-2 HA2-251 0-2 Yes 

EHA2-2512-2 HA2-2512-2 Yes 

EHA2-2515-5 HA2-2515-5 Yes 

EHA2-2520-2 HA2-2520-2 Yes Substitute HA2-2529-2 

EHA2-2522-2 HA2-2522-2 Yes Substitute HA2-2529-2 

EHA2-2525-5 HA2-2525-5 Yes Substitute HA2-2529-5 

EHA2-2600-2 HA2-2600-2 Yes 

EHA2-2602-2 HA2-2602-2 Yes 

EHA2-2605-5 HA2-2605-5 Yes 

EHA2-2620-2 HA2-2620-2 Yes 

EHA2-2622-2 HA2-2622-2 Yes 

EHA2-2625-5 HA2-2625-5 Yes 

EHA2-5190-2 HA2-5190-2 Yes 

EHA2-5195-5 HA2-5195-5 Yes 

EHA3-2539-5 HA3-2539-5 Yes 

EHA3-2539-5 HA3-2839-5 Yes Lower Cost 

EHA3-2540-5 HA382840-5 Yes Lower Cost 

EHA3-2540-5 HA3-2540-5 Yes 

EHA7-2500-2 HA7-2500-2 Yes 

EHA7-2502-2 HA7-2502-2 Yes 

EHA7-2505-5 HA7-2505-5 Yes 

EHA7-251 0-2 HA7-251 0-2 Yes 

EHA7-2512-2 HA7-2512-2 Yes 

EHA7-2515-5 HA7-2515-5 Yes 

EHA7-2520-2 HA7-2520-2 Yes 

EHA7-2522-2 HA7-2522-2 Yes 

EHA7-2525-5 HA7-2525-5 Yes 

EHA7-2600-2 HA7-2600-2 Yes 

EHA7-2602-2 HA7-2602-2 Yes 

EHA7-2605-5 HA7-2605-5 Yes 

EHA7-2620-2 HA7-2620-2 Yes 

EHA7-2622-2 HA7-2622-2 Yes 

EHA7-2625-5 HA7-2625-5 Yes 

EL2003CH HA2-5002-5 Yes Greater Slew Rate/Reduced Icc 

EL2003CJ HA7-5002-5 No Greater Slew Rate/Reduced Icc 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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.....--Commercial Linear Product Cross Reference (Contlnued)----, 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

EL2003CN HA3-5002-5 No Greater Slew Rate/Reduced Icc 

EL2003CPL HA9P5002-9 No Greater Slew Rate/Reduced Icc 

EL2003H HA2-5002-2 Yes Greater Slew Rate/Reduced Icc 

EL2003J HA7-5002-2 No Greater Slew Rate/Reduced Icc 

EL2005CG HA2-5033-5 · Greater Bandwidth 

EL2005G HA2-5033-2 · Greater Bandwidth 

EL2020CJ HA7-5020-5 Yes Better Performance 

EL2020CM HA9P5020-5 · Enhanced ACs and DCS/Lower Cost 

EL2020CN HA3-5020-5 Yes Better Performance 

EL2020J HA7-5020/883 Yes Enhanced ACs and DCS/Lower Cost 

EL2020J/883B HA7-5020/883 Yes Better Performance 

EL2030CJ HA7-5020-5 · Enhanced DCslLower Cost 

EL2030CN HA3-5020-5 Yes Disable Feature 

EL2030J/883B HA7 -5020/883 · Enhanced DCS/Lower Cost 

EL2033CJ HA7-5002-5 · Greater Slew Rate/Reduced Icc 

EL2033CN HA3-5002-5 · Greater Slew Rate/Reduced Icc 

EL2033J HA7-5002-2 · Greater Slew Rate/Reduced Icc 

EL2039CJ HA1-2839-5 Yes Lower Cost 

EL2039CN HA3-2839-5 Yes Lower Cost 

EL2039J HA 1-2839/883 Yes Enhanced ACS/Lower Power/Lower Cost 

EL2039J/883 HA 1-2839/883 Yes Lower Cost 

EL2040CJ HA1-2840-5 Yes Lower Cost 

EL2040CN HA3B2840-5 Yes Lower Cost 

EL2040J HA 1-2840/883 Yes Enhanced ACS/Lower Power/Lower Cost 

EL2040J/883 HA 1-2840/883 Yes Lower Cost 

EL2041CG HA2-2541-5 Yes Enhanced ACS/Lower Power/Lower Cost 

EL2041CJ HA1-2841-5 Yes Enhanced ACS/Lower Power/Lower Cost 

EL2041G HA2-2841/883 Yes Enhanced ACS/Lower Power/Lower Cost 

EL2041J HA 1-2841/883 Yes Enhanced ACS/Lower Power/Lower Cost 

EL2044CN HA3-2841-5 Yes Low Power 

EL2044CN HA3-2841-5 · 
EL2044CS HA9P2841-5 · 
EL2070CN HFA11201P · Better Performance 

EL2070CS HFA1120lB · Better Performance 

EL2070J/883B HFA1120MJ/883 · Better Performance 

EL2071CN HFA1100lP · Better Performance 

EL2071CS HFA1120lB · Better Performance 

EL2071J/883B HFA1120MJ/883 · Better Performance 

EL2072CN HFA1110lP Yes Better Performance 

EL2072CS HFA1110lB Yes Better Performance 

EL2072J/883B HFA1110MJ/883 Yes Better Performance 

EL2073CN HFA3-0005-5 · 
EL2073CS HFA9POO05-5 · 
EL2073J/883B HFA7-0005/883 · 
EL2074CN HFA3-0005-5 · 
EL2074CS HFA9POOO5-5 · 
EL2074J/883B HFA7-0005l883 · 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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.-----Commercial Linear Product Cross Reference (Continued)----, 

PART NUMBER HARRIS DEVICE PIN·TO-PIN HARRIS ADVANTAGE/COMMENT 

EL2075CN HFA3·0002·5 · 
EL2075CS HFA9POOO2·5 · 
EL2075J1883B HFA7·0002/883 · 
EL2120CN HA3·5020·5 Yes Lower Power 

EL2120CS HA9P5020·5 Yes Lower Power 

EL2130CN HFAll00lP Yes Better Performance 

EL2130CS HFAll00lB Yes Better Performance 

EL2171CN HFAll00lP Yes Better Performance 

EL2171CS HFAll00lB Yes Better Performance 

EL2171J/883B HFA 11 OOIJ/883 Yes Better Performance 

EL2190G HA2·5190·2 Yes 
EL2190J HA1·5190·2 Yes 
EL2195CG HA2·5195·5 Yes 
EL2195CJ HA1·5195·5 Yes 
EL400CN HFAl1201P · Better Performance 

EL400CS HFAl120lB · Better Performance 

EL400J/883B HFAl120MJ/883 · Better Performance 

ELHOO32CG HA2·2542·5 · 
ELHOO32G HA2·2542·2 · 
ELHOO33CG HA2·5033·5 · Greater Bandwidth 

ELHOO33G HA2·5033·2 · Greater Bandwidth 

HOS050 HA2·2542·2 · Lower Cost 

HOS050A HA2·2542·2 · Lower Cost 

HOS050C HA2·2542·2 · Lower Cost 

HOS·l00AH HA2·5033·2 · Greater Bandwidth/Lower Cost 

HOS·l00SH HA2·5033·2 · Greater Bandwidth/Lower Cost 

ICL7611ACPA ICL7611ACPA Yes 
ICL7611ACTV ICL7611 ACTV Yes 
ICL7611AMTV ICL7611AMTV Yes 
ICL7611BCPA ICL7611BCPA Yes 
ICL7611 BCTV ICL7611BCTV Yes 
ICL7611 BMTV ICL7611 BMTV Yes 
ICL7611DCPA ICL7611 DCPA Yes 
ICL7611DCSA ICL7611 DCBA Yes 
ICL7611DCTV ICL7611DCTV Yes 
ICL7611DMTV ICL7611DMTV Yes 
ICL7612ACPA ICL7612ACPA Yes 
ICL7612ACTV ICL7612ACTV Yes 
ICL7612AMTV ICL7612AMTV Yes 
ICL7612BCPA ICL7612BCPA Yes 
ICL7612BCTV ICL7612BCTV Yes 
ICL7612BMTV ICL7612BMTV Yes 
ICL7612DCPA ICL7612DCPA Yes 
ICL7612DCSA ICL7612DCBA Yes 
ICL7612DCTV ICL7612DCTV Yes 
ICL7612DMTV ICL7612DMTV Yes 
ICL7621ACPA ICL7621ACPA Yes 

• Primary pins are pin·to·pin; Secondary/optional pins are not 
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.---Commercial Linear Product Cross Reference (Contlnued)----, 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

ICL7621 ACTV ICL7621ACTV Yes 
ICL7621AMTV ICL7621AMTV Yes 
ICL7621 BCPA ICL7621BCPA Yes 
ICL7621 BCTV ICL7621BCTV Yes 
ICL7621 BMTV ICL7621BMTV Yes 
ICL7621DCPA ICL7621DCPA Yes 
ICL7621 DCSA ICL7621DCBA Yes 
ICL7621DCTV ICL7621DCTV Yes 
ICL7621 DMTV ICL7621DMTV Yes 
ICL7641CCPD ICL7641CCPD Yes 
ICL7641 ECPD ICL7641 ECPD Yes 
ICL7642CCJD ICL7642CCJD Yes 
ICL7642CCPD ICL7642CCPD Yes 
ICL7642CMJD ICL7642CMJD Yes 
ICL7642ECJD ICL7642ECJD Yes 
ICL7642ECPD ICL7642ECPD Yes 
ICL7642EMJD ICL7642EMJD Yes 
ICL7650BCPA-1 ICL7650SCPA-1 Yes Reduced Viollbias 

ICL7650BCPD ICL7650SCPD Yes Reduced Viollbias 

ICL7650BCTV-1 ICL7650SCTV-1 Yes Reduced Viollbias 

ICM72421PA ICM72421PA Yes 
ICM7555CD ICM7555CBA Yes 
ICM7555CN ICM75551PA Yes Wider Operating Voltage Range 

ICM75551N ICM7555IPA Yes Wider Operating Voltage Range 

ICM75551PA ICM7555IPA Yes Wider Operating Voltage Range 

ICM75551TV ICM7555ITV Yes 
ICM7555MTV ICM7555MTV Yes 
ICM7556IPD ICM7556IPD Yes Wider Operating Supply Range 

ICM7556MJD ICM7556MJD Yes Wider Operating Supply Range 

KF351N CA3140E Yes Reduced Ibias/lio 

KS272ACN CA5260AE Yes Specified @ +5V Supply 

KS272AIN CA5260AE Yes Specified @ +5V Supply 

KS272CN CA5260E Yes Specified @ +5V Supply 

KS272IN CA5260E Yes Specified @ +5V Supply 

KS274CN CA5470E Yes Greater Bandwidth/Spec. @ +5V Supply 

KS2741N CA5470E Yes Greater Bandwidth/Spec. @ +5V Supply 

LF157H CA3130AT Yes Reduced Ibias 

LF198AH HA1-2420-2 (CDIP) No Faster Acquisition 

LF198H HA1-2420-2 (CDIP) No Faster Acquisition 

LF351D CA3140M Yes Reduced Ibiasllio 

LF351H CA3140T Yes Reduced Ibiasllio 

LF351M CA3140M Yes Reduced Ibiasllio 

LF351N CA3140E Yes Reduced Ibiasllio 

LF351P CA3140E Yes Reduced Ibiasllio 

LF353N CA3240E Yes Reduced Ibiasllio 

LF353P CA3240E Yes Reduced Ibiasllio 

LF357AH CA3130AT Yes Reduced Ibias 

• Primary pins are Pin-to-rin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued)----, 

PART NUMBER HARRIS DEVICE PIN-To-PIN HARRIS ADVANTAGE/COMMENT 

LF357H CA3130T Yes Reduced Ibias/lio 

LF357M CA3130M Yes Reduced IbiaS/lio 

LF357N CA3130E Yes Reduced IbiaS/lio 

LF398AH HA1-2425·5 (CDIP) No Faster Acquisition 

LF398AN HA3-2425·5 No Faster Acquisition 

LF398H (CAN) HA1·2425·5 (CDIP) No Faster Acquisition 

LF398N HA3-2425·5 No Faster Acquisition 

LF400CH CA3100T · SimiiarACs 

LF411CD CA3140AM Yes Reduced IbiaS/lio 

LF411CH CA3140AT Yes Reduced IbiaS/lio 

LF411CN CA3140AE Yes Reduced Ibias/lio 

LF411CP CA3140AE Yes Reduced IbiaS/lio 

LF411MH CA3140AT Yes Reduced IbiaS/lio 

LF412CD CA3240AE Yes Reduced IbiaS/lio 

LF412CN CA3140AE Yes Reduced IbiaS/lio 

LF412CP CA3240AE Yes Reduced IbiaS/lio 

LHOOO2CH HA2·5002-5 · Enhanced ACS/DCslMonolithic 

LHOOO2CN HA3·5002-5 No Enhanced ACS/DCslMonolithic 

LHOOO2H HA2·5002·2 · Enhanced ACs/DCslMonolithic 

LHOO22CD CA3140AE (PDIP) No Greater Bandwidth/Slew Rate 

LHOO22CH CA3140AT Yes Greater Bandwidth/Slew Rate 

LHOO32ACG HA2·2542·S Yes Monolithic/Lower Cost 

LHOO32AG HA2·2542·2 Yes Monolithic/Lower Cost 

LHOO32CG HA2·2542·5 Yes Monolithic/Lower Cost 

LHOO32G HA2·2542·2 Yes Monolithic/Lower Cost 

LHOO33ACG HA2·5033-5 · Greater Bandwidth/Monolithic/Lower Cost 

LHOO33AG HA2·5033·2 · Monolithic/Lower Cost 

LHOO33CG HA2·5033·5 * Greater Bandwidth/Monolithic/Lower Cost 

LHOO33CJ HA3·5033·5 · Monolithic/Lower Cost 

LHOO33G HA2·5033·2 · Monolithic/Lower Cost 

LHOO42CD CA3140E (PDIP) No Greater Bandwidth/Slew Rate 

LHOO42CH CA3140T Yes Greater Bandwidth/Slew Rate 

LH4004CD HA1·5004·5 No Monolithic/Lower Cost 

LH4004D HA1-5004·9 No MonolithiclLower Cost 

LH4161CH HA2·2544-5 No PDIP Substitute is HA3·2544C·5 

LH4161CJ HA7·2544-5 No 

LH4161H HA2·2544·2 No 

LH4161J HA7·2544·2 No 

LM143H HA2·2640·2 · Enhanced ACs 

LM193H CA3290AT Yes MOSFET Input 

LM2901N CA3290AE Yes MOSFET Input 

LM2903N CA3290AE Yes MOSFET Input 

LM293H CA3290AT Yes MOSFET Input 

LM3045J CA3045F Yes 

LM3046D CA3046M Yes 

LM3046N CA3046E Yes 

LM3080AN CA3080AE Yes 

• Primary pins are pin· to· pin; Secondary/optional pins are not 
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,.....-- Commercial Linear Product Cross Reference (Continued)----, 

PART NUMBER HARRIS DEVICE PIN·TO-PIN HARRIS ADVANTAGE/COMMENT 

LM3080N CA3080E Yes 
LM3086J CA3086F Yes 
LM3086M CA3086M Yes 
LM3086N CA3086 Yes 
LM3146M CA3146M Yes Enhanced 'Au Version Offered 

LM3146N CA3146E Yes Enhanced "A· Version Offered 

LM3302N CA3290EILM3302N Yes 
LM343H HA2-2645-5 " Enhanced ACs 

LM393H CA3290AT Yes MOSFET Input 

LM393N CA3290AE Yes MOSFET Input 

LM556CN ICM7556IPD Yes CMOS/Reduced Icc 

LM604ACM HA9P2406-5 No Enhanced ACs 

LM604ACN HA3-2406-5 No Enhanced ACs 

LM604AMJ HA1-240()"2 No Enhanced ACs 

LM604CM HA9P2406-5 No Enhanced ACs 

LM604CN HA3-2406-5 No Enhanced ACs 

LM6118J HA7-5222-9 Yes LowerVio 

LM6161J HA7-2544-2 " Guaranteed Differential Phase/Gain 

LM6164J HA1-519()"2 No Reduced Voltage Noise 

LM6165J HA1-2540-2 No Enhanced Slew Rate/Avol 

LM6218AH HA2-5222-9 No LowerVio 

LM6218AJ HA7-5222-9 Yes LowerVio 

LM6361N HA3-2544C-5 . Guaranteed Differential Phase/Gain 

LM6364N HA1-5195-5 No Reduced Voltage Noise 

LM6365N HA3-2540C-5 No Enhanced Slew Rate/Avol 

LMC555CH ICM75551TV Yes Reduced IcclWider Supply Range 

LMC555CM ICM7555CBA Yes Reduced IcclWider Supply 7yRange 

LMC555CN ICM7555IPA Yes Reduced IcclWider Supply Range 

LMC668ACJ ICL7650SIJD Yes Enhanced DCs 

LMC668ACJ-8 ICL7650SIJA-1 Yes Enhanced DCs 

LMC668ACN ICL7650SIPD Yes Enhanced DCs 

LS204AT HA2-5102-2 Yes Reduced Noise Voltage 

LS204CB HA3-51 02-5 Yes Reduced Noise Voltage 

LS204CM HA9P-51 02-5 Yes Reduced Noise Voltage 

LS204CT HA2-5102-5 Yes Reduced Noise Voltage 

LS204T HA2-51 02-2 Yes Reduced Noise Voltage 

LS404CB HA3-51 04-5 Yes Reduced Noise Voltage 

LS404CM HA9P-51 04-5 Reduced Noise Voltage 

LS404M HA9P-5104-9 Reduced Noise Voltage 

LS776CB CA3440AE Yes MOSlnput 

LS776T CA3440AT Yes MOS Input 

LT1001CH HA2-5177-5 Yes Enhanced ACsiReduced Icc 

LT1001CJ8 HA7-5177-5 Yes Enhanced ACsiReduced Icc 

LT1001MH HA2-5177-2 Yes Enhanced ACsiReduced Icc 

LTI 001 MJ8 HA7-5177-2 Yes Enhanced ACslReduced Icc 

LT1014ACJ HA1-5134A-5 Yes Reduced VioIEnhanced ACs 

LT1014ACJ HA5234IJ Yes Lower Cost. Better ACs 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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.----Commercial Linear Product Cross Reference (Continued)-~ 

PART NUMBER HARRIS DEVICE PIN-To-PIN HARRIS ADVANTAGE/COMMENT 

LT1014AMJ HAl-5134A-2 Yes Reduced VioiEnhanced ACs 

LT1014CJ HAl-5134-5 Yes Reduced Via/Enhanced ACs 

LT1014CN HA5234IP Yes Lower Cost, Better ACs 

LT1014DN HA52341P Yes Lower Cost, Better ACs 

LT1014MJ HAl-5134-2 Yes Reduced VioiEnhanced ACs 

LT1022CH HA2-5160-5 * Greater Bandwidth/Slew Rate 

LT1022MH HA2-5160-2 * Greater Bandwidth/Slew Rate 

LT1037ACH HA2-5137 A-5 Yes Enhanced ACslReduced Icc 

LT1037ACJ8 HA7-5137A-5 Yes Enhanced ACslReduced Icc 

LT1037AMH HA2-5137A-2 Yes Enhanced ACslReduced Icc 

LT1037AMJ8 HA7 -5137 A-2 Yes Enhanced ACslReduced Icc 

LT1037CH HA2-5137-5 Yes Enhanced ACslReduced Icc 

LT1037CJ8 HA7-5137-5 Yes Enhanced ACslReduced Icc 

LT1037MH HA2-5137-2 Yes Enhanced ACslReduced Icc 

LT1037MJ8 HA7-5137-2 Yes Enhanced ACslReduced Icc 

LTl126ACN8 HA3-5222-5 Yes 
LTl126AMJ8 HA7 -52221883 Yes 
LTl126CJ8 HA7-5222-5 Yes 
LT1126CN8 HA3-5222-5 Yes 
LTl126MJ8 HA7 -52221883 Yes 
LTl19OCJ8 HFA7-QOO5-5 . Much Wider Bandwidth 

LTl19OCN8 HFA3-0005-5 * Much Wider Bandwidth 

LTl190CS8 HFA9POOO5-5 . Much Wider Bandwidth 

LTl190MJ8 HFA7-0005/883 * Much Wider Bandwidth 

LTl191CJ8 HFA7-0005-5 * Much Wider Bandwidth 

LTl191CN8 HFA3-0005-5 * Much Wider Bandwidth 

LTl191CS8 HFA9POOO5-5 * Much Wider Bandwidth 

LTl191MJ8 HFA7-0005l883 * Much Wider Bandwidth 

LT1192CJ8 HFA7-0002-5 * For Gains> 1 0 

LTl192CN8 HFA3-0002-5 * For Gains> 10 

LTl192CS8 HFA9POOO2-5 * For Gains> 10 

LTl192MJ8 HFA7-0002l883 * For Gains> 10 

LT122OCN8 HA3-2841-5 Yes 
LT1221CN8 HA3-2841-5 Yes 
LT1221MJ8 HA7 -2841/883 Yes 
LT1222CJ8 HA7-2840-5 * 

LT1222CN8 HA3-2840-5 * 

LT1222MJ8 HA7-2840/883 * 

LT1223CJ8 HA7-5020-5 Yes Better Video Specifications 

LT1223CJ8 HA7-5020-5 Yes Enhanced ACs and Video Performance 

LT1223CN8 HA3-5020-5 Yes Better Video Specifications 

LT1223CN8 HA3-5020-5 Yes Enhanced ACs and Video Performance 

LT1223CS8 HA9P5020-5 Yes Enhanced ACs and Video Performance 

LT1223CS8 HA9P5020-5 Yes Better Video Specifications 

LT1223MJ8 HA7-5020/883 Yes Better Video Specifications 

LT1223MJ8 HA7 -5020/883 Yes Enhanced ACs and Video Performance 

LT1224CN8 HA3-2841-5 Yes Better Video Specifications 

* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued)----, 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

LT1224CS8 HA9P2841-5 Yes Better Video Specifications 

LT1224MJ8 HA7-2841/883 Yes Better Video Specifications 

LT1225CN8 HA3-2841-5 Yes ForGains>5 

LT1225CS8 HA9P2841-5 Yes For Gains> 5 

LT1225MJ8 HA7-2841/883 Yes For Gains> 5 

LT1226CJ8 HA7-2840-5 * For Gains> 25 

LT1226CN8 HA3-2840-5 * For Gains> 25 

LT1226CS8 HA9P2840-5 * For Gains> 25 

LT1226MJ8 HA7-28401883 * For Gains> 25 

LT1227CN8 HA3-5020-5 Yes Lower Cost 

LT1227CS8 HA9P5020-5 Yes Lower Cost 

LT1227MJ8 HA7-50201883 Yes Lower Cost 

LTC1050ACH ICL7650SITV-1 * Reduced Ibiasllio 

LTC1050ACN8 ICL7650SIPA-1 * Reduced Ibias/lio 

LTC1050AMH ICL7650SMTV-1 * Reduced Ibias/lio 

LTC 1 050C H ICL7650SITV-1 * Reduced Ibias/lioiGreater Avol 

LTC1050CN8 ICL7650SIPA-1 * Reduced IblasilioiGreater Avol 

LTC 1 050C P ICL7650SIPA-1 * Reduced Iblas/llo 

LTC1050MH ICL7650SMTV-1 * Reduced Iblas/lioiGreater Avol 

MAX460IGC HA2-5033-5 * Greater Bandwidth 

MAX460MGC HA2-5033-2 * Greater Bandwidth 

MAX9685CJE HFA1-0003L-5 Yes Better Performance 

MAX9685CPE HFA3-0003L-5 Yes Better Performance 

MAX9685CSE HFA9POOO3L-5 Yes 
MAX9685ClW HFA2-0003L-5 Yes Better Performance 

MAX9690CJA HFA1-0003L-5 Yes Better Performance 

MAX9690CPA HFA3-0003-5 Yes Better Performance 

MAX9690CSA HFA9POOO3-5 Yes 
MCl776CD ICL7611 DCBA Yes Lower Power Drain 

MCl776CG ICL7611 BCTV Yes Lower Power Drain 

MCl776CP1 ICL7611BCPA Yes Lower Power Drain 

MCl776G ICL7611 BMTV Yes Lower Power Drain 

MC3302N CA3290E Yes MOSFET Input 

MC3303D CA5470M Yes MOS InputlEnhanced ACs 

MC3303N CA5470E Yes FEMOS InputlEnhanced ACs 

MC33071P CA3140AE Yes Reduced Ibiasllio 

MC33072P CA3240AE Yes Reduced Ibiasllio 

MC3346D CA3046M Yes Full - 55 to 125 Degrees C Operation 

MC3346P CA3046E Yes Full-55 to 125 Degrees C Operation 

MC34001BG CA3140AT Yes Reduced Ibiasilio 

MC34001BP CA3140AE Yes Reduced Iblas/llo 

MC34001G CA3140T Yes Reduced Ibias/lio 

MC34001P CA3140E Yes Reduced Iblas/lio 

MC34002BG CA3240AT Yes Reduced Ibias/lio 

MC34002BP CA3240AE Yes Reduced IblaS/llo 

MC34002G CA3240T Yes Reduced Ibiasilio 

MC34002P CA3240E Yes Reduced Ibias/lio 

* Primary pins are pin-terpin; Secondary/optional pins are not 
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.----Commercial Linear Product Cross Reference (Continued)---, 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

MC3403D CA5470M Yes MOS InpuVEnhanced ACs 

MC3403N CA5470E Yes MOS InpuVEnhanced ACs 

MC34071P CA3140AE Yes Reduced Ibiasllio 

MC34072P CA3240AE Yes Reduced Ibias/lio 

MC3456L ICM7556MJD Yes CMOS/Reduced Icc 

MC3456P ICM75561PD Yes CMOS/Reduced Icc 

MC3556L ICM7556MJD Yes CMOS/Reduced Icc 

MC668ACN-8 ICL7650SCPA-1 Yes Enhanced DCs 

NE5230N CA5160AE No MOS Input 

NE5517AN CA3280AE No Reduced Vio 

NE5517D CA3280M No Reduced Vio 

NE5517N CA3280E No ReducedVio 

NE5532AFE HA7-51 02-5 Yes Enhanced DCslReduced Icc 

NE5532AN HA3-51 02-5 Yes Enhanced DCslReduced Icc 

NE5532FE HA7-51 02-5 Yes Enhanced DCslReduced Icc 

NE5532N HA3-51 02-5 Yes Enhanced DCslReduced Icc 

NE5534AFE HA7-5101-5 · Enhanced DCs 

NE5534AN HA3-51 01-5 · Enhanced DCs 

NE5534FE HA7-5101-5 · Enhanced DCs 

NE5534N HA3-5101-5 · Enhanced DCs 

NE5539D HA9P-2539-5 · Specified @ +/- 15V Supplies 

NE5539F HA1-2839-5 · Specified @ +/-15V Supplies 

NE5539N HA3-2839-5 · Specified @ +/- 15V Supplies 

NE556N ICM75561PD Yes CMOS/Reduced Icc 

NE556-1N ICM75561PD Yes CMOS/Reduced Icc 

OP11AY HA1-5134-2 Yes Enhanced ACs 

OP11EY HA1-5134-5 Enhanced ACs 

OP11FY HA1-5104-5 Yes Enhanced ACs 

OP160GP HA3-5020-9 Yes 

OP160GS HA9P5020-5 Yes 

OP215GZ CA3240AE (PDIP) Yes 

OP220CJ HA2-5142-2 Yes Enhanced ACs 

OP220CZ HA7-5142-2 Yes Enhanced ACs 

OP220GJ HA2-5142-5 Yes Enhanced ACs 

OP220GZ HA7-5142-5 Yes Enhanced ACs 

OP271AZ HA7-51 02-2 Yes Lower Voltage Noise/Greater Bandwidth 

OP271EZ HA7-51 02-5 Yes Lower Voltage Noise/Greater Bandwidth 

OP271FZ HA7-51 02-5 Yes Lower Voltage Noise/Greater Bandwidth 

OP271GP HA3-51 02-5 Yes Lower Voltage Noise/Greater Bandwidth 

OP271GS HA9P-51 02-9 Yes Lower Voltage Noise/Greater Bandwidth 

OP27AH HA2-5127A-2 Yes Enhanced ACslReduced Icc 

OP27AJ HA2-5127A-2 Yes Enhanced ACslReduced Icc 

OP27AJ8 HA7-5127A-2 Yes Enhanced ACslReduced Icc 

OP27AZ HA7-5127A-2 Yes Enhanced ACslReduced Icc 

OP27CH HA2-5127-2 Yes Enhanced ACslReduced Icc 

OP27CJ HA2-5127-2 Yes Enhanced ACslReduced Icc 

OP27CJ8 HA7-5127-2 Yes Enhanced ACslReduced icc 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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.---Commercial Linear Product Cross Reference (Continued)-~ 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

OP27CZ HA7-S127-2 Yes Enhanced ACsiReduced Icc 

OP27EH HA2-S127A-S Yes Enhanced ACsiReduced Icc 

OP27EJ HA2-S127A-S Yes Enhanced ACsiReduced Icc 

OP27EJ8 HA7-S127A-S Yes Enhanced ACsiReduced Icc 

OP27EZ HA7-S127A-S Yes Enhanced ACsiReduced Icc 

OP27GH HA2-S127-5 Yes Enhanced ACsiReduced Icc 

OP27GJ HA2-S127-5 Yes Enhanced ACsiReduced Icc 

OP27GJ8 HA7-5127-5 Yes Enhanced ACsiReduced Icc 

OP27GZ HA7-5127-S Yes Enhanced ACsiReduced Icc 

OP37AH HA2-5137A-2 Yes Enhanced ACsiReduced Icc 

OP37AJ HA2-S137A-2 Yes Enhanced ACsiReduced Icc 

OP37AJ8 HA7-S137A-2 Yes Enhanced ACsiReduced Icc 

OP37AZ HA7-S137A-2 Yes Enhanced ACsiReduced Icc 

OP37CH HA2-S137-2 Yes Enhanced ACsiReduced Icc 

OP37CJ HA2-S137-2 Yes Enhanced ACsiReduced Icc 

OP37CJ8 HA7-5137-2 Yes Enhanced ACsiReduced Icc 

OP37CZ HA7-S137-2 Yes Enhanced ACsiReduced Icc 

OP37EH HA2-<;137A-S Yes Enhanced ACsiReduced Icc 

OP37EJ HA2-5137A-5 Yes Enhanced ACsiReduced Icc 

OP37EJ8 HA7-5137A-S Yes Enhanced ACsiReduced Icc 

OP37EZ HA7-5137A-5 Yes Enhanced ACsiReduced Icc 

OP37GH HA2-S137-S Yes Enhanced ACsiReduced Icc 

OP37GJ HA2-S137-S Yes Enhanced ACsiReduced Icc 

OP37GJ8 HA7-S137-S Yes Enhanced ACsiReduced Icc 

OP37GZ HA7-5137-5 Yes Enhanced ACsiReduced Icc 

OP400AY HA 1-S134A-2 Yes 

OP400EY HA 1-5134A-S Yes 

OP400EY HAS2341J Yes Lower Cost, Better ACs 

OP400FY HA1-S134-S Yes 

OP400FY HA52341J Yes Lower Cost, Better ACs 

OP400GP HAS2341P Yes Lower Cost, Better ACs 

OP400GS HA52341B Yes Lower Cost, Better ACs 

OP400HP HAS2341P Yes Lower Cost, Better ACs 

OP400HS HAS234IB Yes Lower Cost, Better ACs 

OP41EJ CA3193AT Yes Reduced ViolNoise Voltage 

OP41FJ CA3193T Yes Reduced ViolNoise Voltage 

OP41GP CA3193E Yes Reduced Vio/Noise Voltage 

OP420BY HA1-S144-2 Yes Enhanced ACs 

OP420CY HA1-Sl44-2 Yes Enhanced ACs 

OP420HY HA1-Sl44-S Yes Enhanced ACs 

OP470AY HA1-S104-2 Yes 

OP470EY HA1-Sl04-S Yes 

OP470FY HA1-S104-5 Yes 

OP470GP HA3-5104-S Yes 

OP470GS HA9P5104-S Yes 

OP47AD HA7-5147A-2 Yes Greater Bandwidth/Min Acl=lO 

OP47AT HA2-S147A-2 Yes Greater Bandwidth/Min Acl=lO 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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,.---Commercial Linear Product Cross Reference (Continued)--, 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

OP47CD HA7-S147-2 Yes Greater Bandwidth/Min AcI-10 

OP47CT HA2-S147-2 Yes Greater Bandwidth/Min AcI=1 0 

OP47EN HA7-S147A-S (CDIP) Yes Greater Bandwidth/Min AcI=10 

OP47GN HA7-S147-S (CDIP) Yes Greater Bandwidth/Min AcI=1 0 

OP62AJ HA2-S221-9 · Greater Slew Rate 

OP62AZ HA7-S221-9 · Greater Slew Rate 

OP62EJ HA2-S221-9 · Greater Slew Rate 

OP62EZ HA7-S221-9 · Greater Slew Rate 

OP62FJ HA2-S221-9 · Greater Slew Rate 

OP62FZ HA7-S221-9 · Greater Slew Rate 

OP63AJ HA2-S221-9 · Reduced Vio 

OP63AZ HA7-S221-9 · Reduced Vio 

OP63EJ HA2-S221-9 · Reduced Vio 

OP63EZ HA7-S221-9 · Reduced Vio 

OP63FJ HA2-S221-9 · Reduced Vio 

OP63FZ HA7-S221-9 · Reduced Vio 

OP64AJ HA2-S221-9 · Reduced Vio 

OP64AZ HA7-S221-9 · Reduced Vio 

OP64EJ HA2-S221-9 · Reduced Vio 

OP64EZ HA7-S221-9 · Reduced Vio 

OP64FJ HA2-S221-9 · Reduced Vio 

OP64FZ HA7-S221-9 · Reduced Vlo 

OP6SAJ HA2-2548-9 · Lower ViolGuaranteed Ts 

OP6SAZ HA7-2548-9 · Lower ViolGuaranteed Ts 

OP6SEJ HA2-2548-9 · Lower ViolGuaranteed Ts 

OP6SEZ HA7-2548-9 · Lower ViolGuaranteed Ts 

OP6SFJ HA2-2548-9 · Lower ViolGuaranteed Ts 

OP6SFZ HA7-2548-9 · Lower ViolGuaranteed Ts 

OP6SGP CA34S0E No Greater Bandwidth /Slew Rate 

OP77BJ HA2-S177-2 Yes Greater Bandwidth/Reduced Icc 

OP77BZ HA7-S177-2 Yes Greater Bandwidth/Reduced Icc 

OP77FJ HA2-S177-S Yes Greater Bandwidth/Reduced Icc 

OP77FZ HA7-S177-S Yes Greater Bandwidth/Reduced Icc 

OP80FJ CA5420AT · Single Supply Operation 

OP80GJ CA5420T · Single Supply Operation 

OP80GP CA5420E · Single Supply Operation 

OPA121KP CA3140AE · MOS InpuVEnhanced ACs 

OPA2111KM HA2-S102-S Yes Greater Bandwidth 

OPA2111KP HA3-S102-S Yes Greater Bandwidth 

OPA27AJ HA2-S127A-2 Yes Enhanced ACslReduced Icc 

OPA27AZ HA7-S127A-2 Yes Enhanced ACslReduced Icc 

OPA27CJ HA2-S127-2 Yes Enhanced ACslReduced Icc 

OPA27CZ HA7-S127-2 Yes Enhanced ACslReduced Icc 

OPA27EJ HA2-S127A-S Yes Enhanced ACslReduced Icc 

OPA27EZ HA7-S127A-S Yes Enhanced ACslReduced Icc 

OPA27GJ HA2-S127-S Yes Enhanced ACslReduced Icc 

OPA27GZ HA7-S127-S Yes Enhanced ACslReduced Icc 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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r---Commercial Linear Product Cross Reference (Continued)----, 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

OPA37AJ HA2-5137A-2 Yes Enhanced ACsiReduced Icc 

OPA37AZ HA7-5137A-2 Yes Enhanced ACsiReduced Icc 

OPA37CJ HA2-5137-2 Yes Enhanced ACsiReduced Icc 

OPA37CZ HA7-5137-2 Yes Enhanced ACsiReduced Icc 

OPA37EJ HA2-5137A-5 Yes Enhanced ACsiReduced Icc 

OPA37EZ HA7-5137A-5 Yes Enhanced ACsiReduced Icc 

OPA37GJ HA2-5137-5 Yes Enhanced ACsiReduced Icc 

OPA37GZ HA7-5137-5 Yes Enhanced ACsiReduced Icc 

OPA404AG HAl-5114-5 Yes Lower Vollage Noise/Enhanced ACs 

OPA404BG HAl-5114-5 Yes Lower Voltage Noise/Enhanced ACs 

OPA404KP HA3-5114-5 Yes Lower Voltage Noise/Enhanced ACs 

OPA404KU HA9P-5114-5 Yes Lower Voltage Noise/Enhanced ACs 

OPA404SG HAl-5114-2 Yes Lower Voltage Noise/Enhanced ACs 

OPA445AP HA7-2645-5 Yes 

OPA445BM HA2-2640-2 Yes 

OPA445SM HA2-2640-2 Yes 

OPA620KG HFA7-0005-5 · Enhanced ACs 

OPA620KP HFA3-0005-5 · Enhanced ACs 

OPA620LG HFA7-0005-5 · Enhanced ACs 

OPA620SG HFA7-0005-9 · Enhanced ACs 

OPA621KG HFA7-0002-5 · Lower Voltage NoisefTemco 

OPA621KP HFA3-0002-5 · Lower Voltage NoisefTemco 

OPA621LG HFA7-0002-5 · Lower Voltage Noise/Temco 

OPA621SG HFA7-0002-9 · Lower Voltage NoisefTemco 

OPA633AH HA2-5033-2 Yes 

OPA633KP HA3-5033-5 Yes 

OPA633SH HA2-5033-5 Yes 

OP-15CH CA3140AT Yes Reduced Ibiasllio 

OP-15GN8 CA3140AE Yes Reduced Ibiasllio 

RC3403AN CA5470E Yes MOS InpuVEnhanced ACs 

RC4741D HAl-4741-2 Yes Guaranteed ACs 

RC4741M HA9P-4741-5 Yes Guaranteed ACs 

RC5532AN HA3-51 02-5 Yes Enhanced DCslReduced Icc 

RC5532N HA3-51 02-5 Yes Enhanced DCS/Reduced Icc 

RC5534AN HA3-51 01-5 · Enhanced DCslReduced Icc 

RC5534N HA3-5101-5 · Enhanced DCslReduced Icc 

RM5334T HA2-5101-2 · Reduced Icc 

RM5532AD HA7-51 02-2 Yes Reduced Icc 

RM5532AT HA2-5102-2 Yes Reduced Icc 

RM5532D HA7-51 02-2 Yes Reduced Icc 

RM5532T HA2-51 02-2 Yes Reduced Icc 

RM5534AD HA7-5101-2 · Reduced Icc 

RM5534AT HA2-5101-2 · Reduced Icc 

RM5534D HA7-5101-2 · Reduced Icc 

SA5230N CA5160AE No MOS Input 

SA556N ICM7556IPD Yes CMOS/Reduced Icc 

SA556-1N ICM7556IPD Yes CMOS/Reduced Icc 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Contlnued)---' 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

SE5532AFE HA7-51 02-2 Yes Reduced Icc 

SE5532FE HA7-51 02-2 Yes Reduced Icc 

SE5534AFE HA7-5101-2 · Reduced IbiaS/lio 

SE5534FE HA7-51 01-2 · Reduced IbiaS/lio 

SE5539F HAl-2539-2 · Specified @ +!-15V Supplies 

SE556F ICM7556MJD Yes CMOS/Reduced Icc 

SE556-1CN ICM7556MJD Yes CMOS/Reduced Icc 

SE556-1F ICM7556MJD Yes CMOS/Reduced Icc 

SGl536T HA2-2640-2 · Reduced ViO/Enhanced ACs 

SGl536Y HA7-2640-2 · Reduced Vio/Enhanced ACs 

SG3045J CA3045F Yes 

SG3049T CA3049T Yes Greater Bandwidth/Reduced Noise 

SG3083 CA3083 Yes 

SG3183D CA3183M Yes Identical Specs @ 25 degrees C 

SG3183N CA3183E Yes Identical Specs @ 25 degrees C 

SHC5320KH HAl-5320-5 Yes 

SHC5320SH HAl-5320-2 Yes 

SHC85 HAl-2425-5 No Enhanced ACs 

SHC85ET HAl-2420-2 No Enhanced ACs 

SHM-20C HAl-5320-5 Yes Guaranteed Acquisition Time 

SHM-20M HAl-5320-2 Yes Guaranteed Acquisition Time 

SHM-IC-l HAl-2425-5 Yes Almost Identical 

SHM-IC-1M HAl-2420-2 Yes Almost Identical 

SL3045C-DG CA3045F Yes 

SL3046C-DP CA3046E Yes 

SL3127C-DC CA3127F Yes SOIC Version Available 

SL3127C-DP CA3127E Yes 

SL3145C-DC CA3045F Yes Greater Breakdown Voltages 

SL3145C-DP CA3046E Yes Greater Breakdown Voltages 

SL3227-DP CA3227E Yes Greater Breakdown Voltages 

SL3227-MP CA3227M Yes Greater Breakdown Voltages 

SL3245-DP CA3246E Yes Programmable Biasing Current 

SL3245-MP CA3246M Yes Faster Acquisition/Lower Droop 

SL6310C-DP CA3094E No Faster Acquisition/Lower Droop 

SMP10AY HAl-2420-2 · Faster Acquisition/Lower Droop 

SMP10BY HAl-2420-2 · Faster Acquisition/Lower Droop 

SMP10EY HAl-2425-5 · Faster Acquisition/Lower Droop 

SMP10FY HA1-2425-5 · Faster Acquisition/Lower Droop 

SMP11AY HA1-2420-2 · Faster Acquisition/Lower Droop 

SMP11BY HA1-2420-2 · Faster Acquisition/Lower Droop 

SMP11EY HA1-2425-5 · . 
SMP11FY HA1-2425-5 · . 
SP1-2541-2 HA1-2541-2 Yes 

SP1-2541-5 HA1-2541-5 Yes 

SP1-2542-2 HA1-2542-2 Yes 

SP1-2542-5 HA1-2542-5 Yes 

SPl-5330-2 HAl-5330-2 Yes 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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~-Commercial Linear Product Cross Reference (Contlnued)---' 

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 

8P1-5330-S HA1-5330-S Yes 
8P2-2S00-2 HA2-2500-2 Yes 
8P2-2502-2 HA2-2502-2 Yes 
8P2-2505-5 HA2-2505-5 Yes 
8P2-2510-2 HA2-251 0-2 Yes 
8P2-2512-2 HA2-2512-2 Yes 
8P2-2515-5 HA2-2515-5 Yes 
81'2-2520-2 HA2-2520-2 Yes 8ubstitute HA2-2529-2 

8P2-2522-2 HA2-2522-2 Yes 8ubstltute HA2-2529-~ 

8P2-2525-5 HA2-2525-5 Yes 8ubstltute HA2-2529-5 

8P2-2541-2 HA2-2541-2 Yes 
8P2-2541-5 HA2-2541-5 Yes 
8P2-2542-2 HA2-2542-2 Yes 
8P2-2542-5 HA2-2542-5 Yes 
8P2-2600-2 HA2-2600-2 Yes 
SP2-2602-2 HA2-2602-2 Yes 
8P2-2605-5 HA2-2605-5 Yes 
8P2-2620-2 HA2-2620-2 Yes 
8P2-2622-2 HA2-2622-2 Yes 
8P2-2625-5 HA2-2625-5 Yes 
5P3-2505-5 HA3-2505-5 Yes 
8P3-2515-5 HA3-2515-5 Yes 
8P3-2525-5 HA3-2525-5 Yes 8ubstitute HA3-2529-5 

8P3-2542-5 HA3B2642-5 Yes 
8P3-2605-5 HA3-2605-5 Yes 
8P3-2625-5 HA3-2625-5 Yes 
81'7-2500-2 HA7-2500-2 Yes 
8P7-2502-2 HA7-2502-2 Yes 
8P7-2505-5 HA7-2505-5 Yes 
8P7-2510-2 HA7-251 0-2 Yes 
SP7-2512-2 HA7-2512-2 Yes 
8P7-2515-5 HA7-2515-5 Yes 
8P7-2520-2 HA7-2520-2 Yes 8ubstltute HA7-2529-2 

8P7-2522-2 HA7-2522-2 Yes Substitute HA7-2529-2 

8P7-2525-5 HA7-2525-5 Yes 8ubstitute HA7-2529-5 

8P7-2600-2 HA7-2600-2 Yes 
8P7-2602-2 HA7-2602-2 Yes 
8P7-2605-5 HA7-2605-5 Yes 
SP7-2620-2 HA7-2620-2 Yes 
8P7-2622-2 HA7-2622-2 Yes 
8P7-2625-5 HA7-2625-5 Yes 
TA75393P CA3290AElCA3290E Yes Reduced Ibiaslliollcc 

TA75557F HA9P51 02-9 No Greater Bandwidth/Reduced Vnoise 

TA75557P HA3-5102-5 Yes Greater Bandwidth/Reduced Vnoise 

TA75559F HA9P5112-9 No Greater Bandwidth/Reduced Vnoise 

TA75559P HA3-5112-5 Yes Greater Bandwidth/Reduced Vnoise 

TCA520BN CA5130AE . MOS InputlEnhanced ACs 

• Primary pins are pin-to-pin; 8econdary/optional pins are not 
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...---- Commercial Linear Product Cross Reference (Continued)--, 

PART NUMBER HARRIS DEVICE PIN-To-PIN HARRIS ADVANTAGE/COMMENT 

TCA520TD CA5130M · MOS InpuVEnhanced ACs 

TCA971 CA3146AElCA3046E Yes Greater Vcbo With CA3146 

TCA971G CA3146AMlCA3046M Yes Greater Vcbo With CA3 t 46 

TCA991 CA3146E1CA3046E Yes Greater Vcbo With CA3146 

TCA991G CA3146M1CA3046M Yes Greater Vcbo With CA3146 

TD62507F CA3183AM No All. Product Is CA3083 

TD62507P CA3183AE No All. Product Is CA3083 

TDB2046DP CA3046E Yes Full -55 to 125 Degrees C Operation 

TDB2046FP CA3046M Yes Full -55 to 125 Degrees C Operation 

TLC251ACP CA3440AE · 
TLC251CP CA3440E · 
TLC252ACD CA5260AM Yes Specified @ +5V Supply 

TLC252ACP CA5260AE Yes Specified @ +5V Supply 

TLC252CD CA5260M Yes Specified @ +5V Supply 

TLC252CP CA5260E Yes Specified @ +5V Supply 

TLC254CD CA5470M Yes Specified @ +5V Supply 

TLC254CN CA5470E Yes Specified @ +5V Supply 

TLC272ACD CA5260AM Yes Greater Vout Range/Reduced Icc 

TLC272ACP CA5260AE Yes Greater Vout Range/Reduced Icc 

TLC272AID CA5260AM Yes Greater Vout Range/Reduced Icc 

TLC272AIP CA5260AE Yes Greater Vout Range/Reduced Icc 

TLC272CD CA5260M Yes Greater Vout Range/Reduced Icc 

TLC272CP CA5260E Yes Greater Vout Range/Reduced Icc 

TLC272ID CA5260M Yes Greater Vout Range/Reduced Icc 

TLC2721P CA5260E Yes Greater Vout Range/Reduced Icc 

TLC272MJG CA5260E (PDIP) Yes Greater Vout Range/Reduced Icc 

TLC274CD CA5470M Yes Greater VouVBandwidthlSlew Rate 

TLC274CN CA5470E Yes Greater VouVBandwidth/Slew Rate 

TLC2741D CA5470M Yes Greater VouVBandwidth/Slew Rate 

TLC2741N CA5470E Yes Greater VouVBandwidthlSlew Rate 

TLC274MJ CA5470E (PDIP) Yes Greater VouVBandwidthlSlew Rate 

TLC27M2ACD CA5260AM Yes Greater VouVBandwidthlSlew Rate 

TLC27M2ACP CA5260AE Yes Greater VouVBandwidthlSlew Rate 

TLC27M2AID CA5260AM Yes Greater VouVBandwidthlSlew Rate 

TLC27M2AIP CA5260AE Yes Greater VouVBandwidthlSlew Rate 

TLC27M2CD CA5260M Yes Greater VouVBandwidth/Slew Rate 

TLC27M2CP CA5260E Yes Greater VouVBandwidth/Slew Rate 

TLC27M21D CA5260M Yes Greater VouVBandwidth/Slew Rate 

TLC27M21P CA5260E Yes Greater VouVBandwidthlSlew Rate 

TLC27M2MJG CA5260E (PDIP) Yes Greater VouVBandwidthlSlew Rate 

TLC555CD ICM7555CBA Yes Reduced Icc 

TLC5551P ICM75551PA Yes Reduced Icc 

TLC556CN ICM7556IPD Yes Reduced Icc 

TLC5561N ICM75561PD Yes Reduced Icc 

TLC556MJ ICM7556MJD Yes Reduced Icc 

TP1321 HA-5195 Yes 

TP1322 HA-2520 Yes 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued)---, 

PART NUMBER HARRIS DEVICE PIN·TO-PIN HARRIS ADVANTAGE/COMMENT 

TP1326 HA·2600 Yes 

TP1332 HA·2645 Yes 

TP1339 HA·2620 No 

TP1341 HA·2840 Yes 

TP1342 HA-2839 Yes 

TP1344 HA-5160 Yes 

TP1345 HA-5162 Yes 

TP4856 HAl-2420/25 Yes Guaranteed Acquisition Time 

TP4866 HAl-5320 Yes Guaranteed Acquisition Time 

TSC7650ACPA ICL7650SCPA-l Yes Reduced TempcolVoltage Noise 

TSC7650ACPD ICL7650SCPD Yes Reduced TempcolVoltage Noise 

TSC7650AIJA ICL7650SIJA-l Yes Reduced TempcolVoltage Noise 

TSQ7650AIJD ICL7650SIJD Yes Reduced TempcolVoltage Noise 

UCOP01CN CA3140AE Yes MOSFET Input 

UCOP01GJ CA3140AE (PDIP) Yes MOSFET Input 

ULN2046A-l CA3146E Yes Full -40 to 85 Degree C Operation 

ULN2046L-l CA3146M Yes 

ULN2083A CA3083 Yes Full-55 to 125 Degree C Operation 

ULN2083A-l CA3183E Yes Full -40 to 85 Degree C Operation 

ULN2083L CA3083M Yes Full -55 to 125 Degree C Operation 

ULN2086A CA3086 Yes Full -55 to 125 Degree C Operation 

uPA103G HFA3046B Yes Lower Cost 

uPC357C CA3130E Yes Reduced Ibias 

uPC4741C HA3-4741-5 Yes Guaranteed Specs Over Temp 

uPC4741G2 HA9P4741-5 · Guaranteed Specs Over Temp 

uPD5555C ICM7555CPA Yes Reduced Icc 

uPD5556C ICM7556CPD Yes Reduced Icc 

XR-13600AP CA3280AE No Reduced Vio/Enhanced ACs 

XR·13600CP CA3280E No Reduced Vio/Enhanced ACs 

XR-2242CP ICM72421PA Yes Greatly Reduced Icc 

XR-3403CP CA5470E Yes MOS InpuVEnhanced ACs 

XR-4739CN HA7-5102-5 No Enhanced ACslDCs 

XR-4739CP HA3-51 02-5 No Enhanced ACslDCs 

XR-4741CN HAI-4741-5 Yes Guaranteed Channel Separation 

XR-4741CP HA3-4741-5 Yes Guaranteed Channel Separation 

XR-4741M HAI-4741-2 Yes Guaranteed Channel Separation 

XR-5532AN HA7-51 02-5 Yes Reduced Violl bias 

XR-5532AP HA3-5102-5 Yes Reduced Vio/lbias 

XR-5532N HA7·5102-5 Yes Reduced Vio/l bias 

XR-5532P HA3-51 02-5 Yes Reduced Violl bias 

XR·5534ACN HA7-5101-5 · Greater AvoVReduced Vio 

XR-5534ACP HA3-5101-5 · Greater AvoVReduced Vio 

XR-5534AM HA7-5101·2 · Greater Avol 

XR-5534CN HA7-5101-5 · Greater Avol/Reduced Vio 

XR-5534CP HA3-5101-5 · Greater AvoVReduced Vio 

XR-5534M HA7-5101-2 · Greater Avol 

XR-8038CN ICL8038CCJD Yes 

• Primary pins are pin-to-pin; Secondary/optional pins are not 

1·33 

Z 
.... 0 

~ti 
w:E 
Za:: 
wO 
Ou. 
~ 



.---Commercial Linear Product Cross Reference (Contlnued)--' 

PART NUMBER HARRIS DEVICE PIN· TO-PIN HARRIS ADVANTAGE/COMMENT 

XR·8038CP ICL8038CCPD Yes 
XR·8038M ICL8038AMJD Yes 
XR-8038N ICL8038BCJD Yes 

APPUCATION-SPECIFIC PRODUCTS FOR TELECOMMUNICATION APPUCATIONS 

M3493 CD22M3493 Yes 
M093 CD22M3493 Yes 
MT8812 CD22M3493 Yes 
78A093A CD22M3493 Yes 
M3494 CD22M3494 Yes 
MT8816 CD22M3494 Yes 
TP5089 CD22859 No 

MJ1440 HC5560 No 

MJ1471 HC5560 No 

TCM2201 HC5560 No 

MC145439 HC5560 Yes 
MC142100 CD22100 Yes 
MC142101 CD22101 Yes 
MC142103 CD331 03 Yes 
MJ1471 CD221 03 Yes 
75T202 CD22202 Yes 
75T203 CD22203 Yes 
75T204 CD22204 Yes 
MC145438 CD22204 Yes 
TP3054 CD22354A Yes 
TP3054B CD22354A Yes 
ETC5054 CD22354A Yes 
TP3057 CD22357A Yes 
TP3057B CD22357A Yes 
ETC3057 CD22357A Yes 

• Primary pins are pin-to-pin; Secondary/optional pins are not 
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Data Acquisition Products 

AID CONVERTERS DISPLAY 
CA31621CA3162A AID Converter for 31/2-Digit Display 

ICL71C03llCL8052 

ICL71 C03llCL8068 

ICL7106 

ICL7107 

ICL711617117 

ICL7126 

ICL7129 

ICL7136 

ICL7137 

ICL7139 

ICL7149 

HI-716617167 

Precision 41/2-Digit AID Converter 

Precision 4'/2-Digit AID Converter 

3'/2-Digit LCD Single-Chip AID Converter 

3'/2-Digit LED Single-Chip AID Converter 

3'/2-Digit with Display Hold Single-Chip AID Converter 

3'/2-Digit Low Power Single-Chip AID Converter 

4'/2-Digit LCD Single-Chip AID Converter 

31/2-Digit LCD Low Power AID Converter 

31/2-Digit LED Low Power Single-Chip AID Converter 

3%-Digit Autoranging Multimeter 

Low Cost 33/4-Digit Autoranging Multimeter 

Improved 3'/2 Digit LCDILED Single Chip AID Converters 

AID CONVERTERS INTEGRATING 
HI-7159 

ICL7104/ICL8052 

ICL7104/1CL8068 

ICL7109 

ICL7135 

Microprocessor-Compatible 5'/2-Digit AID Converter 

14/16-Bit IlP-Compatible 2-Chip AID Converter 

14/16-Bit IlP-Compatible 2-Chip AID Converter 

12-Bit IlP-Compatible AID Converter 

4'/2-Digit BCD Output AID Converter 

AID SUCCESSIVE APPROXIMATION 
ADC0802l3l4 8-Bit IlP-Compatible AID Converter 

CA331 O/CA331 OA CMOS 10-Bit AID Converter with Intemal Track and Hold 

HI-574A Fast. Complete 12-Bit AID Converter with Microprocessor Interface 

HI5812 Low Power. Sampling 12-Bit AID Converter 

HI-674A 121ls. Complete 12-Bit AID Converter with Microprocessor Interface 

HI-n4 81lS Complete 12-Bit AID Converter with Microprocessor Interface 

HI-7153 8-ChanneI10-Bit High-Speed AID Converter with Track and Hold 

AID CONVERTERS FLASH 
CA3304 

CA3306 

CA3318 

HI-5700 

HI-5701 

HI-5800 

CMOS Video-Speed 4-Bit Flash AID Converter 

CMOS Video-Speed 6-Bit Flash AID Converter 

CMOS Video-Speed 8-Bit Flash AID Converter 

8-Bit. 20MSPS Flash AID Converter 

6-Bit. 30MSPS Flash AID Converter 

12-Bit. 3MSPS Sampling AID Converter 

FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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,..-------Data Acquisition Products (Continued) ---------, 

D/A CONVERTERS 
AD7520 

AD7521 

AD7530 

AD7531 

AD7523 

AD7533 

AD7541 

AD7545 

CA3338 

HI-565A 

HI·DAC80V 

HI·DAC85V 

10112-Bit Multiplying DIA Converter 

10112-Bit Multiplying DIA Converter 

1 0/12-Bit Multiplying DIA Converter 

1 0/12-Bit Multiplying D1 A Converter 

8-Bit Multiplying D/A Converter 

1 O·Bit Multiplying D/A Converter 

12-Bit Multiplying D/A Converter 

12-Bit Buffered Multiplying CMOS DAC 

CMOS Video·Speed 8-Bit R-2R D/A Converter 

High·Speed Monolithic D/A Converter with Reference 

12-Bit, Low Cost, Monolithic D/A Converter 

12-Bit, Low Cost, Monolithic D/A Converter 

ANALOG SWITCHES 
DG200 

DG201 

DG201A 

DG202 

DG211 

DG212 

DG300A 

DG301A 

DG302A 

DG303A 

DG308A 

DG309 

DG401/403/405 

DG411/4121413 

DG441/442 

HI-200 

HI-201 

HI-201HS 

HI-222 

HI-300 

HI-301 

HI-302 

HI-303 

HI-304 

HI-305 

Dual SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Dual SPST TTL Compatible CMOS Analog Switch 

SPDT TTL Compatible CMOS Analog Switch 

Dual DPST TTL Compatible CMOS Analog Switch 

Dual SPDT TTL Compatible CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 

Dual CMOS Analog Switches 

Quad SPST CMOS Analog Switches 

Quad SPST CMOS Analog Switches 

Dual SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

High·Speed Quad SPST CMOS Analog Switch 

High Frequency Video Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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,-------Data Acquisition Products (Continued) ----------, 

ANALOG SWITCHES (Continued) 

HI-306 

HI-307 

HI-381 

HI-384 

HI-387 

HI-390 

HI-S040 

HI-S041 

HI-S042 

HI-S043 

HI-S044 

HI-S04S 

HI-S046 

HI-S046A 

HI-S047 

HI-S047A 

HI-S048 

HI-S049 

HI-SOSO 

HI-SOS1 

IH401A 

IHS040 

IHS041 

IHS042 

IHS043 

I HS044 

IHS04S 

IHS046 

IHS047 

IHSOS2 

IHSOS3 

IHS140 

IHS141 

IHS142 

IHS143 

IHS144 

IHS14S 

IHS148 

IHS149 

Dual DPST CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

SPST CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

DPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

DPDT CMOS Analog Switch 

DPDT CMOS Analog Switch 

4PST CMOS Analog Switch 

4PST CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Quad Varafet Analog Switch 

SPST 7S Ohm High-Level CMOS Analog Switch 

Dual SPST 7S Ohm High-Level CMOS Analog Switch 

SPDT 7S Ohm High-Level CMOS Analog Switch 

Dual SPDT 7S Ohm High-Level CMOS Analog Switch 

DPST 7S Ohm High-Level CMOS Analog Switch 

Dual DPST 7S Ohm High-Level CMOS Analog Switch 

DPDT 7S Ohm High-Level CMOS Analog Switch 

4PST 7S Ohm High-Level CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

SPST High-Level CMOS Analog Switch 

Dual SPST High-Level CMOS Analog Switch 

SPDT High-Level CMOS Analog Switch 

Dual SPOT High-Level CMOS Analog Switch 

DPST High-Level CMOS Analog Switch 

Dual DPST High-Level CMOS Analog Switch 

Dual SPST High-Level CMOS Analog Switch 

Dual DPST High-Level CMOS Analog Switch 

FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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,-------Data Acquisition Products (Continued) ------,----, 

ANALOG SWITCHES (Continued) 

IHS1S0 

IHS1S1 

IHS341 

IHS3S2 

SPDT High-Level CMOS Analog Switch 

Dual SPDT High-Level CMOS Analog Switch 

Dual SPST CMOS RFNideo Switch 

Quad SPST CMOS RFNideo Switch 

MULTIPLEXERS 
004081409 

DG4S8I4S9 

DGS06A 

OOS07A 

DGSOBA 

OO509A 

DGS26 

DGS27 

DG528 

DGS29 

HI-1B1BAl1828A 

HI-S06 

HI-S07 

HI-SOBA 

HI-S07A 

HI-SOB 

HI-S09 

HI-SOBA 

HI-S09A 

HI-S16 

HI-S1B 

HI-S24 

HI-S39 

HI-S46 

HI-S47 

HI-S4B 

HI-S49 

IH6108 

IH620B 

Single 8-ChanneVDifferential 4-Channel CMOS Analog Multiplexers 

Single 8-ChanneVDifferential 4-Channel Fault Protected Multiplexers 

16-ChanneVDual 8-Channel CMOS Analog Multiplexer 

16-ChanneVDuaI8-Channel CMOS Analog Multiplexer 

8-ChanneVDual 4-Channel CMOS Analog Multiplexer 

8-ChanneVDual 4-Channel CMOS Analog Multiplexer 

16-ChanneVDual 8-Channel CMOS Latchable Multiplexer 

16-ChanneVDual 8-Channel CMOS Latchable Multiplexer 

8-ChanneVDual 4-Channel Latchable Multiplexer 

B-ChannellDual 4-Channel Latchable Multiplexer 

Low Resistance Single 81Differential 4-Channel CMOS Analog Multiplexers 

Single 161Differential B-Channel CMOS Analog Multiplexer 

Single 161Differential B-Channel CMOS Analog Multiplexer 

Single 161Differential B-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 

Single 161Differential B-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 

Single B/Differential 4-Channel CMOS Analog Multiplexer 

Single BlDifferential 4-Channel CMOS Analog Multiplexer 

Single BlDifferential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 

Single BlDifferential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 

16-ChanneVDiiferentiaI8-Channel CMOS High-Speed Analog Multiplexer 

8-ChanneVDiiferential 4-Channel CMOS High-Speed Analog Mulitplexer 

4-Channel Wideband and Video Multiplexer 

Monolithic. 4-Channel. Low Level. Diiferential Multiplexer 

Single 161Diiferential B-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection 

Single 161Diiferential B-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection 

Single BlDiiferential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 

Single 81Diiferential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 

B-Channel CMOS Analog Multiplexer 

4-Channel Differential CMOS Analog Multiplexer 

DISPLAY DRIVERS 
CA3161 

CA316B 

ICM7211 

BCD to Seven Segment DecoderlDriver 

2-Digit BCD to Seven Segment DecoderlDriver 

4-Digit LCD/LED Display Driver 

FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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...-------- Data Acquisition Products (Continued) --------, 

DISPLAY DRIVERS (Continued) 

ICM7212 

ICM721a 

ICM722a 

ICM7231 

ICM7232 

ICM7243 

4-Digit LCDIlED Display Driver 

a-Digit LED Multiplexed Display Driver 

a-Digit LED Multiplexed Display Driver 

Numeric/Alphanumeric Triplexed LCD Display Driver 

Numeric/Alphanumeric Triplexed LCD Display Driver 

a-Character flP-Compatible LED Display Driver 

REAL-TIME CLOCK 
ICM7170 flP-Compatible Real-Time Clock 

COUNTERS WITH DISPLAY DRIVERSrrlMEBASE GENERATORS 
ICM7207/A 

ICM720a 

ICM7209 

ICM7213 

ICM7216A1B/D 

ICM7217 

ICM7224 

ICM7225 

ICM7226A1B 

ICM7249 

CMOS Timebase Generator 

7-Digit LED Display Counter 

Timebase Generator 

One Second/One Minute Timebase Generator 

a-Digit Multi-Function Frequency Countermmer 

4-Digit LED Display Programmable Up/Down Counter 

4'/2-Digit LCD/LED Display Counter 

4'/2-Digit LCD/LED Display Counter 

a-Digit Multi-Function Frequency Countermmer 

5'/2-Digit LCD Il-Power EvenVHour Meter 

SPECIAL PURPOSE 
AD590 

ICLa069 

2-Wire Current Output Temperature Transducer 

Low Voltage Reference 

DATA COMMUNICATIONS 
ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver 

FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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r------Digital Signal Processing Products------, 

MULTIPLIERS 
HMA510 

HMU1 61HMU17 

16 x 16·Bit CMOS Parallel Multiplier Accumulator 

16 x 16·Bit CMOS Parallel Multipliers 

ONE DIMENSIONAL FILTERS 
DECI- MATE 

HSP43168 

HSP43216 

HSP43220 

HSP43481 

H5P43881 

HSP43891 

Harris HSP43220 Decimating Digital Filter Development Software 

Dual FIR Filter 

Half Band Filter 

Decimating Digital Filter 

Digital Filter 

Digital Filter 

Digital Filter 

TWO DIMENSIONAL FILTERS 
HSP48901 

HSP48908 

SIGNAL SYNTHESIZERS 
HSP45102 

HSP45106 

HSP45116 

HSP45116·DB 

SPECIAL FUNCTION 
HSP45240 

HSP45256 

HSP48410 

HSP50016 

HSP9501 

HSP9520/9521 

HSp·EVAL 

3 x 3 Image Filter 

Two Dimensional Convolver 

12·Bit Numerically Controlled Oscillator 

16·Bit Numerically Controlled Oscillator 

Numerically Controlled Oscillator/Modulator 

HSP45116 Evaluation Daughter Board 

Address Sequencer 

Binary Correlator 

Histogrammer/Accumulating Buffer 

Digital Down Converter 

Programmable Data Buffer 

Binary Correlator 

DSP Evaluation Platform 

FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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2 
OPERATIONAL AMPLIFIERS 

SELECTION GUIDES 

WIDEBAND ......................•.••...•.......•.......•.........................•.....•...•....... 

HIGH SLEW RATE .•.....•...............................•.•...............•...•..............•.•.... 

VIDEO ......................•...•.••.••....•....................................................... 

LOW NOISE ........................•.......•....................................................... 

GENERAL PURPOSE ........•.......••...•....•••...•••...•....•.•................................•• 

PRECiSiON ...............•.•....•.•.....•..•.•..................................................... 

LOW BIAS CURRENT ......................................•......•.......•.......•.•.•...•.•...•...• 

5V SINGLE-SUPPLY ......................•.....••...•...•......•.•...........•.......•.......•...... 

LOWPOWER ....................•....................................•..•.......•.•.•.....•.•.••.•• 

CA TYPE ORDERING INFORMATION .....•.•.....................................••...•...•••... 

OPERATIONAL AMPLIRERS DATA SHEETS 

CA124, CA224, Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ....... . 
CA324, LM324*, 
LM2902* 

CA 158, CA25S, Dual Operational Amplifiers for Commercial Industrial, and Military Applications •••..•.•• 
CA358, CA2904, 
LM358*, LM2904* 

CA741 , CA1458, 
CA155S, LM741*, 
LM145S*, LM155S* 

CA3020 

CA3060 

CA307S 

CA3080 

CA3094 

CA3100 

CA3130 

CA3140 

CA3160 

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Applications ......•..•..••..•••....•..••••.......••.............•......... 

Multipurpose Wide-Band Power Amps Milftary, Industrial and Commercial Equipment at 
Frequency Up to SMHz ......•..•..••.•.••••••.•..••........•.•...•....•••......•..• 

Operational Transconductance Amplifier Arrays .......................•.......... 

Micropower Operational Amplifier ••..........••......•.............••..•..••.. 

Operational Transconductance Amplifier (OTA) •...•...•.•..•.••.•...•.•.......... 

Programmable Power Switch/Amplifier for Control and General Purpose Applications ...•• 

Wideband Operational Amplifier ...........•.....•....•..•.•..•..•.•....•...•. 

BiMOS Operational Amplifier wfth MOSFET Input/CMOS Output ......••.••.......... 

BiMOS Operational Amplifier with MOSFET Input/Bipolar Output. ...•......•....••... 

BiMOS Operational Amplifiers with MOSFET Input/CMOS Output •.••..•.••......•... 
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CA3193 

CA3240 

CA3260 

CA3280 

CA3420 

CA3440 

CA3450 

CA5130 

CA5160 

CA5260 

CA5420 

CA5470 

Operational Amplifiers (Continued) 

SiCMOS Precision Operational Amplifiers .•.••.•.•...••.••....•................. 

Dual SiMOS Operational Amplifier with MOSFET InputlBipolar Output ......•......... 

SiMOS Operational Amplifier with MOSFET Input/CMOS Output .....•......•........ 

Dual Variable Operational Amplifier .....................•...... ; .............. . 

Low Supply Voltage, Low Input Current SiMOS Operational Amplifiers ............... . 

Nanopower SiMOS Operational Amplifier ......••.....•......................... 

Video Line Driver, High Speed Operational Amplifier .•...••.•••••................. 

SiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output ....... . 

SiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ...... . 

SiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ...... . 

Low Supply Voltage, Low Input Current SiMOS Operational Amplifier ................ . 

Quad Microprocessor SiMOS-E Operational Amplifiers with MOSFET Input/Bipolar Output 
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2-160 

2-171 

2-187 

2-191 

2-202 

2-207 

2-213 

2-221 

2-238 

2-258 

2-263 

2-270 

HA-2400, HA-2404, PRAM Four Channel Programmable Amplifiers. . . . . • . . . . . . . . • • . . . . . • • . . . . . . . . . . . . 2-275 
HA-2405 

HA-2406 

HA-2444 

Digitally Selectable Four Channel Operational Amplifier ...•........................ 

Selecteble, Four Channel Video Operational Amplifier •••••••••••••••••••••••••• 

2-281 

2-287 

HA-2500, HA·2502, Precision High Slew Rate Operational Amplifiers. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 2-290 
HA-2505 

HA-2510, HA-2512, High Slew Rate Operational Amplifiers. •••• .• .•. . . .. . • . .• . . . .• . • . . . . . . . . . . . .. . . 2-296 
HA-2515 

HA-2520, HA-2522, Uncompensated High Slew Rate Operational Amplifiers. . • . . . . . . . • . . . . . . . . . . . . . . . . . 2-301 
HA-2525 

HA-2529 

HA-2539 

HA-2540 

HA-2541 

HA-2542 

HA-2544 

HA-2548 

Uncompensated, High Slew Rate High Output Current, Operational Amplifier •.......... 

Very High Slew Rate Wideband Operational Amplifier ...•.......•................. 

Wideband, Fast Settling Operational Amplifier .................................. . 

Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ..•................. 

Wideband, High Slew Rate, High ,Output Current Operational Amplifier ............... . 

Video Operational Amplifier ....•............•......•......................... 

PreCision, High Slew Rate, Wideband Operational Amplifier ........................ . 

2-308 

2-315 

2-322 

2-330 

2-338 

2-348 

2-358 

HA-2600, HA-2602, Wideband, High Impedance Operational Amplifiers . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . 2-368 
HA-2605 

HA-2620, HA-2622, Very Wideband, Uncompensated Operational Amplifiers . . . • . . . • . . . . • • . . . . . . . . . . . . . 2-376 
HA-2625 

HA-2640, HA-2645 High Voltage Operational Amplifiers • . . .. . . . .. . . .. .. . . .. . . . .. • .. . . . . . . . . . . . .. . . 2-383 

HA-2705 

HA-2839 

HA-2840 

HA-2841 

HA-2842 

Low Power, High Performance Operational Amplifier ....••......•................. 

Very High Slew Rate Wldeband Operational Amplifier ••••••••••••••••••••••••••• 

Very High Slew Rate Wldeband Operational Amplifier ••••••••••••••••••••••••••. 

Wldeband, Fast Settling, Unity Gain Stable, Video Operational Amplifier ••••••••••• 

Wldeband, High Slew Rate, HIgh Output Current, Video Operational Amplifier •••••• 
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Operational Amplifiers (Continued) 

HA-2850 Low Power, High Slew Rate Wldeband Operational Amplifier •••••••••••••••••••.• 

HA-4741 Quad Operational Amplifier ................................................. . 

HA-5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer .....•............. 

HA-5004 1 OOMHz Current Feedback Amplifier .......................................... . 

HA-5020 100MHz Current Feedback Video Amplifier •••••••••••••••••••••••••••••••••.•• 

HA5022, HA5024 Dual, Quad 100MHz Video Current Feedback Amplifier with Disable ••••••••••••••• 

HA5023, HA5025 Dual, Quad 100MHz Video Current Feedback Amplifier •• _ ••••••••••••••••••••••• 

HA-5033 Video Buffer .............•................................................ 

HA-51 01, HA-5111 Low Noise, High Performance Operational Amplifiers ............................. . 

HA-5102, HA-5104, Low Noise, High Performance Operational Amplifiers ............................. . 
HA-5112, HA-5114 

HA-5127 Ultra-Low Noise Precision Operational Amplifier ................................. . 

HA-5130, HA-5135 Precision Operational Amplifiers ......•...................•................... 

HA-5134 

HA-5137 

Precision Quad Operational Amplifier ..................•....................... 

Ultra-Low Noise Precision Wideband Operational Amplifier ........................ . 

HA-5142, HA-5144 DuaVQuad Ultra-Low Power Operational Amplifiers .............................. . 

HA-5147 Ultra-Low Noise Precision High Slew Rate Wideband Operational Amplifier ........... . 

HA-5160, HA-5162 Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers ....... . 

HA-5170 

HA-51n 

Precision JFET Input Operational Amplifier ..................•..•.. '" .......... . 

Ultra-Low Offset Voltage Operational Amplifier ........•........•................. 

HA-5190, HA-5195 Wideband, Fast Settling Operational Amplifiers ..............•.......•............ 

HA-5221, HA-5222 Low Noise, Wideband Precision Operational Amplifiers •........................... 

HA5232, HA5234 Precision Dual and Quad Operational Amplifiers ••••••••••••••••••••••••••••••• 

HFA-0001 Ultra High Slew Rate Operational Amplifier ..................................... . 

HFA-0002 Low Noise Wideband Operational Amplifier ...•................................. 

HFA-0005 High Slew Rate Operational Amplifier ........•................................. 

HFA 1100, HFA 1120 Ultra Hlgh·Speed Current Feedback Amplifiers ••••••••••••••••••••••••••••••.• 

HFA1105, High-Speed, Low Power, Current Feedback Operational Amplifiers ••••••••••••••• 
HFA1106, 
HFA1135, HFA1145 

HFA1110 750MHz Low Distortion Unity Gain, Closed Loop Buffer ••••••••••••••••••••••••• 

HFA 1112 Ultra High-Speed Closed Loop Buffer Amplifier ••••••••••••••••••••••••••••••.• 

HFA 1113 High-Speed, Output Clamping Closed Loop Buffer •••••••••••••••••••••••.••••• 

HFA1130 Output Clamping, Ultra High-Speed Current Feedback Amplifier ••••••••••••••••• 

ICL7611, ICL7612 ICL76XX Series Low Power CMOS Operational Amplifiers .•.....•.................. 

ICL7621,ICL7641, ICL76XX Series Low Power CMOS Operational Amplifiers .•........................ 
ICL7642 

ICL7650S Super Chopper·Stabilized Operational Amplifier .•...•...•.....•.................. 

OPERATIONAL AMPLIRERS GLOSSARY OF TERMS ............................................. . 
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.----------SelectionGuide----------, 

WIDEBAND: MinIMax Umits at +25"C, Unless Otherwise Specified 

SLEW Avo!. SUPPLY 
GBWP FPBW RATE (dB)/ MINIMUM OFFSET BIAS CURRENT 
(typ) (typ) (typ) AZOl STABLE VOLTAGE CURRENT CMRR PSRR (mAlOp 

DEVICE (MHz) (MHz) (Vf\1s) (VIrnA)" GAIN (my) (nA) (dB) (dB) Amp) 

BUFFERS 

HFA1112 850 260 2400 · +1, ·1, +2 25 35000 · 39 26 

HFA1113 850 260 2400 · +1, ·1,+2 25 35000 · 39 26 

HFA1110 750 290 1300 · +1 25 40000 · 39 26 

HA·5033 250 41 1300 · +1 15 35000 · 54 25 

HA·5002 110 41 1300 · +1 20 7000 · 54 10 

SINGLE 

HFA·OOO2 1000 13.3 2SO 98 10 0.7 700 105 90 15.0 

HFA1100 850 3SO 2300 500 1 6 40000 40 45 26 

HFA1120 850 350 2300 SOO 1 6 40000 40 45 26 

HFA1130 850 350 2300 500 1 6 40000 40 45 26 

HA·2539 600 9.5 600 80 10 10.0 20000 60 60 25.0 

HA·2839 500 10.0 625 86 10 2.0 14500 75 75 15 

HA.2840 500 10.0 625 86 10 2.0 14500 75 75 15 

HA·2850 400 5.4 340 86 10 2.0 14500 75 75 7.5 

HA·2540 400 6.0 400 80 10 10.0 20000 60 60 25.0 

HFA"()oo1 350 53.00 1000 43 1 15.0 50000 45 35 75.0 

HFA·OOO5 300 22.00 420 43 1 15.0 50000 45 40 40.0 

CA3450 170 6.56 330 60 1 15.0 350 50 60 35.0 

HA·2548 150 1.91 120 114 5 0.9 50 80 86 18.0 

HA·5190 150 6.5 200 83 5 5.0 15000 74 70 28.0 

HA·5195 1SO 6.5 200 83 5 5.0 15000 74 70 28.0 

HA·5147 140 0.5 35 117 10 0.1 80 100 96 3.5 

HA·5147A 120 0.5 35 120 10 0.03 40 114 100 3.5 

HA·5004 100 100 1200 100 1 5.0 5000 58 50 16 

HA-5020 100 9.6 600 3500 1 8.0 8000 60 65 10 

HA-2620 100 0.6 35 100 5 4.0 15 80 80 3.7 

HA·2622 100 0.6 35 98 5 5.0 25 74 74 4.0 

HA·2625 100 0.6 35 98 5 5.0 25 74 74 4.0 

HA.5111 100 0.8 SO 120 10 3.0 200 80 80 6.0 

HA·5160 100 1.9 120 97 10 3.0 0.05 74 74 8.0 

NA·5162 100 1.10 70 90 10 15.0 0.065 70 70 8.0 

HA·5221 100 0.4 25 106 1 0.75 80 86 86 8.0 

HA·2842 80 6.0 400 94 2 3.0 10000 85 70 14 

HA·2841 50 3.8 240 90 1 3.0 10000 80 70 11 

NOTE: Bold type designates a new product from Harris. 
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.----------Selection Guide---------., 

WIDEBAND: MinIMax Umlts at +25"0, Unless Otherwise Specified (Continued) 

SLEW Avo!. SUPPLY 
GBWP FPBW RATE (dB)! MINIMUM OFFSET BIAS CURRENT 
(typ) (typ) (typ) AZOL STABLE VOLTAGE CURRENT CMRR PSRR (mAlOp 

DEVICE (MHz) (MHz) (VIlla) (V/mA)· GAIN (my) (nA) (dB) (dB) Amp) 

DUAL 

HA-5222 100.0 0.40 25 106 1 0.8 80.0 86 86 11.0 

HA-5112 60.0 0.32 20 100 10 2.0 200.0 86 86 2.5 

CA3280 9.0 1.99 125 94 1 3.0 5000.0 80 86 2.4 

CA3280A 9.0 1.99 125 94 1 0.5 5000.0 94 94 2.4 

HA-51 02 8.0 0.05 3 100 1 2.0 200.0 86 86 2.5 

CA3240 4.5 0.14 9 86 1 15.0 0.05 70 76 6.0 

CA3240A 4.5 0.14 9 86 1 5.0 0.04 70 76 6.0 

CA3260 4.0 0.16 10 94 1 15.0 0.05 70 70 1.5 

CA3260A 4.0 0.16 10 94 1 5.0 0.03 80 76 1.5 

CA5260 3.0 0.10 5 80 1 15.0 0.02 70 70 2.0 

CA5260A 3.0 0.10 5 83 1 4.0 0.02 80 75 2.0 

QUAD 

HA-5114 60.0 0.32 20.0 100 10 2.5 200.0 86 86 1.63 

HA-2444 45_0 5.1 160 71 1 7.0 15000 70 65 6.25 

HA-2400 40.0 0.25 30.0 94 1 9.0 200.0 80 74 1.50 

HA-2404 40.0 0.25 30.0 94 1 9.0 200.0 80 74 1.50 

HA-2405 40.0 0.25 30.0 94 1 9.0 250.0 74 74 1.50 

HA-2406 30.0 0.24 20.0 92 1 10.0 250.0 74 74 1.75 

CA5470 16.0 0.22 7.0 80 1 22.0 0.05 55 60 3.00 

HA-51 04 8.0 0.05 3.0 100 1 2.5 200.0 86 86 1.63 

HA-5134A 4.0 0.02 0.8 123 1 0.1 25.0 115 110 2.00 

• AZOL applies to current feedback amplifiers only (HA-5004, HA-5020, HFA1100, HFA1120, HFA1130) 

NOTE: Bold type designates a new product from Harris. 
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r----------Selection Guide---------., 

HIGH SLEW RATE: MInIMax Umils at +25"C, Unless Otherwise Specified 

SLEW AyOL SUPPLY 
RATE GBWP FPBW (dB)/ MINIMUM OFFSET BIAS CURRENT 
(typ) (typ) (typ) AZOL STABLE VOLTAGE CURRENT CMRR PSRR (mA/Op 

DEVICE (V/jUI) (MHz) (MHz) (VImA)* GAIN (mY) (nA) (dB) (dB) Amp) 

BUFFERS 

HFA1112 2400 850 260 - +1,-1,+2 25 35000 - • 26 

HFA1113 2400 850 260 - +1, -1, +2 25 35000 - 39 26 

HFA1110 1300 750 290 - +1 25 40000 - 39 26 

HA-5002 1300 110 41 - +1 20 7000 - 54 10 

HA-5033 1300 250 41 - +1 15 35000 - 54 25 

SINGLE 

HFA1100 2300 850 350 500 1 6 40000 40 45 26 

HFA1120 2300 850 350 500 1 6 40000 40 45 26 

HFA1130 2300 850 350 500 1 6 40000 40 45 26 

HA-5004 1200 100 100 100 1 5.0 5000 58 50 16 

HFA-0001 1000 350 53 43 1 15.0 50000 45 35 75.0 

HA-5020 800 100 12.7 3500 1 8.0 8000 60 64 10 

HA-283e 625 500 10.0 86 10 2.0 14500 75 75 15 

HA-2840 625 500 10.0 86 10 2.0 14500 75 75 15 

HA-2539 600 600 9.5 80 10 10.0 20000 60 60 25.0 

HFA-0005 420 300 22.0 43 1 15.0 50000 45 40 40.0 

HA-2540 400 400 6.0 80 10 10.0 20000 60 60 25.0 

HA-2842 400 80 6.0 94 2 3.0 10000 85 70 14 

HA-2542 350 70 5.5 80 2 10.0 35000 70 70 35.0 

HA-2850 340 400 5.4 86 10 2.0 14500 75 75 7.5 

CA3450 330 170 6.6 80 1 15.0 350 50 60 35.0 

HA-2841 240 50 3.8 90 1 3.0 10000 80 70 11 

HA-2541 250 40 4.0 80 1 2.0 25000 70 70 40.0 

HFA-0002 250 1000 13.3 98 10 0.7 700 105 90 15.0 

HA-5190 200 150 6.5 83 5 5.0 15000 74 70 28.0 

HA-5195 200 150 6.5 83 5 5.0 15000 74 70 28.0 

HA-2529 150 20 2.1 80 3 5.0 200 80 SO 6.0 

HA-2544 150 50 3.2 71 1 15.0 15000 75 70 12.0 

HA-2520 120 20 1.5 80 3 8.0 200 SO SO 6.0 

HA-2522 120 20 1.2 78 3 10.0 250 74 74 6.0 

HA-2525 120 20 1.2 78 3 10.0 250 74 74 6.0 

HA-2548 120 150 1.91 114 5 0.9 50 80 86 18.0 

HA-5160 120 100 1.9 97 10 3 0.05 74 74 8 

NOTE: Bold type designates a new product from Harris. 
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.----------Selection Guide----------, 

HIGH SLEW RATE: MinIMax Limits at +2500, Unless Otherwise Specified (Continued) 

SLEW AYOL SUPPLY 
RATE GBWP FPBW (dB)! MINIMUM OFFSET BIAS CURRENT 
(typ) (typ) (typ) AZOL STABLE VOLTAGE CURRENT CMRR PSRR (mAlOp 

DEVICE (V/j1S) (MHz) (MHz) (V/mA)· GAIN (my) (nA) (dB) (dB) Amp) 

DUAL 

CA3280 125 9.0 1.99 94 1 3.0 5000 80 88 2.4 

CA3280A 125 9.0 1.99 94 1 0.5 5000 94 94 2.4 

HA-5222 25 100 0.40 106 1 0.75 80 86 88 11.0 

HA-5112 20 60 0.32 100 10 2.0 200 86 88 2.5 

CA3280 10 4.0 0.18 94 1 15.0 0.05 70 70 1.5 

CA3280A 10 4.0 0.16 94 1 5.0 0.03 80 76 1.5 

CA3240 9.0 4.5 0.14 86 1 15.0 0.05 70 76 6.0 

CA3240A 9.0 4.5 0.14 86 1 5.0 0.04 70 76 6.0 

CA5280A 5.0 3.0 0.10 83 1 4.0 0.Q15 80 75 2.0 

QUAD 

HA-2444 160 45 5.1 71 1 7.0 15000 70 65 6.25 

HA-2400 30 40 0.25 94 1 9.0 200 80 74 1.50 

HA-2404 30 40 0.25 94 1 9.0 200 80 74 1.50 

HA-2405 30 40 0.25 94 1 9.0 250 74 74 1.50 

HA-2406 20 30 024 92 1 10.0 250 74 74 1.75 

HA-5114 20 60 0.32 100 10 2.5 200 88 88 1.63 

CA5470 7.0 16 022 80 1 22.0 0.05 55 80 3.0 

• AZOL applies to current feedback amplifiers only (HA-5004, HA-5020, HFA 1100, HFA 1120, HFA 1130) 

NOTE: Bold type designates a new product from Harris. 
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....----------Selection Guide----------. 

VIDEO: 'J\tpicaI Values al +250 C, Unless Otherwise Specified 

DIFFER· 
ENTIAL 
GAIN 

DEVICE FEATURES ('lit) 

BUFFERS 

HFA1110 +1, Std. Buffer Pinout 0.02 

HFA1112 ·1,+1,+2 (Selectable) Standard 0.02 
Op Amp Pinout 

HFA1113 ·1,+1,+2 (Selectable) Standard 0.02 
Op Amp Pinout, VOUT Clamps 

HA·5033 +1, Std. Buffer Pinout 0.03 

HA·5002 +1, Std. Buffer Pinout 0.06 

SINGLE 

HA·2842 "" ~ 2, cable Driver 0.02 

HA-5020 "" ~ 1, Output Disable, CFB 0.02 
(Current Feedback) 

HFA1100 ""~1,CFB 0.03 

HFA1120 HFA 1100 with Offsat Adjust 0.03 

HFA1130 At ~ 1, CFB, Programmable 0.03 
OUtput Clamps 

HA·2544 Ay~ 1 0.03 

HA·2841 At~1,Lowlcc 0.03 

HFA1105 At ~ 1, Low Icc, CFB 0.04 

HFA1106 HFA1105 with Compensation 0.04 
Pin 

HFA1135 At ~ 1, Low Icc. CFB, 0.04 
programmable Output Clamps 

HFA1145 A., ~ 1, Low Icc> CFB, 0.04 
Output Disable 

DUAL 

HA·5022 A.,~ 1, CFB 0.02 

HA·5023 Ay ~ 1, CFB, Output Disable 0.02 

QUAD 

HA·5024 A.,~ 1, CFB 0.02 

HA·5025 At ~ 1, CFB, Output Disable 0.02 

HA·2444 At ~ 1, 4-Channel, Mux'd OUtput 0.03 

SPECIAL FUNCTION 

HA·2546· MUltiplier, 2 Quad, Voltage Output <0.1 

HA·2547* Multiplier, 2 Quad, Currenl Output . 
HA·2556* Multiplier, 4 Quad, Voltage <0.1 

Output 

HA·2557* Multiplier, 4 Quad, Currant . 
Output 

HA·2444 Ay ~ 1, 4-Channel, Mux'd OUtput 0.03 

CA3256* Vldao SWItch and Amplifier 1.0 

• See Section 7 (Special Analog Circuits) for data sheets • 

•• Single Supply Range. 

NOTE: Bold type designates a new product from Harris. 

DIFFER· 0.1dB 
ENTIAL FLAT 
PHASE GAIN 
(DEG) (MHz) 

0.02 >100 

0.04 >100 

0.04 >100 

0.02 · 
0.21 · 

0.03 >10 

0.03 5 

0.05 75 

0.05 75 

0.05 75 

0.03 5 

0.03 >10 

0.04 >25 

0.04 >25 

0.04 >25 

0.04 >25 

0.03 5 

0.03 5 

0.03 5 

0.03 5 

0.03 10 

<0.1 5 

. · 
<0.1 10 

. · 
0.03 10 

1.0 · 

2·8 

SUPPLY SUPPLY 
SLEW OUTPUT VOLTAGE CURRENT 

GBWP RATE CURRENT RANGE (mA/Op 
(MHz) (VIlIS) (mA) (tV) Amp) 

750 1300 60 4.5·5.5 21.0 

850 2400 60 4.5·5.5 21.0 

850 2400 60 4.5·5.5 21.0 

250 1300 100 5·16 21.0 

110 1300 200 5·20 8.3 

80 400 100 6·17 14.2 

100 1100 32 4.5·18 7.5 

850 2300 60 4.5· 5.5 21.0 

850 2300 60 4.5· 5.5 21.0 

850 2300 60 4.5· 5-5 21,0 

50 150 35 8·17 10.0 

50 240 30 6·17 10.0 

450 2000 40 4.5· 5.5 6.0 

450 2000 40 4.5·5.5 6.0 

450 2000 40 4.5· 5.5 6.0 

450 2000 40 4.5·5.5 6.0 

100 1100 32 4.5 ·18 7.5 

I 100 1100 32 I 4.5·18 7.5 

100 1100 32 4.5·18 7.5 

100 1100 32 4.5·18 7.5 

50 160 25 8.5·17 20.0 

40 300 45 7·17 23.0 

100 IR= 5ns 2.0 7·17 20.0 

45 450 45 5·17 18.0 

100 ~=5ns 1.8 5·17 13.0 

50 180 25 8.5·17 20.0 

25 200 18 4·18" 20 



......---------Selection Guide---------., 

LOW NOISE: MiniMax Limits at +25°C, Unless Otherwise Specified 

NOISE NOISE SLEW 
VOLTAGE CURRENT GBWP RATE MINIMUM OFFSET BIAS SUPPLY 

1kHz~) 1~) (typ) (typ) STABLE VOLTAGE CURRENT CURRENT 
DEVICE (nil Hz) (p Hz) (MHz) (VIllI) GAIN (mY) (nA) (mAlOpAmp) 

SINGLE 

HFA-<)002 2.7 4.5 1000 250 10 1.0 1000 20.0 

HA-5004 2.2 6.0· 100 1200 1 5.0 5000· 16.0 

HA·5127A 3.0 0.4 8.5 10 1 0.025 40 4.0 

HA·5137A 3.0 0.4 63 20 5 0.025 40 4.0 

HA-5147A 3.0 0.4 120 35 10 0.025 40 4.0 

HA-5101 3.3 1.1 10 10 1 3.0 200 7.0 

HA·5111 3.3 1.1 100 50 10 3.0 200 7.0 

HA·5221 3.4 1.0 100 25 1 0.75 100 11.0 

HA-5020 4.5 2.5* 100 1100 1 B.O BOOO· 10.0 

HA·5190 6.0 5.0 150 200 5 5.0 15000 28.0 

HA·2839 6.0 6.0 600 625 10 2.0 14500 15.0 

HA·2840 6.0 6.0 600 625 10 2.0 14500 15.0 

HA·2539 6.0 6.0 600 600 10 10.0 20000 25.0 

HA·2540 6.0 6.0 400 400 10 10.0 20000 25.0 

HA·2548A 8.3 0.4 150 120 5 0.3 50 18.0 

HA·5177 8.8 1.2 2.0 0.8 1 0.6 6 1.7 

HA·5170 10.0 0.01 8.0 8.0 1 0.3 0.1 2.5 

HA·2542 10.0 3.0 70 350 2 10.0 35000 40.0 

HA·2541 10.0 4.0 40 250 1 2.0 35000 40.0 

DUAL 

HA·5222 3.4 1.0 100 25 1 0.75 100 11.0 

HA·51 02 4.3 0.6 8.0 3.0 1 2.0 200 2.5 

HA·5112 4.3 0.6 60 20 10 2.0 200 2.5 

QUAD 

HA·51 04 4.3 0.6 8.0 3.0 1 2.5 200 1.63 

HA·5114 4.3 0.6 60 20 10 2.5 200 1.63 

HA·5134A 7.0 1.0 4.0 1.0 1 0.1 25 2.0 

• +Input. These are current feedback amplifiers, so value for .input will be larger. 

NOTE: Bold type designates a new product from Harris. 
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..----------Selection Guide---------.., 

GENERAL PURPOSE: 1YPlcal Values at +25°C, Unless Otherwise Specified 

MAXIMUM SUPPLY 
MINIMUM SLEW OFFSET BIAS SUPPLY CURRENT 
STABLE GBWP RATE VOLTAGE CURRENT VOLTAGE (mAlOp 

DEVICE DESCRIPTION GAIN (MHz) (V/jls) (mV) (pA) (tV) Amp) 

SINGLE 

HA-2544 Ultra-Slable, High Performance 1 50 150 6.0 7.00 17.5 10.0 

CA3100 Wldeband Amplifier 1 38 70 1.0 0.7 18 8.5 

CA3130A SiMOS, CMOS Output, Output 1 15 30 2.0 5.0pA 8 2.0 
Strobe 

CA5130A Mil Temp Version of CA3130A 1 15 30 2.0 5.0pA 8 2.0 

HA·2805 Wldeband, Compensated, High 1 12 7 3.0 0.005 22.5 3.0 
Input Impedance 

HA-5101 Low Noise, High Performance 1 10 10 0.5 0.1 20 4.0 

HA-5127A Low Noise, Precision, 1 8.5 10 0.01 0.01 22 3.5 
Compensated 

HA-5170 JFET Input, Precision 1 8 8 0.1 20pA 22 1.9 

CA3140A BiMas, Output Stroba Capability 1 4.5 9 2.0 10.0pA 18 4.0 

HA-2645 High Voltage, Compensated 1 4 5 2.0 0.012 50 3.2 

CA3160A SiMas, CMOS Output, Output 1 4 10 2.0 5.0pA 8 2.0 
Strobe 

CA5160A Mil Temp Version of CA3160A 1 4 10 2.0 5.0pA 8 2.0 

CA3080 Operational Transconductance 1 2 75 0.4 2.0 18 1.0 
Amp. 

CA3193A !!lIMOS, Inslrumentalion Amplifier 1 1.2 0.25 0.14 0.01 18 2.3 

HA-2525 Uncompensated 3 20 120 5.0 0.125 20 4.0 

HA·2529 Uncompensated, High Output 3 20 150 2.0 0.05 20 4.5 
Current 

HA-5137A Low Noise, Precision 5 80 20 0.01 0.01 22 3.5 

HA-2625 Wideband, Uncompensated, 5 100 35 3.0 0.005 22.5 3.0 
High Input Impedance 

HA-5195 Wideband, Fast Settling 5 150 200 3.0 5.0 17.5 19.0 

HA-2548A Wldeband, Precision 5 150 110 0.1 0.005 20 12.0 

HA-5147A Low NOise, Precision, 10 140 35 0.01 0.01 22 3.5 
Wldeband 

HA-5111 Low Noise, High Performance, 10 100 50 0.5 0.1 20 4.0 
Uncompensated 

NOTE: Bold type designates a new product from Harris. 
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r----------Selection Guide -------------, 

GENERAL PURPOSE: "TYpical Values at +25°C, Unless Otherwise Specified (Continued) 

MAXIMUM SUPPLY 
MINIMUM SLEW OFFSET BIAS SUPPLY CURRENT 
STABLE GBWP RATE VOLTAGE CURRENT VOLTAGE (mAlOp 

DEVICE DESCRIPTION GAIN (MHz) (VIliS) (mY) (IlA) (±Y) Amp) 

DUAL 

CA3280A Operational Transconductance 1 9 125 0.25 1.8 18 2.0 
Amp. 

HA-5102 Low Noise, High Performance 1 8 3 0.5 0.13 20 1.5 

CA3240A SiMOS, High Input Impedance 1 4.5 9 2.0 10.0pA 18 4.0 

CA32S0A SiMOS, CMOS Output, High 1 4 10 2.0 5.0pA 8 O.S 
Input Impedance 

CA5260A Mil Temp Version of CA32S0A 1 3 5 2.0 5.0pA 8 0.6 

CA158A Wide Supply Range 1 1 0.25 1.0 0.02 16 0.75 

HA-5112 Low Noise, High Performance, 10 60 20 0.5 0.13 20 1.5 
Uncompensated 

TRIPLE 

CA30S0 Operational Transconductance 1 0.11 1.0 1.0 2.5 18 0.85 
Amp. 

QUAD 

CA5470 High Input Impedance, Wide 1 14 5 5.0 1.0pA 8 2.5 
Supply Range 

HA-51 04 Low Noise, High Performance 1 8 3 0.5 0.13 20 1.25 

CA124 Wide Supply Range 1 1 0.5 2.0 0.045 16 0.2 

HA-5114 Low Noise, High Performance, 10 60 20 0.5 0.13 20 1.25 
Uncompensated 

NOTE: Sold type designates a new product from Harris. 
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r----------Selection Guide----------, 

PRECISION: MinIMax Limits at +25"0. Unless Otherwise Specified 

VIO SLEW SUPPLY 
OFFSET DRIFT BIAS OFFSET GBWP RATE CURRENT 

VOLTAGE (typ) CURRENT CURRENT CMRR PSRR (typ) (typ) AwL (mAlOp 
DEVICE (my) {j1VI"C) (nA) (nA) (dB) (dB) (MHz) (V/IJ.S) (dB) Amp) 

SINGLE 

ICL7650S 0.005 0.02 0.01 0.005 120 120 2.0 2.5 135 3.0 

HA-5127A 0.025 0.20 40.0 35.0 114 86 8.5 10.0 120 3.5 

HA-513O 0.025 0.40 2.0 2.0 110 100 2.5 0.8 120 1.3 

HA-5137A 0.025 0.20 40.0 35.0 114 100 63.0 20.0 120 3.5 

HA-5147A 0.025 0.20 40.0 35.0 114 100 120.0 35.0 120 3.5 

HA-5177 0.060 0.20 6.0 8.0 110 110 2.0 0.8 126 1.7 

HA-5135 0.075 0.40 4.0 4.0 106 94 2.5 0.8 120 1.7 

HA-5137 0.100 0.40 80.0 75.0 100 96 63.0 20.0 117 3.5 

HA-5147 0.100 0.40 80.0 75.0 100 96 140.0 35.0 117 3.5 

CA3193A 0.200 1.00 20.0 5.0 110 100 1.2 0.25 110 3.5 

HA-5170 0.300 2.0 0.1 0.03 85 85 8.0 8.0 109 2.5 

HA-2548A 0.300 3.0 50.0 50.0 80 86 150.0 120.0 120 18.0 

HA-5221 0.750 0.5 80.0 50.0 86 86 100.0 25.0 106 11.0 

DUAL 

HA-5232 0.5 5.0 10 10 100 100 O.B 0.15 10B 0.73 

HA-5222 0.75 0.5 80 50 86 86 100.0 25.0 106 11.0 

CA158A 2.0 7.0 50 10 70 65 1.0 0.5 94 1~5 

HA-51 02 2.0 3.0 200 75 86 86 8.0 3.0 100 2.5 

HA-5112 2.0 3.0 200 75 86 86 60.0 20.0 100 2.5 

ICL7621 2.0 10.0 0.05 0.03 76 80 0.5 0.16 80 0.25 

CA3280 3.0 5.0 5000 700 80 86 9.0 125.0 94 2.4 

CA258A 3.0 7.0 80 15 70 65 1.0 0.5 94 1.5 

CA358A 3.0 7.0 100 30 65 65 1.0 0.5 86 1.5 

HA-5142 6.0 3.0 100.0 10.0 77 77 0.4 1.5 86 0.15 

QUAD 

HA-5134A 0.1 0.3 25.0 25.0 115 110 4.0 0.75 123 2.0 

HA-5234 0.50 5.0 10 10 100 100 O.B 0.15 10B 0.73 

HA-5114 2.5 3.0 200.0 75.0 86 86 60.0 20.0 100 1.63 

HA-51 04 2.5 3.0 200.0 75.0 86 86 8.0 3.0 100 1.63 

CA124 5.0 7.0 150.0 30.0 70 65 1.0 0.5 94 0.5 

HA-5144 6.0 3.0 100.0 10.0 77 77 0.4 1.5 86 0.15 

CA224 7.0 7.0 250.0 50.0 65 65 1.0 0.5 86 0.5 

CA324 7.0 7.0 250.0 50.0 65 65 1.0 0.5 86 0.5 

CA2902 7.0 7.0 250.0 50.0 65 65 1.0 0.5 86 0.3 

NOTE: Bold type designates a new product from Harris. 
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r----------Selection Guide----------, 

LOW BIAS CURRENT: MinIMax Umlts at +250C. Unless Otherwise Specified 

SLEW SUPPLY 
BIAS OFFSET OFFSET CM GBWP RATE CURRENT 

CURRENT CURRENT VOLTAGE RANGE AvoL (typ) (typ) CMRR PSRR (mA/Op 
DEVICE (nA) (nA) (my) (±V) (dB) (MHz) (VIlIS) (dB) (dB) Amp 

SINGLE 

CA5420A 0.001 0.0005 5.0 3.7 85 0.5 0.5 75 75 0.50 

CA5420 0.002 0.0010 10.0 3.7 85 0.5 0.5 70 70 0.50 

CA3420 0.005 0.004 10.0 1.0 80 0.5 0.5 55 60 0.65 

CA3420A 0.005 0.004 5.0 1.0 86 0.5 0.5 60 70 0.65 

CA5130A 0.010 0.005 4.0 2.5 90 4.0 10.0 75 60 0.10 

CA5160A 0.010 0.005 4.0 2.5 90 4.0 10.0 75 60 0.10 

ICL7650S 0.010 0.005 0.005 3.5 135 2.0 2.5 120 120 3.00 

CA5130 0.015 0.010 10.0 2.5 85 4.0 10.0 70 55 0.10 

CA5160 0.015 0.010 10.0 2.5 85 4.0 10.0 70 55 0.10 

CA3130A 0.030 0.020 5.0 10.0 94 15.0 9.0 80 80 15.00 

HA-5160 0.050 0.010 3.0 10.0 98 100.0 120 74 74 10.0 

HA-5170 0.100 0.060 0.3 10.0 110 8.0 8.0 90 90 2.50 

DUAL 

CA5260 0.015 0.01 15.0 11.0 80 3.0 5.0 70 70 2.0 

CA5260A 0.015 0.01 4.0 2.5 83 3.0 5.0 80 75 2.0 

CA3260A 0.03 0.02 5.0 10.0 94 4.0 10.0 80 76 1.5 

CA3240A 0.04 0.02 5.0 13.0 86 4.5 9.0 70 76 6.0 

CA3240 0.05 0.03 15.0 12.0 86 4.5 9.0 70 76 6.0 

CA3260 0.05 0.03 15.0 10.0 94 4.0 10.0 70 70 1.5 

ICL7621 0.05 0.03 2.0 12.0 80 0.5 0.16 76 80 025 

HA-5232 10.0 10 0.5 12.0 108 0.8 0.15 100 100 0.73 

CA158A 50.0 10.0 2.0 13.0 94 1.0 0.5 70 65 1.50 

QUAD 

CA5470 0.05 0.005 22.0 3.5 80 14.0 5.0 55 60 3.0 

ICL7641 0.05 0.03 10.0 4.2 80 1.4 1.60 70 80 2.5 

ICL7642 0.05 0.03 10.0 4.2 80 0.04 0.02 70 80 0.02 

HA-5234 10.0 10 0.5 12 108 0.8 0.15 100 100 0.73 

HA-5134A 25.0 25.0 0.1 10.0 123 4.0 0.75 115 110 2.0 

NOTE: Bold type designates a new product from Harris. 
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5V SINGLE-SUPPLY: MinIMax Umits at +25"C, Unless Othewise Specified 

SUPPLY* GAIN MINIMUM 
CURRENT INPUT DOES BANDWIDTH SLEW SINGLE 

(typ) OFFSET INPUT RAIL-TO- INPUT BIAS PRODUCT RATE SUPPLY OUTPUT 
(mA/Op VOLTAGE INCLUDE RAIL CURRENT (typ) (typ) VOLTAGE CURRENT 

DEVICE Amp) (mY) GROUND OUTPUT? (nA) (MHz) V/jJ.8 (V) (mA) 

SINGLE 

CA3440A 0.005 5 YES NO 0.04 0.063 0.03 5.0 15 

CA3440 0.005 10 YES NO 0.05 0.063 0.03 5.0 15 

ICL7612A 0.01 2 YES YES 0.05 0.04 0.016 2.0 0.04 

ICL7611A 0.01 2 NO YES 0.05 0.04 0.016 2.0 0.04 

ICL7612D 0.01 15 YES YES 0.05 0.04 0.016 2.0 0.04 

ICL7611D 0.01 15 NO YES 0.05 0.04 0.016 2.0 0.04 

CA3078A 0.025 3.5 NO NO 12 1.5 0.5 1.5 12 

CA5160A 0.05 4 YES YES 0.01 4 10 5.0 4 

CA5130A 0.05 4 YES YES 0.01 4 10 4.0 4 

CA5160 0.05 10 YES YES 0.015 4 10 5.0 4 

CA5130 0.05 10 YES YES 0.015 4 10 4.0 4 

CA3078 0.130 4.5 NO NO 170 8 1.5 1.5 12 

CA3130A 0.30 5 YES YES 0.03 15 10 5.0 12 

CA3130 0.30 15 YES YES 0.05 15 10 5.0 12 

CA3160A 0.30 5 YES YES 0.03 4 10 5.0 12 

CA3160 0.30 15 YES YES 0.05 4 10 5.0 12 

CA5420A 0.40 5 YES YES 0.001 0.5 0.5 2.0 1.2 

CA5420 0.40 10 YES YES 0.002 0.5 0.5 2.0 1.2 

CA3420A 0.45 5 YES YES 0.005 0.5 0.5 2.0 2.6 

CA3420 0.45 10 YES YES 0.005 0.5 0.5 2.0 2.6 

CA3140A 1.60 5 YES NO 0.04 3.7 9 4.0 12 

CA3140 1.60 15 YES NO 0.05 3.7 9 4.0 12 

NOTE: Bold type designates a n_ product from Harris. 
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....----------Selection Guide-----------. 

5V SINGLE-SUPPLY: MInIMax Umlts at +25"0, Unless Othewlse Specified (Continued) 

SUPPLY" GAIN MINIMUM 
CURRENT INPUT DOES BANDWIDTH SLEW SINGLE 

(typ) OFFSET INPUT RAIL-TO- INPUT BIAS PRODUCT RATE SUPPLY OUTPUT 
(mAlOp VOLTAGE INCLUDE RAIL CURRENT (typ) (typ) VOLTAGE CURRENT 

DEVICE Amp) (mV) GROUND OUTPUT? (nA) (MHz) Villa (V) (mA) 

DUAL 

HA-5142 0.05 6 YES NO 100 0.4 1.5 3.0 4.5 

ICL7621A 0.10 2 NO YES 0.05 0.5 0.16 2.0 0.3 

ICL7621D 0.10 15 NO YES 0.05 0.5 0.16 2.0 0.3 

CA158A 0.35 3 YES NO 100 1 0.5 3.0 20 

CA356 0.35 7 YES NO 250 1 0.5 3.0 20 

CA3260A 0.60 5 YES YES 0.03 4 10 4.0 12 

CA3260 0.60 15 YES YES 0.05 4 10 4.0 12 

HA5232 0.70 0.5 NO NO 10 0.8 0.15 5.0 6.0 

CA5260A 0.80 4 YES YES 0.015 3 5 4.5 1.75 

CA5260 0.80 15 YES YES 0.015 3 5 4.5 1.75 

CA3240A 2.00 5 YES NO 0.04 3.7 9 5.0 12 

CA3240 2.00 15 YES NO 0.05 3.7 9 5.0 12 

QUAD 

ICL7642C 0.01 10 NO YES 0.05 0.044 0.016 2.0 0.04 

ICL7642E 0.01 20 NO YES 0.05 0.044 0.016 2.0 0.04 

HA-5144 0.05 6 YES NO 100 0.4 1.5 3.0 4.5 

CA324 0.20 7 YES NO 250 1 0.5 5.0 10 

CA124 0.20 5 YES NO 150 1 0.5 5.0 10 

HA5234 0.70 0.5 NO NO 10 0.8 0.15 5.0 6.0 

ICL7641C 1.00 10 NO YES 0.05 1.4 1.6 5.0 0.7 

ICL7641E 1.00 20 NO YES 0.05 1.4 1.6 5.0 0.7 

CA5470 1.50 22 YES NO 0.05 14 5 3.0 4 

• Supply Current for single 5V supply, if specified in data sheet. 

NOTE: Bold type designates a new product from Harris. 
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LOW POWER: MInIMax Limits at +25"C. Unless otherwise Specified 

SUPPLY SLEW OUlPUT 
CURRENT MAX RATE GBWP CM VOLTAGE OUTPUT OFFSET BIAS 

(mAlOp V+.V- (typ) (typ) RANGE SWING CURReNT VOLTAGE CURRENT PSRR 
DEVICE Amp) (tV) (V/j.IS) (MHz) (tV) (tV) (mA) (mV) (nA) (dB) 

SINGLE 

CA3440 0.017 12.5 0.03 0.063 3.5 3.0 15.0 10.0 0.050 70 

CA3440A 0.017 12.5 0.03 0.063 3.5 3.0 15.0 5.0 0.040 70 

CA3078A 0.02 18.0 0.5 1.5 5.5 5.1 12.0 3.5 12.0 70 

ICL7611A 0.02 9.0 0.02 0.044 4.4 4.9 0.1 2.0 0.05 80 

ICL7612A 0.02 9.0 0.02 0.044 5.3 4.9 0.1 2.0 0.05 80 

CA5130 0.10 8.0 10.0 4.0 2.5 2.5 4.0 10.0 0.015 55 

CA5130A 0.10 8.0 10.0 4.0 2.5 2.5 4.0 4.0 0.010 60 

CA5160 0.10 8.0 10.0 4.0 2.5 2.5 4.0 10.0 0.Q15 55 

CA5160A 0.10 8.0 10.0 4.0 2.5 2.5 4.0 4.0 0.010 60 

CA3078 0.13 7.0 1.5 8.0 5.5 5.1 12.0 4.5 170.0 70 

HA-2705 0.15 22 20 1.0 11.0 12 10 5.0 40 80 

CA3094 0.40 12.0 50.0 30.0 12.0 14.9 100.0 5.0 5000.0 70 

CA3094A 0.40 18.0 SO.O 30.0 12.0 14.9 100.0 5.0 5000.0 70 

CA3094B 0.40 22.0 SO.O 30.0 12.0 14.9 100.0 5:0 5000.0 70 

CA5420A 0.55 11 0.5 0.5 9.0 9.7 1.2 5.0 0.005 70 

CA3420A 1.0 11 0.5 0.5 9.0 9.7 1.2 5.0 0.005 70 

DUAL 

HA-5142 0.15 17.5 1.5 0.4 10.0 10 0.2 6.0 100 77 

ICL7621A 0.25 9.0 0.16 0.5 4.2 4.9 1.0 2.0 0.05 80 

HA-5232 0.73 18 0.15 0.8 12 12 6.0 0.5 10 100 

CA158A 1.5 13.0 0.5 1.0 13.0 13.0 20.0 2.0 SO.O 65 

CA258A 1.5 6.5 0.5 1.0 13.0 13.0 20.0 3.0 80.0 65 

CA2904 1.5 6.5 0.5 1.0 13.0 13.0 20.0 7.0 250.0 50 

CA258 1.5 6.5 0.5 1.0 13.0 13.0 20.0 5.0 150.0 65 

CA358 1.5 13.0 0.5 1.0 13.0 13.0 20.0 7.0 250.0 65 

CA158 1.5 16.0 0.5 1.0 13.0 13.0 20.0 5.0 150.0 65 

CA358A 1.5 13.0 0.5 1.0 13.0 13.0 20.0 3.0 100.0 65 

CA3260A 1.5 8 10 4 +31-8 +'1/-8 12 5.0 0.03 77 

CA5260A 2.0 8.0 5.0 3.0 2.5 4.4 12.0 5.0 0.030 76 

QUAD 

ICL7642 0.02 9.0 0.02 0.04 4.2 4.5 0.1 10.0 0.05 80 

HA-5144 0.15 17.5 1.5 0.4 10.0 10 0.2 6.0 100.0 77 

CA124 0.5 16.0 0.5 1.0 13.0 26.0 10.0 5.0 150.0 65 

CA224 0.5 16.0 0.5 1.0 13.0 13.0 10.0 7.0 250.0 65 

CA324 0.5 16.0 0.5 1.0 13.0 13.0 10.0 7.0 250.0 65 

HA-5234 0.7 18 0.15 0.8 12 12 6.0 0.5 10 100 

ICL7641 2.50 9.0 1.6 1.4 4.2 4.5 8.0 10.0 0.05 80 

NOTE: Bold type designates a new product from Harris. 
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CAT ype Od r erlng 

Unear (CA Series) 

Linear ICs are available in a wide variety of package 
designs. These packages are identified by suffix letters 
indicated in the chart below. When ordering Linear devices, 
it is important that the appropriate suffix letter be affixed to 
the type number as indicated on the price schedule. 

PACKAGE CASERIES 

Dual·ln·Une Ceramic Sidebraze D 

Dual·ln·Une Plastic E 

FrH-Seal Dual·ln·Une Ceramic F 

Quad·ln·Une Plastic Q 

Plastic Lead Chip Carrier Q 

Dual·ln·Une Formed Lead TO·5 S 

T0-5 Style Package T 

Small Outline (SOIC) Plastic M 

Extra Value Screening 

Linear product with extra value screening has an X added to 
the standard type number in the price list, and is also 
branded as such. A white dot will indicate location of Pin 1. 

Example: 

A CASOaOE with Extra Value screening is designated 
CA3080EX in the price list. It is branded CASOaOEX plus a 
white dot at pin number 1. 

Tape and Reel for Small Outline Packages 

With the introduction of small outline packages, Harris now 
offers its customers the convenient tape and reel style 
packaging. Small outline devices, which can be tape and 
reeled, are denoted wtih the suffix "M96" or "AM96" in the 
linear and high speed logic product lines. Devices must be 
ordered in multiples of quantities listed below. Any returns 
must be full and unopened reels. 

LEAD TAPE WIDTH REEL SIZE DEVICES 
COUNT (mm) (INCHES) PER REEL 

a 12 13 2500 

14 16 13 2500 

16 16 13 2500 

24 24 13 1000 
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CA 124, CA224, CA324 
LM324*, LM2902* 

March 1993 

Quad Operational Amplifiers for 
Commercial, Industrial, and Military Applications 

Features 

• Operation from Single or Dual Supplies 

• Unlty-Galn Bandwidth ••••••••••••••••• 1MHz(Typ.) 

• DC Voltage Gain ••••••••••••••••••••• 100dB(Typ.) 

• Input Bias Current •••••••••••••••••••• 45nA(Typ.) 

• Input Offset Voltage •••••••••••••••••••• 2mV (Typ.) 

• Input Offset Current 

• CA224, CA324, LM324, LM2902 •••••••••••• 5nA (Typ.) 

• CA124 ••••••••••••••••••••••••••••• 3nA(Typ.) 

• Replacement for Industry Types 124,224,324 

Applications 

• Summing Amplifiers 

• Multlvlbrators 

• Oscillators 

• Transducer Amplifiers 

• DC Gain Blocks 

Pinout 

Description 

The CA 124, CA224, CA324, LM324, and LM2902 consist of 
four independent, high-gain operational amplifiers on a 
Single monolithic substrate. An on-Chip capacitor in each of 
the amplifiers provides frequency compensation for unity 
gain. These devices are designed specially to operate from 
either single or dual supplies, and the differential voltage 
range is equal to the power·supply voltage. Low power drain 
and an input common·mode voltage range from OV to V+ 
-1.5V (single-supply operation) make these devices suitable 
for battery operation. 

The CA124, CA224, CA324, LM324 and LM2902 are 
supplied in both 14·lead dual·in·line plastic (E suffix) and 
14·lead (150 mil) small outline (M suffix) packages. The 
CA324 is available in chip form (H suffix). 

CA124, CA224, CA324, LM324, LM2902 
(PDIP, SOIC) 
TOP VIEW 

OUTPUT 4 

NEG. NEG. 
INPUT 1 INPUT 4 

PO$. pos. 
INPUll INPUT 4 

GROUND 

PO$. PO$. 
INPUT 2 INPUT 3 

NEG. NEG. 
INPUT 2 INPUT 3 

• Technical Data on lM Branded types Is identical to the corresponding CA Branded types. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 796.2 
Copyright@Harrls Corporation 1993 2.19 



Specifications CA 124, CA224, CA324, LM324, LM2902 

Absolute Maximum Ratings Operating Conditions 
Supply Voltage ••.••••••.•••.••••••.•••.•••••.• 32V to ±16V Operating Temperature Range .••..•••••••..•• -55"C to +l25°C 
Dlfferentiallnput Voltage ............................... 32V Storage Temperature Range .................. -65"C to + 15O"C 
Input Voltage ................................ -o.3V to +32V 
Input Current (VI < -o.3V)(Note 1) ...................... 50mA 
OutpUt Short Circuit Duration (V+ s 15V) (Note 2) •••.. Continuous 
Power Dissipation 

Up to TA = +55"C ............................... 750mW 
Above TA = +55"C. • . • . • . . • . . .. Derate Unearly at 6.67mWI"C 

Junction Temperature .............................. +175°C 
Junction Temperature (Plastic Package) ..•••.•.••.•..• +15O"C 
Lead Temperature (Soldering 10 Sec.) .•••••••••••••••••• +300" 

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 

CA124UMrrs 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

TA=+25°C 

Input Offset Voltage VIO (Note 5) - 2 5 

Output Voltage Swing VoPP RL=21<O 0 - V+-l.5 

Input Common Mode Voltage Range VICR (Note 4), V+ = 30V 0 - V+-l.5 

Input Offset Current 110 11+ -II" - 3 30 

Input Bias Current liB 11+ or 11-' (Note 3) - 45 150 

Output Current (Source) 10 VI+ = +lV, VI" = OV, V+ = 15V 20 40 -
Output Current (Sink) 10 VI+=OV, VI" = lV, V+= 15V 10 20 -

VI+ = OV, VI- = lV, Vo = 200mV 12 50 -
Large Signal Voltage Gain AoL ~ ~ 21<0, V+ = 15V (For large Vo swing) 94 100 -
Common Mode Rejection Ratio CMRR DC 70 85 -
Power Supply Rejection Ratio PSRR DC 65 100 -
Amplifier-to-Amplifier Coupling f = 1 to 20kHz (Input referred) - -120 -
TA = -55°C to +125"C 

Input Offset Voltage VIO (Note 5) - - 7 

Temperature Coefficient of Input Ofiset "VIO Rs=OO - 7 -
Voltage 

Input Offset Current 110 11+- 11" - - 100 

Temperature Coefficient of Input Ofiset .. 110 - 10 -
Current 

Input Bias Current liB 11+ or 11- - - 300 

Total Supply Current 1+ RL = 00 On all amplifiers - 0.8 2 

Input Common Mode Voltage Range VICR V+=30V 0 - V+-2 

Large Signal Voltage Gain AoL RL ~ 21<0, V+ = 15V (For large Vo swing) 88 - -
OUTPUT VOLTAGE SWING 

High Level VOH RL = 21<0, V+ = 30V 26 - -
RL = lOkO 27 28 -

Low Level VOL RL = lOkO - 5 20 
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Specifications CA124, CA224, CA324, LM324, LM2902 

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 
Unless Otherwise SpeCified (Continued) 

PARAMETERS SYMBOL TEST CONDITIONS MIN 

OUTPUT CURRENT 

Source 10 VI+ = 1Voc, Vr = 0, V+ = 15V 10 

Sink 10 Vr = 1VOC, VI+ = 0, V+ = 15V 5 

Differential Input Voltage (Note 2) -
NOTES: 

CA124 LIMITS 

TVP 

20 

8 

-

MAX UNITS 

- mA 

- rnA 

V+ V 

1. This input current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base 
junction of the input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, 
there is also lateral n-p-n parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers 
to go to the V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action 
is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater 
than -0.3V DC. 

2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc
tion of the device. 

3. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the 
current Is essentially constant, Independent of the state of the output. 

4. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 

5. Vo = l.4Voc, Rs = on with V+ from 5V to 30V; and over the full Input common mode voltage range (OV to V+ - 1.5V). 

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 

CA224, CA324 LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

TA = +25°C 

Input Offset Voltage VIO (Note 3) - 2 7 

Output Voltage Swing Vopp RL=2kn 0 - V+-l.5 

Input Common Mode Voltage Range VICR (Note 2), V+ = 30V 0 - V+-l.5 

Input Offset Current 110 11+-11" - 5 50 

Input Bias Current liB 11+ or 11-, (Note 1) - 45 250 

Output Current (Source) 10 VI+ = +lV, VI- = OV, V+ = 15V 20 40 -
Output Current (Sink) 10 VI+ = OV, VI- = lV, V+ = 15V 10 20 -

VI+ = OV, Vr = lV, Vo = 200mV 12 50 -
Large Signal Voltage Gain AoL RL~2kn, V+ = 15V (For large Vo swing) 88 100 -
Common Mode Rejection Ratio CMRR DC 65 70 -
Power Supply Rejection Ratio PSRR DC 65 100 -
Amplifier-to-Amplifier Coupling f = 1 to 20kHz (Input referred) - -120 -
TA = -40oC to +85°C (CA224), TA = O°C to +70°C (CA324) 

Input Offset Voltage VIO (Note 3) - - 9 

Temperature Coefficient of Input Offset ocV1O Rs=On - 7 -
Voltage 

Input Offset Current 110 11+-11- - - 150 
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Specifications CA 124, CA224, CA324, LM324, LM2902 

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = SV. 
Unless OtherWIse Specified (Continued) 

CA224. CA324 LIMITS 

PARAMETERS SYMBOL TEST CONOmONS MIN TYP MAX UNITS 

Til = -4O"C to +85"C (CA224). Til = O"C to +7ff'C (CA324) (Continued) 

Temperature Coefficient of Input celIO - 10 - pA/"C 
Offset Current 

Input Bias Current liB 11+ or II- - - 500 nA 

Total Supply Current 1+ RL = - On all amplifiers - 0.8 2 rnA 

Input Common Mode Voltage Range VICR V+=30V 0 - V+-2 V 

Large Signal Voltage Gain A RL:!:2kO, V+= 1SV(ForlargeVoswing) 83 - - dB 

OUTPUT VOLTAGE SWING 

High Level VOH RL = 2kn. V+ = 30V 26 - - V 

RL= 10kn 27 28 - V 

Low Level VOL RL=10kn - S 20 mV 

OUTPUT CURRENT 

Source 10 VI+ = 1Voe• VI" = O. V+ = 1SV 10 20 - rnA 

Sink 10 VI" = 1Voe• VI+ = O. V+ = 15V S 8 - rnA 

Differential Input Voltage (Note 2) - - V+ V 

NOTES: 

1. Due to the p-n-p input stage the direction of the Input current Is out of the IC. No loading change exists on the input linas because the 
current Is assentlally constant, Independent of the state of the output. 

2. The Input signal voltage and the Input common mode voltage should not be allowed to go negative by rrIOre than 0.3V. The positive limit 
of the common mode voltage range Is V+ - 1.SV. but either or both Inputs can go to +32V without damage. 

3. Vo = 1.4Voe. Rs = on with V+ from SV to 30V; and over the full input common mode voltage range (OV to V+ - 1.SV). 

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = SV. 
Unless Otherwise Specified 

LM2902 UMrrS 

PARAMETERS SYMBOL TEST CONOmONS MIN .TYP MAX UNITS 

Til = -4ff'C to +85°C 

Input Offset Voltage VIO (Note 3) - - 10 mV 

Temperature Coefficient of Input Offset "VIO Rs=O - 7 - pVfC 
Voltage 

Input Offset Current 110 11+-11" - 45 200 nA 

Temperature Coefficient of Input Offset .. 110 - 10 - pAfC 
Current 

Input Bias Current liB 11+ or 11-, (Note 1) - 40 SOO nA 

Total Supply Current 1+ RL = - On all amplifiers - 0.7 1.2 rnA 

RL=-' V+=26V - 1.S 3 rnA 

Input Common Mode Voltage Range VII::R V+ = 26V. (Note 2) 0 - V+-2 V 

Large Signal Voltage Gain AoL RL > 2kn. V+ = 1SV (For large Vo 83 - - dB 
swing) 
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Specifications CA 124, CA224, CA324, LM324, LM2902 

Electrical Specifications Values Apply for Each Operational Amp6fier. Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 

LM2902 LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

OUTPUT VOLTAGE SWING 

High Level VOH RL = 21<0, V+ = 26V 22 -
~=I0k0 23 28 

Low Level VOL RL = 101<0 - 5 

OUTPUT CURRENT 

Source 10 VI+ = lVoc, VI" = 0, V+ = 15V 10 20 

Sink 10 VI- = lVoc, VI+ = 0, V+ = 15V 5 8 

Differential Input Voltage (Note 2) - -
NOTES: 

MAX UNITS 

- V 

- V 

100 mV 

- rnA 

- rnA 

V+ V 

1. Due to the p-n-p Input stage the direction of the Input current Is out of the IC. No loading change exists on the Input lines because the 
current Is essentiany constant, independent of the state of the output 

2. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range Is V+ - 1.5V, but either or both inputs can go to +32V without damage. 

3. Vo = 1.4Voc, Rs = on with V+ from 5V to 3OV; and over the fun input common mode voltage range (OV to V+ - 1.5V). 

Schematic Diagram (One of Four Operational Amplifiers) 

~+ 
2 7 

6 -

~2+ 4 4 
13 -

~o+ 3 • . -
11 
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CA 124, CA224, CA324, LM324, LM2902 

Typical Performance Curves 
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CA 124, CA224, CA324, LM324, LM2902 

Typical Performance Curves (Continued) 
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March 1993 

CA158, CA258 
CA358, CA2904, 

LM358*, LM2904* 
Dual Operational Amplifiers for Commercial 

Industrial, and Military Applications 

Features 
• Internal Frequency Compensation for Unity Gain 

• High DC Voltage Gain •••••••••••••••• 100dB(Typ.) 

• Wide Bandwidth at Unity Gain •••••••••• 1MHz(Typ.) 

• Wide Power Supply Range: 

- Single Supply ••••••••••••••••••••••••• 3 to 30V 

- Dual Supplies ••...••..••••••..•••••.• ±1.5 to ±15V 

• Low Supply Currant •••••••••••••••••• 1.5 mA (Typ.) 

• Low Input Bias Current 

• Low Input Offset Voltage and Current 

• Input Common-Mode Voltage Range Includes Ground 

• Differential Input Voltage Range Equal to V+ Range 

• LargeOutputVoHageSwlng ••••••••••• OtoV+-1.5V 

Pinouts 
CA 158, CA258; and CA358 (TO-5 CAN) 

TOP VIEW 

INY. 
INPUT (A) 

INY. 
INPUT (B) 

Description 
The CA 158, CA 158A, CA258, CA258A, CA358, CA358A 
and CA2904 types consist of two independent, high gain, 
internally frequency compensated operational amplifiers 
which are designed specifically to operate from a single 
power supply over a wide range of voltages. They may also 
be operated from split power supplies. The supply current is 
basically independent of the supply voltage over the 
recommended voltage range. 

These devices are particularly useful in interface circuits with 
digital systems and can be operated from the single 
common 5VDC power supply. They are also Intended for 
transducer amplifiers, DC gain blocks and many other 
conventional op amp circuits which can benefit from the 
single power supply capability. 

The CA158, CA158A, CA258, CA258A, CA358, CA358A, and 
CA2904 types are an equivalent to or a replacement for the 
indUstry types 158, 158A, 258, 258A, 358, 358A, and CA2904. 

Ordering Information 
PART SUFFIX 

NUMBER LETTERS PACKAGE 

CA158,A E 8 Lead Plastic DIP 
CA258,A M 8 LeadSOIC 
CA358,A 
CA2904 

CA158,A T 8 Pin TO·5 Can with 
CA258,A Standard Leads 
CA358,A S 8 Pin TO-5 Can with 

Dual-In-Uns Fllrrnsd Leads 

CA158, CA258, CA358. AND CA2904 (PDIP. SOle) 

TOP VIEW 

OUTPUT(A) 1 

INY. 
INPUT (A) 

NON-INY. 
INPUT (A) L...=...r---

7 OUTPUT (B) 

INY. 
INPUT (B) 

NON-INY. 
INPUT (B) 

• Technical Data on LM Branded types Is identical to \he corresponding CA Branded types. 
File Number 1019.2 CAUTION: Theae devices are sensitive to electrostatic discharge. Users ahould follow proper I.C. Handling Procedures. 

Copyright e Harris Corporation 1993 2-26 



Specifications CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Operating Conditions Absolute Maximum Ratings 
Supply Voltage (Note 5) 

CA2904 ••..••••••••••••••.•••••••••••••••• 26V or ±13V 
Operating Temperature Range •••••••••••••••• -55°C to + 125°C 
Storage Temperature Range •••••••••••••••••• -65OC to + 15O"C 

Other lYpes ••••••••••••••.••••••••••••••••• 32Vor ±16V 
Difierentiallnput Voltage (All Types) •••••••••••••••••••••• 32V 
Input Voltage ...••...••••....•••...••.•.•..•.• -Q.3V to V+V 
Input Current (VI < -Q.3V) (Note 5) •••••••••••••••••••••• 50mA 
Output Short Circuit Duration (V+ s 15V) (Note 6) ••••• Continuous 
Power Dissipation 

Up to T ... = -55°C •••••••••••••••••.•••••••••••••• 630mW 
Above T ... = -55OC •••••.••••••• Derate Linearly at 6.67 mWf'C 

Junction Temperature ••••••••••••••.••••••••••••••• +1750C 
Junction Temperature (Plastic Package) ..••..••.••...• +150oC 
Lead Temperature (Soldering 10 Sec.) •••••••••••••••• +3oooC 

CAUTION: Stresses above thoss listed In "Absolute Maximum Ratings" may csuse parmanent damage to the davies. This is a stress only mting and opemtion 
at the device at these or any other conditions aboll8 those indicated In the opemtkmaJ sections at this specification is not ImpHed. 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 

CA 15BA UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

T ... =+25OC 

Input Offset Voltage Vv;) (Note 3) - 1 2 

Output Voltage Swing VOPP RL=2kn 0 - V+-1.5 

Input Common Mode Voltage Range VICR (Note 2), V+ = 30V 0 - V+ -1.5 

Input Offset Current 110 11+-11" - 2 10 

Input Bias Current liB 11+ or II", (Note 1) - 20 50 

Output Current (Source) 10 VI+ = +1V, VI- = OV, V+ = 15V 20 40 -
OUtput Current (Sink) 10 VI+ = OV, VI- = iV, V+ = 15V 10 20 -

VI+=OV, VI" = iV, Vo =20OmV 12 50 -
Short Circuit Output Current RL = 00 (to Ground) (Note 4) - 40 60 

Large Signal Voltage Gain AoL RL~2k.O, V+= 15V (For largeVo swing) 50 100 -
Common Mode Rejection Ratio CMRR DC 70 85 -
Power Supply Rejection Ratio PSRR DC 65 100 -
Ampllfler-ta-Ampllfier Coupling f = 1 to 20kHz (Input referred) - -120 -
T ... = -55OC to +125OC 

Input Offset Voltage Vv;) (Note 3) - - 4 

Temperature Coefficient of Input ocVv;) Rs=OO - 7 15 
Offset Voltage 

Input Offset Current 110 11+-11- - - 30 

Temperature CoeffICient of Input 00110 - 10 200 
Offset Current 

Input Bias Current liB 11+ or 11- - 40 100 

Input Common Mode Voltage Range VICR V+ = 30V (Note 2) 0 - V+-2 
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Specifications CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 

CA 158A UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Supply Current 1+ RL = 00 On all amplifiers - 0.7 

RL = 00, V+ = 30V - 1.5 

NOTES: 

MAX UNITS 

1.2 mA 

3 mA 

1. Due to the p-n-p input stage the direction of the Input current is out of the IC. No loading change exists on the input lines because this 
current Is essentially constant, Independent of the state of the output 

2. The Input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both Inputs can go to +32V without damage. 

3. Vo = 1.4Voc, Rs = on with V+ from 5V to 30V; and over the full Input common mode voltage range (OV to V+ - 1.5V). 

4. The maximum output current is approximately 40mA Independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 

5. This input current win only exist when the voltage at any of the Input leads Is driven negative. This current Is due to the collector base 
junction of the Input p-n-p transistors becoming forward biased and thereby acting as Input diode clamps. In addition to this diode action, 
there is also lateral n-p-n parasitic transistor action on the IC chip. This transistor actlon can cause the output voltages of the amplifiers 
to go to the V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor actlon 
is not destructlve and normal output states will re-establish when the Input voltage, which was negative, again returns to a value greater 
than -a.3VOC. 

6. The maximum output current Is approximately 40mA Independent of the magnitude ofV+. Continuous short~lrcuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V + can cause overheating and eventual destruc
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 

CA258A UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

TA = +25"C 

Input Offset Voltage VIO (Note 3) - I 3 

Output Voltage Swing VoPP RL=2kO 0 - V+-l.5 

Input Common Mode Voltage Range VICR (Note 2), V+ - 30V 0 - V+ -1.5 

Input Offset Current 110 11+-11" - 2 15 

Input Bias Current liB 11+ or II", (Note 1) - 40 80 

Output Current (Source) 10 VI+= +IV, VI- = OV, V+ = 15V 20 40 -
Output Current (Sink) 10 VI+ = OV, VI- = IV, V+ = 15V 10 20 -

VI+ = OV, VI" = IV, Vo = 200mV 12 50 -
Short Circuit Output Current ~ = on (to Ground) (Note 4) - 40 60 

Large Signal Voltage Gain AoL ~ ~ 21<0, V+ = 15V (For large Vo swing) 50 100 -
Common Mode Rejection Ratio CMRR DC 70 85 -
Power Supply Rejection Ratio PSRR DC 65 100 -
Amplifier-to-Amplifier Coupling f = I to 20kHz (Input referred) - -120 -
TA = -25°C to +85°C 

Input Offset Voltage VIO (Note 3) - - 4 

Temperature Coefficient of Input Offset ""VIO Rs=On - 7 15 
Voltage 

Input Offset Current 110 11+-11- - - 30 
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Specifications CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 

CA258A LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Temperature Coefficient of Input Offset ~llo - 10 
Current 

Input Bias Current liB 11+ or II" - 40 

Input Common Mode Voltage Range VICR V+ = 30V (Note 2) 0 -
Supply Current 1+ RL = 00 On all amplifiers - 0.7 

RL =00, V+ = 30V - 1.5 

NOTES: 

MAX UNITS 

200 pAf'C 

100 nA 

V+-2 V 

1.2 rnA 

3 rnA 

1. Due to the p-n-p input stage the direction of the input current Is out of the IC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positiVe limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 

3. Vo = 1.4Voc, Rs = 00 with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 

4. The maximum output current is approximately 40rnA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V + can cause overheating and eventual destruc
tion of the device. DestructiVe dissipation can result from simultaneous short circuits on both amplifiers. 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 

CA358A LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

TA = +25"C 

Input Offset Voltage VIO (Note 3) - 2 3 

Output Voltage Swing Vopp RL=2kCl 0 - V+-l.5 

Input Common Mode Voltage Range VICR (Note 2), V+ = 30V 0 - V+-l.5 

Input Offset Current 110 11+ -11- - 5 30 

Input Bias Current liB 11+ or II", (Note 1) - 45 100 

Output Current (Source) 10 VI+ = +IV, VI- = OV, V+ = 15V 20 40 -
Output Current (Sink) 10 VI+ = OV, VI" = IV, V+ = 15V 10 20 -

VI+ = OV, VI" = tv, Vo = 200mV 12 50 -
Short Circuit OUtput Current ~ = 00 (to Ground) (Note 4) - 40 60 

Large Signal Voltage Gain AoL ~ ~ 21<0, V+ = 15V (For large Vo swing) 25 100 -
Common Mode Rejection Ratio CMRR DC 65 85 -
Power Supply Rejection Ratio PSRR DC 65 100 -
Amplifier-to-Amplifier Coupling f = 1 to 20kHz (Input referred) - -120 -
TA = 0 to +70·C 

Input Offset Voltage VD (Note 3) - - 5 

Temperature Coefficient of Input Offset ~VIO Rs=oo - 7 20 
Voltage 

Input Offset Current 110 11+-11- - - 75 

Temperature Coefficient of Input Offset ~IIO - 10 300 
Current 
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Specifications CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = SV, 
Unless Otherwise Specified (Continued) 

CA358A LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Input Bias Current liB II+orlr - 40 

Input Common Mode Voltage Range VICR V+ = 30V (Note 2) 0 -
Supply Current 1+ RL = 00 On all amplifiers - 0.7 

~=oo, V+=30V - 1.S 

NOTES: 

MAX UNITS 

200 nA 

V+-2 V 

1.2 mA 

3 mA 

1. Due to the p-n-p Input stage the direction of the input current is out of the IC. No losding change exists on the Input lines because this 
current is essentially constant, Independent of the state of the output 

2. The Input signal voltages and the Input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range Is V+ - I.SV, but either or both Inputs can go to +32V without damage. 

3. Vo = 1.4Voc, Rs = 00 with V+ from SV to 3OV; and over the full input common mode voltage range (OV to V+ - I.SV). 

4. The maximum output current is approximately 40mA independent of the magnitude ofV+. Continuous short circuits at V+ > ISV can causa 
excessive power dissipation and eventual destruction. Short circuits from the output to V + can causa overheating and eventual destruc
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = SV, 
Unless Otherwise Specified 

LIMITS 
CAI58, CA258 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

TA =+2SoC 

Input Offset Voltage VIO (Note 3) - 2 5 

Output Voltage Swing VoPP RL=2kn 0 - V+-l.S 

Input Common Mode Voltage Range VICR (Note 2), V+ = 30V 0 - V+-l.S 

Input Offset Current 110 11+-11" - 3 30 

Input Bias Current liB 11+ or 11-, (Note 1) - 45 150 

Output Current (Source) 10 VI+ = +lV, VI- = OV, V+ = lSV 20 40 -
Output Current (Sink) 10 VI+ = OV, VI- = IV, V+ = ISV 10 20 -

VI+ = OV, VI- = IV, Vo = 200mV 12 50 -
Short Circuit Output Current ~ = 00 (to Ground) (Note 4) - 40 60 

Large Signal Voltage Gain AoL ~ ~ 2kO, V+ = 15V (For large Vo swing) 50 100 -
Common Mode Rejection Ratio CMRR DC 70 85 -
Power Supply Rejection Ratio PSRR DC 65 100 -
Amplifier-la-Amplifier Coupling f = 1 to 20kHz (Input referred) - -120 -
TA = -55°C to +12Soo (CAI58); TA = -2SoC to +85°C (CA2S8) 

Input Offset Voltage VIO (Note 3) - - 7 

Temperature Coefficient of Input Offset ocVIO Rs=OO - 7 -
Voltage 

Input Offset Current 110 11+-11" - - 100 

Temperature Coefficient of Input Offset ocllO - 10 -
Current 
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Specifications CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 

LIMITS 
CA158. CA258 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Input Bias Current liB 11+ or II" - 40 

Input Common Mode Voltage Range VICR V+ = 30V (Note 2) 0 -
Supply Current 1+ RL = 00 On all amplifiers - 0.7 

RL =00, V+ = 30V - 1.5 

NOTES: 

MAX UNITS 

300 nA 

V+-2 V 

1.2 rnA 

3 rnA 

1. Due to the p-n-p Input stage the direction of the Input current Is out of the IC. No loading change exists on the Input lines because this 
current is essentially constant, independent of the state of the output. 

2. The Input signal voltages and the Input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both Inputs can go to +32V without damage. 

3. Vo = 1.4Voc, Rs = 00 with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 

4. The maximum output current Is approximately 40rnA Independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc
tion of the device. Destructive dissipation can result from simUltaneous short circuits on both amplifiers. 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 

CA358 LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

TA=+25°C 

Input Offset Voltage VIO (Note 3) - 2 7 

Output Voltage Swing VoPP RL=2kO 0 - V+-l.5 

Input Common Mode Voltage Range VICR (Note 2), V+ = 30V 0 - V+-1.5 

Input Offset Current 110 11+-11" - 5 50 

Input Bias Current liB 11+ or 11-, (Note 1) - 45 250 

Output Current (Source) 10 VI+ = +lV, VI- = OV, V+ = 15V 20 40 -
Output Current (Sink) 10 VI+ = OV, VI" = lV, V+ = 15V 10 20 -

VI+ = OV, VI" = lV, Vo = 200mV 12 50 -
Short Circuit Output Current ~ = 00 (to Ground) (Note 4) - 40 60 

large Signal Voltage Gain AoL RL ~ 2kn, V+ = 15V (For large Vo swing) 25 100 -
Common Mode Rejection Ratio CMRR DC 65 70 -
Power Supply Rejection Ratio PSRR DC 65 100 -
Amplifier-to-Amplifier Coupling f = 1 to 20kHz (Input referred) - -120 -
TA = 0 to +70"0 

Input Offset Voltage VIO (Note 3) - - 9 

Temperature Coefficient of Input Offset ~VIO Rs=OO - 7 -
Voltage 

Input Offset Current 110 11+-11" - - 150 

Temperature Coefficient of Input Offset ~IIO - 10 -
Current 
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Specifications CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = SV, 
Unless Otherwise Specified (Continued) 

CA3S8 UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Input Bias Current I'B 1,+ or 1.- - 40 

Input Common Mode Voltage Range VIeR V+ = 30V (Nota 2) 0 -
Supply Current 1+ RL = 00 On all amplifiers - 0.7 

RL =00, V+= 30V - I.S 

NOTES: 

MAX UNITS 

500 nA 

V+-2 V 

1.2 rnA 

3 rnA 

1. Due to the p-n-p input stage the direction of the Input current is out of the IC. No loading change exists on the Input lines because this 
current Is essentially constant, Independent of the state of the output. 

2. The Input signal voltages and the Input common mode voltage should not be allowed to go negatiVe by more than 0.3V. The positiVe limit 
of the common mode voltage range Is V+ - I.SV, but either or both inputs can go to +32V without damage. 

3. Vo = 1.4Voc, Rs = 00 with V+ from SVto 3OV; and over the full Input common mode voltage range (OVto V+ -1.SV). 

4. The maximum output current is approximately 40rnA Independent of the magnitude of V+. Continuous short circuits at V+> ISV can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc
tion 01 the device. DestructiVe dissipation can result from simultaneous short circuits on both amplifiers. 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = SV, 
Unless Otherwise Specified 

CA2904 UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX 

T..,= +2SoC 

Input Offset Voltage VIO (Note 3) - 2 7 

Output Voltage Swing VoPP RL= 10ke 0 - V+-l.S 

Input Common Mode Voltage Range V'CR (Note 2), V+ = 30V 0 - V+-l.S 

Input Offset Current 1'0 1,+-1.- - S SO 

Input Bias Current I'B 1,+ or 1.-, (Note 1) - 45 2SO 

Output Current (Source) 10 V,+ = +1 V, V,- = OV, V+ = ISV 20 40 -
Output Current (Sink) 10 V,+ = OV, V,- = IV, V+ = ISV 10 20 -
Short Circuit Output Current ~ = on (to Ground) (Note 4) - 40 60 

Large Signal Voltage Gain AoL ~ ~ 2kO, V+ = ISV (For large Vo swing) - 100 -
Common Mode Rejection Ratio CMRR DC SO 70 -
Power Supply Rejection Ratio PSRR DC SO 100 -
Amplifier-to-Ampllfier Coupling 1 = 1 to 20kHz (Input relerred) - -120 -
T.., = -40"C to +8SoC 

Input OIIset Voltage V,o (Note 3) - - 10 

Temperature Coefficient of Input OIIset ceV,o Rs=on - 7 -
Voltage 

Input Offset Current 1'0 1,+-1,- - 45 200 

Temperature Coefficient of Input OIIset celIO - 10 -
Current 

Input Bias Current I'B 1,+ or 1.- - 40 SOO 

2-32 

UNITS 

mV 

V 

V 

nA 

nA 

rnA 

rnA 

rnA 

VlmV 

dB 

dB 

.dB 

mV 

IlVf'C 

nA 

pAf'C 

nA 



Specifications CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 

CA2904 LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Input Common Mode Voltage Range VICR V+ = 30V (Note 2) 0 -
Supply Current 1+ RL = 00 On all amplifiers - 0.7 

RL=oo, V+=30V - 1.5 

NOTES: 

MAX UNITS 

V+-2 V 

1.2 rnA 

3 rnA 

1. Due to the p-n-p input stage the direction 01 the input current is out 01 the IC. No loading change exists on the input lines because this 
current is essentially constant, independent 01 the state 01 the output. 

2. The input signal voHages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voHage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 

3. Vo = 1.4Voc, Rs = on with V+ from 5V to 3OV; and over the lull input common mode voltage range (OV to V+ - 1.5V). 

4. The maximum output current is approximateiy 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V + can cause overheating and eventual destruc
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 

Schematic Diagram 

ONE OF TWO OPERATIONAL AMPLIFIERS 

v+ 

r-----~------------_1~--_1~--~----~----~----+ T02 
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CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Typical Performance Curves 
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CA 158. CA 158A. CA258. CA258A. CA358. CA358A. CA2904. LM358. LM2904 

Typical Performance Curves (Continued) 
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CA 158, CA 158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 

Typical Performance Curves (Continued) 
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Metallization Mask Layout 
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611-77 
(1.753 -1.1156) 

Dimensions In parentheses are in millimeters and derived 
from the basic inch dimensions as indicated. Grid gradua
tions are in mils (10-3 inch). 

The photographs and dimensions represent a chip when it 
Is part of the wafer. When the wafer Is cut into chips, the 
cleavage angles are 57" instead of 90" with respect to the 
face of the chip. Therefore, the Isolated chip Is actually 7 
mils (O.17mm) larger in both dimensions. 
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CA741, CA1458, 
CA1558, LM741*, 

LM1458*, LM1558* 
High Gain Single and Dual Operational Amplifiers 

for Military, Industrial and Commercial Applications 

Features 
• Input Bias Current (All Types) SOOnA (Max.) 

• Input Offset Current (All Types) 200nA (Max.) 

Applications 
• Comparator • Multlvlbrator 

• DC Amplifier • Summing Amplifier 

• Integrator or Differentiator • Narrow Band or Band 
Pass Filter 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

CA741E -55°C to + 125°C 8 Lead Plastic DIP 

CA741CE OOCto +7ooC 8 Lead Plastic DIP 

CA1458E OOCto +7OOC 8 Lead Plastic DIP 

CA1558E -55°C to + 125°C 8 Lead Plastic DIP 

CA741T ·550C to +125OC 8 Pin Can 

CA741CT 00Cto+7ooo 8 Pin Can 

CA1458T 00Cto+7ooo 8 Pin Can 

CA1558T -55°C to +125°C 8 Pin Can 

NOTE: All types in any package style can be operated over the tem
perature range of _55°C to + 125°C, although the published limits for 
certain electrical specifications apply only over the temperature 
range of OOC to +700C. 

Pinouts 
CA741 , CA741C (TO-5 CAN) 

TOP VIEW 

Ne 

v-

CA741 , CA741C (PDIP) 
TOP VIEW 

OFFSET NULL 1 

INY.INPUT 2 

NON~NY. INPUT 3 

5 OFFSET NULL 

Description 
The CA1458, CA1558 (dual types); CA741C, CA741 (single 
types); high-gain operational amplif18rs for use in military, 
industrial, and commercial applications. 

These monolithic silicon integrated circuit devices provide 
output short circuit protection and latch·free operation. 
These types also feature wide common mode and differen
tial mode signal ranges and have low offset voltage nulling 
capability when used with an appropriately valued 
potentiometer. A 10kn potentiometer is used for offset 
nulling types CA741C, CA741 (See Figure 4); and types 
CA1458, CA1558, have no specific terminals for offset 
nulling. Each type consists of a differential input amplifier 
that effectively drives a gain and level shifting stage having a 
complementary emitter fOllower output. 

The manufacturing process make it possible to produce IC 
operational amplifiers with low burst ("popcorn") noise 
characteristics. The CA741 gives limit specifications for 
burst noise in the data bulletin, File Number 530. Contact 
your Sales Representative for information pertinent to other 
operational amplifier types that meet lOW burst noise 
specifications. 

CA1458, CA1558 (TO-5 CAN) 
TOP VIEW 

INY.INPUT 2~~~I~~J 6 INY.INPUT 
(A) (B) 

CA1458, CA1558 (PDIP) 
TOP VIEW 

OUTPUT (A) ma Y+ 

INY. INPUT (A) 2 7 OUTPUT (B) 

NON-INY. INPUT (A) 3 6 INY. INPUT (B) 

v- 4 5 NON~NY. INPUT (B) 

• Technical Data on LM Branded types is Identical to the corrasponding CA Branded types. 
File Number 531.2 CAUTION: Thesa devices ara senshive to electrostatic discharge. Users should follow proper 1.0. Handling Procedures. 
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Specifications CA741,CA741C, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 

Absolute Maximum Ratings 
Supply Voltage (Between V+ and V- Terminals) 

CA741C, CAl458 (Note 3) ••••••••••••••••••••••••••• 36V 
CA741 , CA1558 (Note 3) •••.•..••••••••••.•...•.•..• 44V 

Differenllallnput Voltage .••••.•••••••••••••.•••••••••.. 30V 
Input Voltage (Note 2) ••••••.•••.•.••.•••••..•••...••••.. ±15V 
Offset Terminal to V- Terminal Voltage (CA741C, CA741) •... ±O.5V 
Output Short Circuit Duration •••.•.•.•.•••••••••.••. Indefinite 
Power Dissipation 

Up to +7O"C (CA741C) •..•.•••.•.•..••••.•..••.•• 500mW 
Up to +75"0 (CA741) ••..•••.•.•.•.•••.•.•..•• , .• 500mW 
Up to +3O"C (CA1558) •.••.••.••.•••••.•••.•••.•• 680mW 
Up to +25"0 (CA1458) ••••...••..•••..•••.••••••• 680mW 

For Temperatures exceeding 
those indicated above. . • . . • . . . • • •. Derate Unearly 6.67mWf'C 

Junction Temperature. • • • • • . • . . • • • • • • . • • • • . • • • • • . • • + 175°C 
Junction Temperature (Plastic Package) .•.•••••••••••• +1SOOC 
Lead Temperature (Soldering 10 Sec.) .•.••.•••••.....• +3OQOC 

Operating Conditions 
Storage Temperature Range •••.•••••••••••••• -65"0 to +1 SOOC 
Operating Temperature Range 

CA741 , CA1558 •••••••••.••••.••••.•••.•. -55"0 to +1250C 
CA741C,CA1458 •.•.....•.•••...••. OOCto +700 C (Note 4) 

CAUTION: Stresses abol/8 those listed In "Absolute Maximum Ratings" may cause pgrmanent damage to the davies. This is a stress only l8t1ng and op9l8t1on 
of the davies at these or any other conditions abol/8 those indicated In the op9l8tiona/ sections of this specification is not impHed. 

Electrical SpeCifications Typical Values Intended Only for Design Guidance, V± = ±15V 

TYPICAL VALUE 
PARAMETERS SYMBOL TEST CONDITIONS (ALL TYPES) UNrrs 

Input Capacitance CI 1.4 pF 

Offset Voltage Adjustment Range ±15 mV 

Output Reslstanca Ro 75 0 

Output Shari Circuit Current 25 mA 

Transient Response Unity Gain, VI = 20mV, RL = 21<0, 

Rise Time tR 
CLS 100pF 

0.3 JUI 

Overshoot 0.5. 5.0 % 

Slew Rata (Closed Loop) SR RL~21<O 0.5 VlJUI 

Electrical SpeCifications For Equipment Design, V± = ±15V 

UMITS 

TEST 
CA741C, CA1458 (NOTE 1) 

PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN TYP MAX UNITS 

Input Offset Voltage VIO RsS101<O +25°C - 2 6 mV 

000 to +700C - - 7.5 mV 

Input Offset Current 110 +25"0 - 20 200 nA 

ooCto+7ooC - - 300 nA 

Input Bias Current liB +25°C - 80 500 nA 

ooCto +7ooC - - 800 nA 

Input Resistanca RI 0.3 2 - MO 

Open Loop Differential Voltage Aot. ~~21<O, +25OC 20,000 200,000 - VN 
Gain Vo =±10V 

ooCto +700C 15,000 VN - -
Common Mode Input Voltage VICR +25"0 ±12 ±13 - V 
Range 

Common Mode Rejection Ratio CMRR RsS 101<0 +25°C 70 90 - dB 

Supply Voltage Rejection Ratio PSRR RsS 101<0 +25°C - 30 150 IlVN 
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Specifications CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 

Electrical Specifications For Equipment Design, V± = ±15V (Continued) 

UMITS 

TEST 
CA741C. CAl458 (NOTE 1) 

PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN TYP MAX UNITS 

Output Voltage Swing VOPP RL:! 10k.Cl +25"C ±12 ±14 - V 

RL:!2kO +25"C ±10 ±13 - V 

O"C to +70"C ±10 ±13 - V 

Supply Current I± +25°C - 1.7 2.8 mA 

Device Dissipation Po +25OC - 50 85 mW 

NOTE: 1. Values Apply for Each Section of the Dual Amplifiers 

Electrical Specifications For Equipment Design, V± = ±15V 

UMITS 

TEST 
CA741 , CA1558 (NOTE 1) 

PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN TVP MAX UNITS 

Input Offset Voltage VIO Rs :s; 10k.Cl +25"C - 1 5 mV 

-550C to + 125°C - 1 6 mV 

Input Offset Current 110 +25°C - 20 200 nA 

-55°C - 85 500 nA 

+125OC - 7 200 nA 

Input Bias Current liB +250C - 80 500 nA 

_55°C - 300 1500 nA 

+125OC - 30 500 nA 

Input Resistance RI - 0.3 2 - MO 

Open Loop Differential Voltage Am. RL:! 2k.Cl, +25OC 50,000 200,000 - VN 
Gain Vo =±10V 

-55"C to +125°C 25,000 VN - -
Common Mode Input Voltage VICR -55°C to + 125°C ±12 ±13 - V 
Range 

Common Mode Rejection Ratio CMRR Rs:S; 10k.Cl -55°C to + 125°C 70 90 - dB 

Supply Voltage Rejection Ratio PSRR Rs:S 10k.Cl -55°C to + 125"C - 30 150 "VN 

Output Voltage Swing VOPP RL:!10k.Cl -55"C to +125"C ±12 ±14 - V 

RL:!2k.Cl -550C to +125°C ±10 ±13 - V 

Supply Current I± +25"C - 1.7 2.8 rnA 

-55°C - 2 3.3 rnA 

+125°C - 1.5 2.5 rnA 

Device Dissipation Po +25"C - 50 85 mW 

-55°C - 60 100 mW 

+125°C - 45 75 mW 

NOTES: 

1. Values Apply for Each Section of the Dual Amplifiers 

2. If supply voltage is less than ±15V, the Absolute Maximum Input Voltage is equal to the Supply Vottage 

3. Voltage values apply for each of the dual operational amplifiers 

4. All types in any package style can be operated over the temperature range of -55"C to +125°C, although the published limits for certain 
elecbical specifICation apply only over the temperature range of OOC to +70"C 

2-39 



CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 

Schematic Diagram 
CA741C, CA741 AND FOR EACH AMPLIFIER OF THE CA1458 AND CA1558 

NO INVERTI 
I NPUT 

NO NON-INVERTI 
I NPUT 

· 

· 

~, D1 VD2 

.... 05 

Q2 RS 
38K 

.... 010 

C1 R7 

'r~' 
30pF UK 

r---i 012 

Q11 At 
25K 

. 

_'~C All- D4 
R8 ~ Q3 Q4 

7.SK 

OFFSET 
NULL 

· 
· 

08 

R1 
1K 

M08 

R3 
SOK 

"07 
I-

08;::1-
014 ..... 

VD3 
R2 R4 
1K 3K 

• See Functional Diagram for Terminal Numbers of Respective Type Numbers. 

NOTE: All Resistance Values are In Cl 
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J 01S ~ R10 
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CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 

Typical Performance Curves 
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VOLTAGE FOR ALL TYPES 
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FIGURE 2. OUTPUT VOLTAGE VI SUPPLY VOLTAGE FOR 
ALL TYPES 

DC SUPPLY VOLTS (V+.1 S, V-. ·15) 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

TA. +2SOC. CL .100pF 

25 

r-

20 

5 

o 
-0.5 

_110% I 
II 
I 

I 
I 
I 10% 

o 

RISE TIME 

-0.& 1.0 1.& 2.0 2.5 

TIME (jas) 

3.0 

FIGURE 3. OUTPUT VOLTAGE vs TRANSIENT RESPONSE TIME FOR CA741C AND CA741 

OUTPUT 

.l--'--VOUT 

FIGURE 4. OFFSET VOLTAGE NULL CIRCUIT FOR CA741C 
ANDCA741 

FIGURE 5. TRANSIENT RESPONSE TEST CIRCUIT FOR ALL 
TYPES 
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CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 

Metallization Mask Layout 

57 

50 

40 

o 10 

I I 

CA741CH 

20 30 40 50 

IIIIIIII~ 

61-68 
(1.548 - 1.753) 

CA1458H 

101-108 
(2.565 - 2.768) 

NOTE: Dimensions in parentheses are In millimeters and are de
rived from the basic Inch dimensions as Indicated. Grid grad
uations are In mils (10-3 inch) 
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CA3020 
March 1993 

Multipurpose Wide-Band Power Amps Military, Industrial 
and Commercial Equipment at Frequency Up to 8MHz 

Features 

• High Power Output Class B Amplifier 
- CA3020 ••••••••••••••••••••••• O.5W Typ. at Vcc = +9V 
- CA3020A •.••••••••••••••••••••• 1.0WTyp.atVcc +12V 

• Wide Frequency Range ••• Up to 8MHz With Resistive Loads 

• High Power Gain ••••••••••••••••••••••••••••• 75dB Typ. 

• Single Power Supply For Class B Operation With Transformer 
- CA3020 ••.•••••••••••••••••••••••••••••••• 3V to 9V 
- CA3020A ••••••••••••••••••••••••••••••••• 3V to 12V 

• Built-In Temperatur. Tracking Voltage Regulator Provides 
Stable Operation Over -55°C to +125°C Temperature Range 

Applications 
• AF Power Amplifiers For Portable and Fixed Sound and COmmu-

nications Systems 

• Servo-Control Amplifiers 

• Wld.Band Unear Mixers 

• Video Power Amplifiers 
• TransmlssiOlKlne DrIver Amplifiers (Balanced and Unbalanced) 

• Fan-In and Fan-out Amplifiers For Computer logic Circuits 

• Lamp-Control Amplifiers 

• Motor-Control Amplifiers 

• Power Multivibrators 

• Power SWitches 

• Companion Application Note, AN-5766, "Application of 
CA3020 and CAS020A Integrated Circuit Multipurpose Wid. 
Band Power Amplifiers" 

Description 
The CA3020 and CA3020A are integrated-circuit, multi
stage, multipurpose, wide-band power amplifiers on a single 
monolithic silicon chip. They employ a highly versatile and 
stable direct coupled circuit configuration featuring wide 
frequency range, high voltage and power gain, and high 
power output. These features plus inherent stability over a 
wide temperature range make the CA3020 and CA3020A 
extremely useful for a wide variety of applications in military, 
industrial, and commercial equipment. 

The CA3020 and CA3020A are particularly suited for service 
as class B power amplifiers. The CA3020A can provide a 
maximum power output of 1W from a 12VDC supply with a 
typical power gain of 75dB. The CA3020 provides O.5W 
power output from a 9V supply with the same power gain. 

These types are supplied in hermetically sealed TO-5 style 12 
lead packages. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3020 -55°C to + 125°C 12 Pin Can 

CA3020A -55°C to + 125°C 12 Pin Can 

Pinout 
CA3020, CA3020A 

(CAN) 

Schematic Diagram 
g 8 11 

~CDlFF 3 

OUTPUT 4 
NPN..c: 

TOP VIEW 

y. 

6 

OUTPUT 
NPN-E 

12 2 

The resistance values included on the schematic diagram have been supplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection of·outboard" components 01 equipment designs. 
The values shown may vary as much as 30%. 
Harris reserves the right to make any changes In the Resistance Values provided such chenges do not 
adversely affect the published performance characteristics 01 the device. 

CAUTION: These dwlces are sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures. File Number 339.2 
Copyright @Harris Corporation 1993 
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Specifications CA3020, CA3020A 

Absolute Maximum Ratings 
Power Dissipation 

Without Heat Sink 
At TA = +25°C .•••••••••..•••.••••••••....•••••••• 1W 
Above TA = +25°C .•••••.•.•.•.• Derate Uneerly 6.7mWf'C 

With Heat Sink 
AtTc=+25oo •••••••••••••••.•••.•.•.••••••••••.. 2W 
AtTc= +250C to Tc = +55°C •.••..••...••..••.••••.. 2W 
Above T c = +55°C .•.•.•...•.•. Derate Unearly 16.7 mWf'C 

Junction Temparature • • • • • • • • . . • • • • • • • • • . • . . . • • • • • • + 175°C 
Junction Temparature (Plastic Package) .•••••••••••••. +15O"C 
Lead Temparature (Soldering 10 Sec.) ........••....... +300oC 

Operating Conditions 
Operating Temperature Range .•.•••.•.••••••• -5500 to + 125°C 
Storage Operating Range ...•.•.••..•.••..•.. -65°C to + 15O"C 

CAUTION: Stresses abo1I8 those Ilstsd in 'Absoluts Maximum Ratings' may cause psrmanent damage to the davice. This Is a stress only tating and opetatiDn 
of the device at these or any other conditions abo1I8 those Indicated In the opstatlonal sections of this specificatiDn Is not impUed. 

Maximum VoHage Ratings TA = +250C 

The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect 
to the terminals listed horizontally. For example. the voltage range of the vertical Terminal 1 with respect to 
Terminal 12 is OV to +1 OV. 

TERM 
NO. 1 2 3 4 5 6 7 8 9 10 11 12 

Note 4 Note 4 Note 4 Note 4 Note 4 Note 4 Note 4 Note 5 +3 Note 4 +10 
0 Note 1 0 

1 -1<Y-12 

Note 4 Note 4 Note 4 Note 4 Note 4 Nole4 Note 4 Nole4 Note 4 +2 
2 -2 

Note 4 Note 4 Note 4 Note 4 Nole4 Note 4 Note 4 Note 4 +2 
3 -2 

Note 5 Note 4 Note 4 Nole4 Note 4 Note 4 Nole4 Note 5 
+181+25 +181+25 

4 0 0 

Note 4 Note 4 Note 4 Note 4 Note 4 Note 4 +3 
5 Note 2 

Note 5 Note 4 Note 4 Note 4 Note 4 +3 
0 Note 2 

6 -181-25 

Note 4 Nole4 Note 4 Note 4 Note 5 
+181+25 

7 0 

Note 3 Note 4 Note 4 Note 3 
8 0 

+10 Note 1 +1 <Y+12 
9 0 0 0 

Note 4 +10 
10 0 

11 Note 4 

Ref. 
Sub-

12 strate 

NOTES: 
1. This voltage is established by the maximum current rating. 

Maximum 
Current Ratings 

TERM liN IollT 
NO. rnA rnA 

- 20 
1 

- -2 

- -3 

300 -
4 

5 - 300 

- 300 
6 

300 -
7 

- -8 

9 
20 -

10 
1 -

11 20 -
- -

12 

2. The emitters of Q6 and Q7 may be returned to a negative voltage supply through emitter resistors. Current into terminal No.9 should not 
be exceeded and the total devfce dissipation should not be exceeded. 

3. Terminal No.8 may be connected to terminals No.9. 11. or 12. 
4. Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the specified limits 

between all other terminals are not exceeded. 
5. Higher value is for CA3020A. 
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Specifications CA3020, CA3020A 

Electrical Specifications TA = +25°C 

TEST CONDITIONS 

CIRCUIT" DC SUPPLY 
PROCEDURE VOLTAGE LIMITS CA3020 LIMITS CA3020A 

PARAMETERS SYMBOL FIGURE vcc, VCC2 MIN TYP MAX MIN TYP MAX UNITS 

Collector-ta-Emitter V(BR)CER 1 (Note 1) - - 18 - - 25 - - V 
Breakdown Voltage, 
Os and 0, at lOrnA 

CoUector-ta-Emitter V(BR)CEO - - - 10 - - 10 - - V 
Breakdown Voltage, 
0, atO.lmA 

Idle Currents, Os and 0, Ie IDLE 7 9.0 2.0 - 5.5 - - 5.5 - rnA 
17 IDLE 

Peak Output Currents, 14PK 7 9.0 2.0 140 - - 180 - - rnA 
Os and 0, 17PK 

CUtoff Currents, Os and 0, Ie CUTOFF 7 9.0 2.0 - - 1.0 - - 1.0 rnA 
17 CUTOFF 

Differential Amplifier ICCI 7 9.0 9.0 6.3 9.4 12.5 6.3 9.4 12.5 mA 
Currant Drain 

Total Current Drain ICCI + 7 9.0 9.0 8.0 21.5 35.0 14.0 21.5 30.0 rnA 
1CC2 

Differential Amplifier V2 7 9.0 2.0 - 1.11 - - 1.11 - V 
Input Terminal Voltages V3 

Regulator Terninal Voltage VII 7 9.0 2.0 - 2.35 - - 2.35 - V 

0, Cutoff (Leakage) 
Curren1&: 

Collector-to-Emitter ICEO 10.0 - - - 100 - - 100 IIA -
Emitter-ta-Base lEBO 3.0 - - - 0.1 - - 0.1 IIA 
COllector-to-Base ICBO 3.0 - - - 0.1 - - 0.1 IIA 

Forward Current Transfer hFEl - 6.0 - 30 75 - 30 75 -
Ratio, 0, at 3rnA 

Bandwidth at -3dB Point BW 8 6.0 6.0 - 8 - - 8 - MHz 

6.0 6.0 200 300 - 200 300 - mW 
(Nota 1) (Note 1) 

Maximum Power Output PO(MAX) 9 
9.0 9.0 400 550 - 400 550 - mW 

(Note 1) (Note 1) 

9.0 12.0 - - - 800 1000 - mW 
(Note 2) 

Sensitivity for POUT = elN 9 9.0 9.0 - 35 55 - - - mV 
400mW (Note 1) 

SensitIVIty for POUT = elN 9 9.0 12.0 - - - - 50 100 mV 
800mW (Note 2) 

Input Resistance - RIN3 10 6.0 6.0 - 1000 - - 1000 - 0 
Terminal 3 to Ground 

JunctJon-to-Case 9JC - - - - - 60 - - 60 "e1W 
Thermal to Resistance 

NOTES: 

1. Ace = 1300 

2. Ace=2000 
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Specifications CA3020, CA3020A 

Typical Performance Data (Note 1) A heat sink is recommended for high ambient temperature operation. 

PARAMETERS SYMBOL CA3020 CAS020A UNITS 

Vee1 9.0 9.0 V 
Power Supply Voltage 

VeC2 9.0 12.0 V 

Differential Amplifier ICCI 15 15 rnA 
Zero Signal Current 

Output Amplifier lea 24 24 rnA 

Differential Amplifier ICCI 16 16.6 rnA 
Maximum Signal Current 

Output Amplifier lea 125 140 rnA 

Maximum Power Output at THD = 10% PO 550 1000 mW 

Sensitivity elN 35 45 mV 

Power Gain Gp 75 75 dB 

Input ResIstance AjN 55 55 kn 

Efficiency 11 45 55 % 

Signal-to-Noise Ratio SIN 70 66 dB 

THD at 150mW Level 3.1 3.3 % 

Test Signal Frequency from 6000 Generator 1000 1000 Hz 

Equivalent CoIlector-to-CoIlector Load Resistance Ace 130 200 0 

NOTE: 

1. Refer to Figures 7 through 11 for meesurement and symbol Information. 

(8) COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE 
(Q6 AND Q7) CIRCUIT 

-11-

r----1-1-1------------+Y~ 

&"" 3Y 

1 K r-----+ Yea 
r---t--, 

(b) TYPICAL AUDIO AMPUFIER CIRCUIT UTILIZING THE 
CAS020 OR CA3020A AS AN AUDIO PREAMPLIFIER AND 

CLASS B POWER AMPUFIER 

FIGURE 1. 
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CA3020, CA3020A 
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(8) TEST SETUP (b) CHARACTERISTIC WITH RIO IN CIRCUIT 

FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 4. "MINIMUM DRIVE" TYPICAL CURRENT-VOLTAGE SATURATION CURVE 
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CA3020, CA3020A 

............ -----VCC1 
....----~+2V -Icca 

(a) TEST SETUP 

o 

1 _I 
TA,,+25"C 

.-It. ~ 
./ 

, 
".,.,. 

1 TA_+2S0 C' 

!i: 15 

II! 
a: 
8 

SCLOSED 

i,....o-" ~ -S~PEN 
~ r- ~ -......... I--~ 

~ .. 

15 10 ; 
... r 

2 4 6 8 10 
DIFFERENTIAL AMPUFIER SUPPLY VOLTAGE M 

(b) DIFFERENTIAL AMPUFIER CHARACTERISTICS 

~OSED 

/ 
/' 

SlpEN 
", 

" ~ 
/ ~ 

2 4 II 8 10 
DIFFERENTIAL AMPUFIER SUPPLY VOLTAGE M 

(c) OUTPUT AMPUFIER CHARACTERISTICS 

FIGURE 5. ZERO SIGNAL AMPUFIER CURRENT va DIFFERENTIAL AMPUFIER SUPPLY VOLTAGE 

ICCI -....-...... ----- VCCI 

r--_-++2V -ICC2 

(a) TEST SETUP 

~_'V 

!::!:I_SV r--r-- I---
SCLOSED-

~.gV I I 
SCL~~!L. 

VCCI=3V ,SOP~N 
··1 r-SCLOSED 

o 
-50 ·25 0 25 50 75 100 125 150 

TEMPERATURE (OC) 

(b) DIFFERENTIAL AMPLIFIER CHARACTERISTICS 

FIGURE 6. ZERO SIGNAL AMPLIFIER CURRENT va AMBIENT TEMPERATURE 
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.... 

CA3020, CA3020A 

r-.. VCC1· ev 
~ -.......... r-.. ~ SeLOSED-

VCC1"SV I I 
SeLOSED-

VCCI =9"1 OPEr 

-ieLOjED 
VCC1,,3V 

o so 100 150 

TEMPERATURE ("e) 

(c) OUTPUT AMPLIFIER CHARACTERISTICS 

FIGURE 6. ZERO SIGNAL AMPLIFIER CURRENT vs AMBIENT TEMPERATURE (Continued) 

CURRENTS OR CURRENTS OR 
VOLTAGES S1 S2 VOLTAGES 

14 -IDLE OPEN OPEN ICCI 

..,-IDLE OPEN OPEN 1CC2 

~-PEAK OPEN CLOSE V2 

..,-PEAK CLOSE OPEN Va 

14 -CUTOFF CLOSE OPEN Vl1 

..,-CUTOFF OPEN CLOSE 

FIGURE 7. STATIC CURRENT AND VOLTAGE TEST CIRCUIT 
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+VCCl 

CA3020, CA3020A 

T 
80UT 

1 

PROCEDURES: 

1. Apply desired value of VCCl and VCC2 

2. Apply 1 kHz input signal and adjust for elN = 5mV (rms) 

3. Record the resulting value of eOUT in dB (reference value) 

4. Vary input-signal frequency, keeping elN constant at 5mV, 
and record frequencies above and below 1 kHz at which 
eOUT decreases 3dB below reference value 

5. Record bandwidth as frequency range between -3dB 
points 

FIGURE 8. MEASUREMENT OF BANDWIDTH AT -3dB POINTS 

'T: PUSH-PULL OUTPUT TRANSFORMER; 
LOAD RESISTANCE (RLl SHOULD BE 
SELECTED TO PROVIDE INDICATED 
COLLECTOR-TO-COLLECTOR LOAD 
IMPEDANCE (Reel 

PROCEDURES: 
Zero-Signal DC Current Drain 

1. Apply desired value of V CCl and V CC2 and reduce elN to OV 

2. Record resulting values of ICCl and Icc2 in mA as Zero
Signal DC Current Drain 

Maximum-Signal DC Current Drain, Maximum Power Output, 
Circuit Efficiency, Sensitivity, and Transducer Power Gain 

1. Apply desired value of VCCl and VCC2 and adjust elN to 
the value at which the Total Harmonic Distortion in the 
output of the amplifier = 10% 

2. Record resulting value of ICCl and 1CC2 in mA as Maximum 
Signal DC Current Drain 

3. Determine resulting amplifier power output in watts and 
record as Maximum Power Output (POUT) 

4. Calculate Circuit Efficiency (TI) in % as follows: 

P 
11 = 100 OUT 

VCC11CCl +VCC2ICC2 

where POUT is in watts, VCCl and VCC2 are in volts, and 
ICCl and Icc2 are in amperes. 

5. Record value of elN in mV (rms) required in Step 1 as Sen
sitivity (eIN) 

6. Calculate Transducer Power Gain (Gp) in dB as follows: 

POUT 
Gp = 10log 10-p-

IN 

elN2 
where PIN (in mW) = ::-::-::::-:--:R::-:---

3000+ IN(10)** 

··See Figure 10 for definition of RIN(101 

FIGURE 9. MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, MAXIMUM 
POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 
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CA3020, CA3020A 

PROCEDURES: 
Input Resistance Terminal 10 to Ground (R'Nl0) 

1. Apply desired value of V eel and V CC2 and set 8 in Position 1 
2. Adjust 1-kHz input for desired signal level of measurement 

3. Adjust R for e2 = el/2 
4. Record resulting value of R as R'Nl0 

Input Resistance Terminal 3 to Ground (R'Na> 

1. Apply desired value of Veel and V CO2 set 8 in Position 2 

2. Adjust 1-kHz input for desired signal level of measurement 

3. Adjust R for e2 = el/2 

4. Record resulting value of R as R'N3 

FIGURE 10. MEASUREMENT OF INPUT RESISTANCE 

PROCEDURES: 

'T: PUSH-PUU OUTPUT TRANSFORMER; 
LOAD RESISTANCE (Ru SHOULD BE 
SELECTED TO PROVIDE INDICATED 
COLLECTOR-TO-COLLECTOR LOAD 
IMPEDANCE (Reel 

Signal-to-Noise Ratio 

1. Close 81 and S3; open S2 

2. Apply desired values of Veel and VC02 

3. Adjust e'N for an amplifier output of 150mW and resulting 
value of Eour In dB as Soun (reference value) 

4. Open 81 and record resulting value of SoUl in dB as eOUl2 

90UT1 
5. Signal-to-Noise Ratio (SIN) = 2010g 10--

90UT2 

Total Harmonic Distortion 

1. Close 81 and 82; open S3 

DISTORTION 
ANALVZER 
HEWLETT
PACKARD 
TYPE302A 

OR 
EQUIVALENT 

2. Apply desired values of Veel and VC02 
3. Adjust e'N for desired level amplifier output power 

4. Record Total Harmonic Distortion (THO) in % 

FIGURE 11. MEASUREMENT OF SIGNAL-To-NOISE RATIO AND TOTAL HARMONIC DISTORTION 
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Features 
• Low Power Consumption as Low as 100mW 

Per Amplifier 

• Independent Biasing for Each Amplifier 

• High Forward Transconductance 

• Programmable Range of Input Characteristics 

• Low Input Bias and Input Offset Current 

• High Input and Output Impedance 

• No Effect on Device Under Output Short-CIrcuh 
Conditions 

• Zener Diode Bias Regulator 

Applications 

• For Low Power ConventIonal Operational 
Amplifier Applications 

• Active Flltera 

• Comparators 

• Gyrators 

• Mixers 

• Modulators 

• Muhlplaxers 

• Multipliers 

• Strobing and Gating functions 

• Sample and Hold Functions 

Pinout 
CAS060 
(PDlP) 

TOP VIEW 

8 OUTPUT NO.1 

Description 

CA3060 
Operational Transconductance 

Amplifier Arrays 

The CA3060 monolithic integrated circuit consists of an array of three 
independent Operational Transconductance Amplifiers.* This type of 
amplifier has the generic characteristics of an operational voltage 
amplifier with the exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain (open-loop 
voltage gain is the product of the transconductance and the load 
resistance, 9mRd. When operated into a suitable load resistor and 
with provisions for feedback, these amplifiers are well suited for a 
wide variety of operational-amplifier and related applications. In 
addition, the extremely high output impedance makes these types 
particularly well suited for service in active filters. 

The three amplifiers in the CA3060 are identical push-pull Class A 
types which can be independently biased to achieve a wide range of 
characteristics for specific application. The electrical characteristics of 
each amplifier are a function of the amplifier bias current (IABC)' This 
feature offers the system designer maximum flexibility with regard to 
output current capability, power consumption, slew rate, input resis
tance, input bias current, and input offset current. The linear variation 
of the parameters with respect to bias and the ability to maintain a 
constant dc level between input and output of each amplifier also 
makes the CA3060 suitable for a variety of nonlinear applications 
such as mixers, multipliers, and modulators. 

In addition, the CA3060 incorporates a unique Zener diode regulator 
system that permits current regulation below supply voltages normally 
associated with such systems. 

• Generic applications of the OTA are described in AN-6668. For improved in
put operating ranges, refer to CA3080 and CA3280 data bulletins (Rie Nos. 
475 and 1174) and application notes AN-6668 and AN-6818. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3060E -40"C to +85°C 16 Lead Plastic DIP 

REGULATOR OUT 1 

REGULATOR IN :I 

Y+ 

5 BlASNo.1 

C-.r,.;;-~4':"1 NON-INY.INPUT NO. 1 

INY.INPUT NO. 3 4 

NON-INY.INPUT NO.' L:5=-4.~~ 

BIAS NO. , 6 

OUTPUT NO. 3 7 

3 INY.INPUT NO. 1 

INY.INPUT NO. 2 

NON-INY. INPUT NO. :I 

o BIASNo.:I 

II OUTPUT NO. 2 

CAUTION: These davie. are sensillll8 to electrostatic discharge. Users should Iollow proper 1.0. Handling Procedures. 
Ccpyright @ Harris Corporation 1993 
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Specifications CA3060 

Absolute Maximum Ratings 
Supply Voltage (Between V+ and V- Terminals) •••.••• 36V (±18V) 
Input Voltage ..................................... V+ to V-
Differential Input Voltage (each amplifier) ...••.•••••..••.••• 5V 
Input Current (each amplifier) ............................ ±1mA 
Amplifier Bias Current (each amplifier) .....••.••••...••.•• 2mA 
Bias Regulator Input Current .......................... -5mA 
Output Short Circuit Duration (Note 3) •.•..•.•..•....• Indefinite 
Junction Temperature .............................. +1750C 
Junction Temperature (Plastic Package) •...••• " .••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) ..••....•.••••.. +3000C 

Operating Conditions 
Storage Temperature Range •.•..•••..••••••.• -65OC 10 + 15O"C 
Operating Temperature Range •.•••••••••••••.. -40"C to +85°C 

CAUTION: StnIss8s sbOIl8 /hasfJ listed In "Abso/ulB Maximum Ratings" may caUSfJ parmanBnt damaga to IhB dtwicB. This Is a strBss only fBting and opet8tion 
of IhB dfJ1licfJ at thfJsB or any o/hfJr conditions above /hOSB indicatfJd in IhB operational ssctions of this specification is not irrrplifJd. 

Electrical Specifications TA = +25OC, v+ = 15V, v- = -15V 

LIMITS 

AMPLIFIER BIAS CURRENT 

IASC = 1j1A IAeC -10j1A IASc " 100j1A 

PARAMETERS SYMBOL MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VIO - 1 - - 1 - - 1 5 mV 
(See Rgure 1) 

Input Offset Current 110 - 3 - - 30 - - 250 1000 nA 
(See Rgure 2) 

Input Bias Current 118 - 33 - - 300 - - 2500 5000 nA 
(See Rgures 3, 4) 

Peak Output Current 10M - 2.3 - - 26 - 150 240 - j1A 
(See Figures 5, 6) 

Peak Output Voltage 
(See Rgure 7) 

Positive VOM+ - 13.6 - - 13.6 - 12 13.6 - V 

Negative VOM- - 14.7 - - 14.7 - 12 14.7 - V 

Amplifier Supply Current (aach IA - 8.5 - - 85 - - 850 1200 j1A 
amplifier) 
(See Rgures 8, 9) 

Power Consumption P - 0.26 - - 2.6 - - 26 36 mW 
(each amplifier) 

Input Offset Voltage Sensitivity 
(Note 1) 

Posltlve AVldIN+ - 1.5 - - 2 - - 2 150 jJ.VN 

Negative AVldAV- - 20 - - 20 - - 30 150 jJ.VN 

Amplifier Bias Voltage VAec - 0.54 - - 0.60 - - 0.66 - V 
(Note 2, See Figure 10) 

DYNAMIC CHARACTERISTICS (At 1kHz, Unless Specified Otherwise) 

Forward Transconductance g21 - 1.55 - - 18 - 30 102 - mmho 
(large signal) 
(See Figures 11, 12) 

Common Mode Rejection Ra- CMRR - 110 - - 110 - 70 90 - dB 
tio 

Common Mode Input Voltage VICR +12 to +13 to - +12 to +13 to - +12 to +1310 - V 
Range -12 -14 -12 -14 -12 -14 

DYNAMIC CHARACTERISTICS (At 1kHz, Unless Specified Otherwise) Continued 

Slew Rate (test circuit) SR - 0.1 - - 1 - - 8 - V/iJ.S 
(See Figure 17) 

Open Loop (g21) Bandwidth BWOl - 20 - - 45 - - 110 - kHz 
(See Figure 13) 
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Specifications CA3060 

Electrical Specifications TA = +25"C, v+ = 15V, V- = -15V (Continued) 

LIMITS 

AMPLIFIER BIAS CURRENT 

IASC ·ljiA IASC= 10jiA IASC = l00jiA 

PARAMETERS SYMBOL MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input IIJ1l8(fance Components 

ResisIance (See Figure 14) RI - 1600 - - 170 - 10 20 - kn 

Capacitance at 1 MHz C1 - 2.7 - - 2.7 - - 2.7 - pF 

0uIput Impedance Componen\s 
~ 

ResisIance (See Figure 15) Ao - 200 - - 20 - - 2 - Mn 

Capacitance at lMHz Co - 4.5 - - 4.5 - - 4.5 - pF 

ZENER BIAS REGULATOR CHARACTERISTICS (AlTA = +25"C, ~ = O.lmA) 

Voltage (See Rgure 16) Vz Temperature Coefllclent = 62 6.7 7.9 V 
3mVI"C 

f---
Impedance Zz - 200 300 n 

NOTES: 

1. Conditions for Input Offset Voltage Sensitivlty 
a. Bias clirrent derived from the regulator with an appropriate resistor connected from Terminal 1 to the bias terminal on the amplifier 

under test V+ Is reduced to +13V for V+ sensltivlty and V-Is reduced to -13V for V- sensltivlty. 

b. V+ Sensltivlty In j1V Iv = 
V Offset - V Offset for +13V and -15V Supplies 

1V , 

V- Sensitivity In j1v/v = 
V Offset - V Offset for -13V and +15V Supplies 

lV 

2. Temperature Coefficient; -22mVI"C (at VASe = 0.54, lASe = ljiA); -2.1mV,oC (at VASe = O.06OV,IASe = 10jiA); -1.9mVI"C (at VASe =O.66V, 
lASe = lOOIlA) 

3. Short circuit may be applied to ground or to either supply 

Schematic Diagram 
BIAS REGULATOR AND ONE OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 

ZENER BIAS REGULATOR ,,-----.. _ ... _------_ ..... _------. , 
D! 

, , , , 
2 

, 
3 V+ , 

I ..... J 
, 

l tDz , , , , , 
"'0, , 

1Q1O 

, , , 
[ JOe cqL , 

"'l... 
, , 

1 
, , , , .... , 

J J , , l _____________________ ~..s ... __ ; 
INVER11NG INPUT -

~ (NOTE 1) OUTPUT (NOTE 4) 

NON-INVER11NG INPUT + .. 
Q, ,. 

(NOTE 2) IASC. J aa ~r Da AMPURER BIAS INPUT 
(NOTE 3) '0, '1 

8 ~ 

NOTES: 

1. Inverting Input of Amplifiers 1,2 and 31s on Terminals 13, 12 and 4, respectively. 
2. Non-inverting Input of Ampllfl9rs 1,2 and 31s Terminals 14,11 and 5, respectively. 
3. Amplifier Bias Current of Amplifiers 1, 2 and 31s on Terminals 15, 10 and 6, respectively. 
4. Output of Amplifiers 1,2 and 31s on Terminals 16, 9 and 7, respectively. 
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CA3060 

Typical Performance Curves 
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FIGURE 1. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT 
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FIGURE 5. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS 
CURRENT 
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CURRENT 
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FIGURE 6. PEAK OUTPUT CURRENT vs AMBIENT TEMPERA
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CA3060 

Typical Performance Curves (Continued) 
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CA3060 

Typical Performance Curves (Continued) 
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IN· 
PUT RS 

OUT· EXTERNAL 
PUT LOAD 

TOR CURRENT 

Vz Is measured between Terminal 1 and 8 
V/V3C is measured between Terminals 15 and 8 

[(V+) - (V·) -0.7] VZ-VABC 
RZ = 12 ' RABC = IABC 

Supply Voltage: For both t6V and t15V 

tJ1~0 TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

[LIMO SLEW 
IABC RATE 12 RABc Rs RF Rs Rc Cc -- -- - - j1A VlIlS j1A a n a n n j1F 

100 8 200 62k 100k 100k 51k 100 0.02 

10 1 200 620k 1M 1M 510k 1k 0.005 

1 0.1 2 6.2M 10M 10M 5.1M 00 0 
y. 

FIGURE 17. SLEW RATE TEST CIRCUIT FOR AMPLIFIER 1 OF CA3060 
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CA3060 

Operating Considerations 

The CA3060 consists of three operational amplifiers similar 
In form and application to conventional operational amplifiers 
but suffiCiently different from the standard operational 
amplifier (op amp) to justify some explanation. of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconduc
tance Amplifier (OTA). The characteristics of an ideal OTA 
are similar to those of an ideal op amp except that the OTA 
has an extremely high output impedance. Because of this 
inherent characteristics the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages· of the two input terminals. Thus, the 
transfer characteristics is best described in terms of 
transconductance rather than voltage gain. Other than the 
difference given above, the characteristics tabulated are 
similar to those of any typical op amp. 

The OTA circuitry incorporated in the CA3060 (Figure 1 B) 
provides the equipment designer with a wider variety of 
circuit arrangements than does the standard op amp; 
because as the curves indicate, the user may select the 
optimum circuit conditions for a specific application simply by 
varying the bias conditions of each amplifier. If low power 
consumption, low bias, and low offset current, or high input 
impedance are primary design requirements, then low 
current operating conditions may be selected. On the other 
hand, if operation into a moderate load impedance is the 
primary consideration, then higher levels of bias may be 
used. 

(ABC) 

D1 

COMPLETE OTA CIRCUIT 

FIGURE 18. COMPLETE SCHEMATIC DIAGRAM SHOWING 
BIAS REGULATOR AND ONE OF THE THREE OP· 
ERATIONAL TRANSCONDUCTANCE AMPLIFIERS 

Bias Consideration for Op Amp Applications 

The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the amplifier bias current 
IABC> This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 

In addition, the high output impedance makes these amplifi
ers ideal for applications where current summing is involved. 

The design of a typical operation amplifier circuit (Figure 19) 
would proceed as fQllows: 

Circuit Requirements 
Closed Loop Voltage Gain = 10 (2OdB) 
Offset Voltage Adjustable to Zero 
Current Drain as Low as Possible 
Supply Voltage = ±fN 
Maximum Input Voltage .. ±50mV 
Input Resistance = 20kn 
Load Resistance = 20kn 
Device: CA3060 

INPUT 

+IV 

-~f <4MQ 

-6V 

+6V 

-6V 

FIGURE 19. 20dB AMPLIFIER USING THE CA3060 

Calculation 

-

1. Required Transconductance g21. Assume that the 
open loop gain AoL must be at least ten times the closed 
loop gain. Therefore, the forward transconductance 
required is given by: 

g21 =AoJRL 
= .100118kn 
;:5.5mmho 
(RL = 20kn in parallel with 200kn ;: 1 Bkn) 

2. Selection of Suitable Amplifier Bias Current. The am· 
plifier bias current is selected from the minimum value 
curve of transconductance (Figure 11) to assure that the 
amplifier will provide sufficient gain. For the required 921 
of 5.5mmho an amplifier bias current IABC of 20iJA is 
suitable. 

3. Determination of Output Swing Capability. For a loop 
gain of 10 the output swing is ±O.5V and the peak load 
current 25jJA. However, the amplifier must also supply 
the necessary current through the feedback resistor and 
for Rs = 20kn than RF = 200kn if Aot. = 10. Therefore, 
the feedback loading = 0.51200kn = 2.5jJA. 
The total amplifier current output requirements are, there
fore, ±27.5JlA. Referring to the data given in Figure 5, we 
see that for an amplifier bias current of 20iJA the amplifier 
output current is ±40iJA. This is obviously adequate and it 
is not necessary to change the amplifier bias current IABC. 
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4. calculation of Bias Resistance. For minimum supply 
current drain the amplifier bias current IABC should be fed 
directly from the supplies and not from the bias regulator. 
The value of the resistor RABe may be directly calculated 
using Ohm's law. 

VSUP-VABC 
R - ~.=.,----

ABC - I ABC 

R _ 12-0.63 

ABC - 20x 10-6 

= 568.Skn or ;: S60kn 

S. Calculation of Offset Adjustment Circuit. In order to 
reduce the loading effect of the offset adjustment circuit 
on the power supply, the offset control should be 
arranged to provide the necessary offset current. The 
source resistance of the non-inverting input is made 
equal to the source resistance of the inverting input. 

6 
. 2Ox200x10 n=18kn 
I.e. 220 x 103 -

Because the maximum offset voltage is SmV and an 
additional increment due to the offset current (Figure 2) 
flowing through the source resistance (i.e. 200 x 10.9 x 
18 X 103 volts), therefore, the Offset Voltage Range = 
SmV + 3.6mV = ±B.6mV. The current necessary to 
provide this offset is 

-3 
8.6 x 10 or 0.481LA 
18x 103 

With a supply voltage of ±av, this current can be 
provided by a 10Mn resistor. However, the stability of 
such a resistor is often questionable and a more realistic 
value of 2.2Mn was used in the final circuit. 

Other Considerations 
capacitance Effects 

The CA3060 is designed to operate at such low power level 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
capacitance must always be considered because of its 
adverse effect on frequency response and stability. For 
example a 10kn load with a stray capacitance of 1SpF has a 
time constant of 1MHz. Figure 20 illustrates how a 10kn 
1SpF load modifies the frequency characteristic. 

Capacitive loading also has an effect on slew rate; because 
the peak output current is established by the amplifier bias 
current. IABC (Figure 5), the maximum slew rate is limited to 
the maximum rate at which the capacitance can be charged 
by the 10M. Therefore, SR = dV/dt = ImNCl, where Cl is the 
total load capacitance including strays. This relationship is 
shown graphically in Figure 21. When measuring slew rate 
for this data bulletin, care was taken to keep the total 
capacitive loading to 13pF. 

0 

! ..ao 

z 
~ 

-40 w 
> 

S 
w 
II: -60 

-60L---~~--~~--~--~~ 
0.01 0.1 1.0 10 100 

FREQUENCY (MHz) 

FIGURE 20. EFFECT OF CAPACITIVE LOADING ON 
FREQUENCY RESPONSE 
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D. CL=300pF 
E. CL = 100pF 
F. CL = 30pF 

G. CL = 10pF 
H. CL =3pF 
I. CL=1pF 
J. CL =O.3pF 
K CL =O.1pF 
L. CL = O.03pF 
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100 

FIGURE 21. EFFECT OF LOAD CAPACITANCE ON SLEW RATE 

Phase Compensation 

In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Figure 17. 
The values given in Figure 17 provide stable operation for 
the critical unity gain condition, assuming that capacitive 
loading on the output is 13pF or less. Input phase compen
sation is recommended in order to maintain the highest 
possible slew rate. 

In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following compen· 
sation assures a high slew rate. 
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Applications 

Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op amps, and thus, are well suited for most op 
amp applications, including inverting and non-inverting 
amplifiers, integrators, differentlators, summing amplifiers 
etc. 

Tri-Level Comparator 

Tri-level comparator circuits are an Ideal application for the 
CA3060 since it contains the requisite three amplifiers. A tri
level comparator has three adjustable limits. If either the 
up~r lower I.imit Is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-Ievel comparators are particularly 
suited to many industrial control applications. 

INPUT SIGNAL 
(Esl 

Circuit Description 

Fi~ure 23 shows the block diagram of a tri-level comparator 
uSing the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper limit and lower limit 
reference voltages. The third amplifier is used to compare 
the input signal with a selected value of Intermediate limit 
reference voltage. By appropriate selection of resistance 
ratios this intermediate limit may be set to any voltage 
between the upper limit and lower limit values. The output of 
the upper limit and lower limit comparator sets the corre
sponding upper or lower limit flip-flop. The activated flip-flop 
retains its state until the third comparator (intermediate limit) 
In the CA3060 initiates a reset function, thereby indicating 
that the signal voltage has returned to the intermediate limit 
selected. The flip-flops employ two CA30B6 transistor array 
ICs, with circuitry to provide separate ·SET" and ·POSITIVE 
OUTPUT" terminals. 

UPPERUMIT 
FUP-FLOP 

WHEN INTERMEDIATE REFERENCE 
UMIT IS EXCEEDED 

LOWERUMIT 
REFERENCE 

VOLTAGE 

RS 
10k 

CA3086 

LOWERUMIT 
FUP-FLOP 

NOTES: 1. Items in dashed boxes are external to the 2. Es > EU = Q1 (ON) ,Q2 (OFF) 
CA3086. All resistance values are In n. 

FIGURE 22. TRI-LEVEL COMPARATOR CIRCUIT 
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UPPERUMIT 
REFERENCE 

VOLTAGE 

INPUT 
SIGNAL 

INTERMEDIATE 
UMITREFER

ENCE VOLTAGE 
LOWERUMIT 
REFERENCE 

VOLTAGE 

v+ 

POSI11VE 
OUTPUT ---or'" (WHEN LOWER 

UMITIS 
y. REACHED) 

FIGURE 23. FUNCTIONAL BLOCK DIAGRAM OF A TRI-LEVEL 
COMPARATOR 

The circuit diagram of a tri-Ievel comparator appears in Figure 
22. Power is provided for the CA3060 via terminal 3 and B by 
±6V supplies and the built-in regulator provides amplifier bias 
current (IABe> to the three amplifiers via terminal 1. Lower limit 
and upper limit reference voltages are selected by appropriate 
adjustment of potentiometers Rl and R2, respectively. When 
resistors R3 and R.t are equal in value (as shown), the inter
mediate limit reference voltage is automatically established at 
a value midway between the lower limit and upper limit values. 
Appropriate variation of resistors R3 and R4 permits selection 
of other values of intermediate limit voltage. Input signal (Es) 
is applied to the three comparators via terminals 5, 12 and 14. 
The USEr output lines trigger the appropriate flip-flop when
ever the input signal reaches a limit value. When the input sig
nal retums to an intermediate value, the common flip-flop 
"RESEr line is energized. The loads in the circuits, shown in 
Figure 22 are 5\1, 25mA lamps. 

L .. 10kH 

TERMINAL 
B 

2Mn 

v+ 

f'- 20 20 
leO leO 

3"F 

2Mn 

FIGURE 24. TWO OPERATIONAL TRANSCONDUCTANCE AM
PLIFIERS OF THE CA3060 CONNECTED AS A GY
RATOR IN AN ACTIVE FILTER CIRCUIT 

Active Filters· Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Figure 24 shows two OTAs of the CA3060 connected as a 
gyrator in an active filter circuit. The OTAs in this circuit can 
make a 3J.LF capaCitor function as a floating 10kH inductor 
across Terminals A and B. The measured Q of 13 (at a 
frequency of 1 Hz) of this inductor compares favorably with a 
calculated Q of 16. The 20kQ to 2MQ atlenuators in this 
circuit extend the dynamic range of the OTA by a factor of 
100. The 100kQ potentiometer, across V+ and V-, tunes the 
inductor by varying the g21 of the OTAs, thereby changing 
the gyration resistance. 

Three Channel Multiplexer 

Figure 25 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N153 MOSFET as a buffer 
and power amplifier. 

STROBE 

FIGURE 25. THREE CHANNEL MULnPLEXER 

When the CA3060 is connected as a high input impedance 
voltage follower, and strobe "ON", each amplifier is activated 
and the output swings to the level of the input of the 
amplifier. The cascade arrangement of each CA3060 
amplifier with the MOSFET provides an open loop voltage 
gain in excess of 1OOdB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. Operation at 
±6V is also possible with several minor changes. First, the 
resistance in series with the amplifier bias current (IABe> ter
minal of each amplifier should be decreased to maintain 
1001lA of strobe ·ON" current at this lower supply voltage. 
Second, the drain resistance for the MOSFET should be 
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decreased to maintain the same value of source current. 
The low cost dual gate protected MOSFET, 40841 type, may 
be used when operating at the low supply voltage. 

The phase compensation network consists of a single 3900 
resistor and a 1000pF capacitor, located at the Interface of the 
CA3060 output and the MOSFET gate. The bandwidth of the 
system is 1.5MHz and the slew rate is O.3V/1-lS. The system 
slew rate is directly proportional to the value of the phase 
compensation capacitor. Thus, with higher gain settings 
where lower values of phase compensation capacitors are 
possible, the slew rate is proportionally increased. 

Non-Linear Applications 
AM Modulator (Two Quadrant Multiplier) 

Figure 26 shows Amplifier 3 of the CA3060 used in an AM 
modulator or two quadrant multiplier circuit. When modula
tion is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input, Terminal A, the 
waveform, shown in Figure 26 is obtained. Figure 26 is a 
result of adjusting the input offset control to balance the 
circuit so that no modulation can occur at the output without 
a carrier input. The linearity of the modulator is indicated by 
the solid trace of the superimposed modulating frequency. 
The maximum depth of modulation is determined by the ratio 
of the peak input modulating voltage to V-. 

The two quadrant multiplier characteristic of this modulator is 
easily seen if modulation and carrier are reversed as shown 
in Figure 26. The polarity of the output must follow that of the 
differential input; therefore, the output is pOSitive only during, 
the poSitive half cycle of the modulation and negative only in 
the second half cycle. Note, that both the input and output 
signals are referenced to ground. The output Signal is zero 
when either the differential input or IABC are zero. 

Four Quadrant Multiplier 

The CA3060 is also useful as a four quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifiers 1, 2 

+IV 

CARRIER 

TE=M. 10kn 
1kn 

1kn 

= 

V+~y. 
MODULATION 100kn 

TERM. 
B 

10kn 

and 3 is shown in Figure 27 and a typical circuit is shown in 
Figure 28. The multiplier consists of a single CA3060 and, 
as in the two quadrant multiplier, exhibits no level shift 
between input and output. In Figure 27, Amplifier 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier 1 is calculated as follows: 

10(1) = [-Vxl [g21(1)] Equation 3 

Amplifier 2 is a non-inverting amplifier so that 

10(2) ,. [+Vxl [g21 (2)] Equation 4 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, fOr an output 
voltage 

Vo = VXRL [g21 (2) - g21(1)] Equation 5 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g21 is also controlled. Amplifier 2 bias current is propor
tional to the V-input signal and is expressed as 

(V-) +VY 
I ABC(2) .. R 1 Equation 6 

Hence, 

g21(2) ~ k [(V-) + Vy] Equation 7 

Bias for Amplifier 1 is derived from the output of Amplifier 3 
which is connected as a unity gain inverting amplifier. IABC(I)' 
therefore, varies inversely with Vy. And by the same reason
ing as above 

g21(1) ~ k [(V-) - Vy] Equation 8 

Combining Equations 5, 7 and 8 yields: 

Vo" VX. k. RL {[(Vol + Vy]- [(Vol - VyJ) or vo" 2kRLVXVy 

FIGURE 26. TWO QUADRANT MULTIPLIER CIRCUIT USING THE CA3060 WITH ASSOCIATED WAVEFORMS 
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10(2) 

FIGURE 27. FOUR QUADRANT MULTIPLIER 

Figure 28 shows the actual circuit including all the adjust
ments associated with differential input and an adjustment 
for equalizing the gains of Amplifiers 1 and 2. Adjustment of 
the circuit is quite simple. With both the X and Y voltages at 
zero, connect Terminal 10 to Terminal 8. This procedure 
disables Amplifier 2 and permits adjusting the offset voltage 
of Amplifier 1 to zero by means of the 100kn potentiometer. 
Next, remove the short between Terminal 10 and 8 and 
connect Terminal 15 to Terminal 8. This step disables 
Amplifier 1 and permits Amplifier 2 to be zeroed with the 
other potentiometer. With AC signals on both the X and Y 
inputs, R3 and R11 are adjusted for symmetrical output 
signals. Figure 29 shows the output waveform with the 
multiplier adjusted. The voltage waveform in Figure 29a 
shows suppressed carrier modulation of 1 kHz carrier with a 
triangular wave. 

Figures 29b and 29c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases 
the output is always positive and returns to zero after each 
cycle. 

FIGURE 28. TYPICAL FOUR QUADRANT MULTIPLIER CIRCUIT 

_I II II 
----------

L b. c. 

FIGURE 29. VOLTAGE WAVEFORMS OF FOUR QUADRANT MULTIPLIER CIRCUIT 
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Features 
• Low Standby Power ••••••••••••• As Low As 700nW 

• Wide Supply Voltage Range •• , .••.•••• ±O.7SV to ±15V 
• High Peak Output Current •••••••••••••• 6.5mA min. 

• Adjustable Quiescent Current 

• Output Short Circuit Protection 

Applications 
• Portable Electronics • Telemetry 

• Medical Electronics • Intrusion Alarms 

• Instrumentation 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3078AE -55"C to + 125°C 8 Lead Plastic DIP 

CA3078AM -55"C to + 125°C 8LeadSOlC 

CA3078AM96 -55°C to + 125°C 8LeadSOIC' 

CA3078AT -55"C to + 1250C 8 Pin Can 

CA3078E OOC to +70"C 8 Lead Plastic DIP 

CA3078M OOC to +70"C 8 Lead SOIC 

CA3078M96 ooc to +7O"C 8LeadSOIC' 

CA3078T OOC to +7O"C 8 Pinean 

• Denotes Tape and Reel 

CA3078 
Micropower Operational Amplifier 

Description 
The CA3078 and CA3078A are high gain monolithic 
operational amplifiers which can deliver milliamperes of 
current yet only consume microwalls of standby power. Their 
operating points are externally adjustable and frequency 
compensation may be accomplished with one external 
capacitor. The CAS078 and CA3078A provide the designer 
with the opportunity to tailor the frequency response and 
improve the slew rate without sacrificing power. Operation 
with a single 1.5V battery is a practical reality with these 
devices. 

The CAS078A is a premium device having a supply voltage 
range of V± = O.75V to V± = 15V. The CAS078 has the same 
lower supply voltage limit but the upper limit is V+ = +6V and 
v- = -sv. 

Pinouts Schematic Diagram 
CA307a (PDIP, SOIC) 

TOP VIEW 

COMP(8aCOMP 
INY.INPUT v+ 

NON-INY. 3 6 OUTPUT 
INPUT 

Yo 4 BIAS 

INY. 
INPUT 

CA3078 (TO-5 CAN) 
TOP VIEW 

NOTE: Pin 41s connected to case. 

CA3078 AND CA3078A 

CAUTION: These dwlces are sensltlw 10 eleclroalallc discharge. Ua8/S should follow proper I.C. Handling Procedures. 
Copyright @Harrls Corporation 1993 

File Number 535.2 



Specifications CA3078, CA3078A 

Absolute Maximum Ratings TA = +2500 

Supply Voltage (Between V+ and V· Terminal) 
CA3078 •••.•..•..••.•••.•.•••..•..•••••••••.•••.. 14V 
CA3078A .•.•..••.•••.•..•.••••..•.•••.••••••••••• 36V 

Differential Input Voltage •••••.•.•••••••••••••••••••••••• 6V 
Input Voltage ....•.••••••.••••.••..••••••••••••••• V+ to V
Input Current. ...•...•..•••.•..••.•..••••••.••••••• 0.1 rnA 
Output Short Circuit Duration (Note 1) ....••••••.•• No Umitation 
Junction Temperature ••••.••••••••••.••••••••••••.• +1750C 
Junction Temperature (Plastic Package) •.•.•.••.•••••• +1oooC 
Lead Temperatura (Soldering 10 Sec.) ................. +3OO"C 

Operating Conditions 
Operating Temperatura Range 

CA3078 .••.••.•..•••••.•..••.•.••••••.••• O"C to +7O"C 
CA3078A ••.••••..•••••.••.••.•••••••••• ·5500 to +12500 

Storage Temperature Range •.••••••.•.•.••••. ·6500 to +1oooC 

CAUTION: S_ ab .... /hose listed in 'Absalu'" Maximum Ratings" may cause permanant damage to tIMl davies. This is • strsaa only 18ting IIIId operation 
of Ihe dlWit:a .t thesa or any olher conditions abo ... /hose Indicated In 1M ope18lionaJ sections of /his spscl/ication is not i""Usd. 

Electrical Specifications For Equipment DesIgn 

CA3078A UMITS CA3078 LIMITS 

TEST CONDITIONS RSET= 5.1MO RSET=1MO 

TA=-55OCto TA=OOCto 
TA = +2500 +1~C TA=+2SOC +70"C 

V+ Rs RL 
SYMBOL andY· (ItO) (ItO) MIN TYP MAX MIN MAX MIN TYP MAX MIN MAX UNITS 

VIO ±6V :5:10 · · 0.70 3.5 · 4.5 · 1.3 4.5 · 5 mV 

110 · · · 0.50 2.5 · 5.0 · 6 32 · 40 nA 

118 · · · 7 12 · 50 · 60 170 · 200 nA 

Act. · :!:10 92 100 · 90 · 88 92 · 86 · dB 

IQ · · · 20 25 · 45 · 100 130 · 150 pA 

Po · · · 240 300 · 540 · 1200 1560 · 1800 I1W 

YOM · :!:10 ±5.1 ±S.3 · ±S · ±S.1 ±5.3 · ±5 · V 

VICR :5:10 · · ·5.510 · ·510 · · ·5.510 · -510 · V 
+5.8 +5 +5.8 +5 

CMRR :5:10 · 80 115 · · · 80 110 · · · dB 

IoM+ or 10M" · · · 12 · 5.5 30 · 12 · 6.5 30 rnA 

tNv:/AV+ :5:10 · 76 105 · · · 76 93 · · · I1VN 

AVidAV· :5:10 · 76 105 · · · 76 93 · · · I1VN 

RSET=13MO 

VIO ±15V :5:10 · · 1.4 3.5 · 4.5 · · · · · mV 

Act. · :!:10 92 100 · 88 · · · · · · dB 

IQ · · · 20 30 · 50 · · · · · pA 

PD · · · 600 750 · 1350 · · · · · I1W 

YOM · :!:10 ±13.7 ±14.1 · ±13.5 · · · · · · V 

CMRR :5:10 · 80 106 · · · · · · · · dB 

118 · · · 7 14 · 55 · · · · · nA 

110 · · · 0.50 2.7 · 5.5 · · · · · nA 

NOTE: 

1. Short circuit may be applied to ground or 10 either supply. 
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Specifications CA3078, CA3078A 

Electrical Specifications TA = +2500, l\'Plcai Values Intended Only for Design Guidance 

TYPICAL VALUES 

CA3078A CA3078 

V+ .. +1.3V, V+=+O.75V, V+=+1.3V; V+=+0.75V, 
V· .. ·1.3V V·=·0.75V V· = ·1.3V V·=·0.75V 

SYMBOL RSET = 2MO RSET =10MO RSET= 2MO RSET=10MO UNITS 

VIO 0.7 0.9 1.3 . 1.5 mV 

110 0.3 0.054 1.7 0.5 nA 

118 3.7 0.45 9 1.3 nA 

AoL 84 65 80 60 dB 

10 10 1 10 1 jiA 

PD 26 1.5 26 1.5 IlW 

VoPP 1.4 0.3 1.4 0.3 V 

VieR -0.8 to +1.1 -0210+0.5 -0.810+1.1 -0.2 to +0.5 V 

CMRR 100 90 100 90 dB 

10Mi 12 0.5 12 0.5 rnA 

AVloI!:N± 20 50 20 50 IlVN 

ElectricalSpecifications TA = +25°C and V+ = +BV, V- = .fJV, lYPlcai Values Inlended Only for Design Guidance 

CA3078A CA3078 

SYMBOL TEST CONOmONS RSET =5.1MO RSET =IMO RSET= lMO UNITS 

AVioIATA Rs S10kO 5 6 6 IlVf'C 

AlioIATA Rs Sl0kO 6.3 70 70 pA/'C 

BWoL 3dBpt 0.3 2 2 kHz 

SR See Figures 18, 19 0.027 0.04 0.04 VlilS 

0.5 1.5 1.5 VlilS 

~ 10% 10 90% Rise Time 3 2.5 2.5 ilS 

RI - 7.4 1.7 0.87 MO 

Ro - 1 0.8 0.8 kO 

eN(10Hz) Rs=O 40 . 25 nVNHz 

IN(10Hz) Rs= lMO 0.25 . 1 pANHz 
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Typical Performance Curves 
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CA3078, CA3078A 

Typical Performance Curves (Continued) 

V+ _ +1.3, \L _ -1.3 I 
TA_+25"C RL-601en --",- .--
/' ;;......-~ ~101en lien , 

"~~: in 
0.5 1.0 1.1 2.0 

TOTAL QUIESCENT CURRENT iliA) 

FIGURE 7. OUTPUT VOLTAGE SWING va TOTAL QUIESCENT 
CURRENT 

100 
: IQdOIlA 
4 TA-+WC 

2 

III 
8 

10 

• VICR", 
4 

~ If'VOM 
2 

/ V 
8 

• 
4 

2 

2 4 68 2 4 •• 2 4 •• 2 4 • 8 

1 
+1 +10 +100 

1 -1 -10 -100 

~ SUPPLY VOLTS (V+, \L) I 
1 

~ 

1 

-Vier" -YOM 
~ 

-1 0 

~ 

FIGURE 9. OUTPUT AND COMMON MODEVOLTAGEvs SUPPLY 
VOLTAGE 

~ 40 

Z ~r---+---;----r---t~~~~~-1rl 

~ o RL-10kO, TA- +25"C 
Ct. BElWEEN TERMINALS 1 AND 8 

-2~1 101 102 103 104 

FREQUENCY (Hz) 

FIGURE 8. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FOR 
CA3078 

CA3078A 
1~ V+ ..... \L_ .. +---;----+---I----t---I i IgdDiJA 

Z 100 ~iiiiii~iiiiid==~;;;;;:1I--t:7Cl = OpF 0 is 
~ Cl-10pF w I =30pF 100 I§ 

:;/60 «I> 200 e 
~ . ~ 
~ -I § ;; 
z~ ~~ 

~ 0 RL-10kn f 
TA_+25"c 

-20 Cl. BElWEEN TERMINALS 1 AND 8 

0.1 1 101 102 1.03 104 105 10' 
FREQUENCY (Hz) 

FIGURE 10. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FOR 
CA3078A 

1.75 

>' 1.50 
!. 
I 1.25 
!j 
~ 1.00 

Iii 
~ 0.75 

!; 0.5 0 
~ 

iii 
D.25 

o 

V+=.s,W=-I 
./ 

~3078 I / , 19.100ilA 

V 
,/ ~'or8A l-

V 19·~1lA --
~ ~ ~ 0 a ~ n ~ ~ 

TEMPERATURE ("C) 

FIGURE 11. INPUT OFFSET VOLTAGE va TEMPERATURE 

2-68 



CA3078, CA3078A 

Typical Performance Curves (Continued) 
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CA3078, CA3078A 

Typical Performance Curves (Continued) 
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CA3078, CA3078A 

TABLE 1. UNITY GAIN SLEW RATE VB COMPENSATION - CA3078 AND CA3078A 

Supply Volts: V+ = +6, V· = -6, Output Voltage No) = ±5V, Load Resistance (RJ = 10ka, Transient Response: 10% overshootfor an output 
voltage of 100mV, Ambient Temperature (T oJ = +25°C 

COMPENSATION Rl 

TECHNIQUE kn 

CA3078 • 10 = 1001lA 

Single Capacitor 0 

Resistor & Capacitor 3.5 

Input 00 

CA3078A • 10 = 201lA 

Single Capacitor 0 

Resistor & Capacitor 14 

Input 00 

Operating Conditions 

Compensation Techniques 

UNITY GAIN (INVERTING) 
FIGURE 22 

Cl R2 C2 

pF kn IlF 

750 00 0 

350 00 0 

0 0.25 0.306 

300 00 0 

100 00 0 

0 0.644 0.156 

The CA3078A and CA3078 can be phase compensated with 
one or two external components depending upon the closed 
loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from Terminal 1 to Terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figures 20 and 21. 
These curves represent the compensation necessary at 
quiescent currents of 1001lA and 201lA, respectively, for a 
transient response with 10% overshoot. Figures 18 and 19 
show the slew rates that can be obtained with the two 
different compensation techniques. Higher speeds can be 
achieved with input compensation, but this increases noise 

Test Circuits 

Rl} OPTIONAL 
RZ.C2 COMPo 

100kn 
v+ 

RSET 

UNITY GAIN (NON-INVERTING) 
FIGURE 23 

SLEW RATE Rl Cl R2 C2 SLEW RATE 

V/IlB kn pF I kn IlF V/IlB 

0.0085 0 1500 00 0 0.0095 

0.04 5.3 500 00 0 0.024 

0.67 00 0 0.311 0.45 0.67 

0.0095 0 800 00 0 0.003 

0.027 34 125 00 0 0.02 

0.29 00 0 0.77 0.4 0.4 

output. Compensation can also be accomplished with a 
single capacitor connected from Terminal 1 to Terminal 8, 
with speed being sacfificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 1001lA 
and 20~A. 

Single Supply Operation 

The CA3078A andCA3078 can operate from a single supply 
with a minimum tolal supply voltage of 1.5V. Figures 25 and 
26 show the CA3078A or CA3078 in inverting and non
inverting 20dB amplifier configurations ulilizing a 1.5V type 
"AA" cell for a supply. The total consumption for either circuit 
is approximately 675nW. The output voltage swing in this 
configuration is 300mVp-p with a 20kn load. 

v+ 
100kn 

FIGURE 22. TRANSIENT RESPONSE AND SLEW RATE, UNITY FIGURE 23. SLEW RATE, UNITY GAIN (NON-INVERTING) TEST 
GAIN (INVERTING) TEST CIRCUIT CIRCUIT 
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CA3078, CA3078A 

Test Circuits (Continued) 

NON-INVER11NG 

INPUT FIJ 

~f Ra 
1M 

Yo 

Vp-p 510kn 

r.~ 

Value of RB required to haVB a 
null adjustment range of ±7.5mV 
*R _ RI~V+ 

B (RI + RF) 7.5 x 10-11 

assuming Rs > > ~ RF 
RI+~ 

INVER11NG 

INPUT lit 

~f RB 
1M 

Yo 

FIGURE 24. OFFSET VOLTAGE NULL CIRCUITS 

5.1MQ 

1.5V + 
"M"CELl. • 

Value of RB required 10 h8VB a 
null adjustment range of ±7.5mV 

RIV+ 
Rs - 7.5 x 10-11 

assuming Rs > > ~ 

5.1Mn 

1.5V + 
"AA"CELL • 

FIGURE 25. INVERTING 20dB AMPUFIER CIRCUIT FIGURE 26. NON·INVERTING 20dB AMPUFIER CIRCUIT 
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Features 
• Slew Rata (Unity Gain, Compensated) •••••••• 50Vlms 

• Adjustable Power Consumption ••••••• 1 0I1W to 30l1W 

• Flexible Supply Voltage Range .......... ±2V to ±15V 

• Fully Adjustable Gain •••••••••••••• 0 to gmRL Limit 

• Tight gu Spread: 
• CA3080 •••••••••••••••••••••••••••••••••• 2:1 
• CA3080A •••••••••••••••••••••••••••••••• 1.6:1 

• Extended gu Linearity •••••••••••••••••• 3 Decades 

Applications 
• Sample and Hold • Multiplier 

• Multiplexer • Comparator 

• Voltage Follower 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

CA3080 O"C to +70"C S Pin Can 

CA3080A -55"C to + 125°C SPinCan 
CA3080AE -55"C to + 125°C S Lead Plastic DIP 

CA3080AM -55"C to + 125°C SLeadSOIC 

CA3080AM96 -55"C to + 125°C SLeadSOIC' 

CA3080E O"C to +70"C S Pin Can 

CA3080M O"C to +70"C 8 LeadSOIC 

CA3080M96 O"C to +70"C SLeadSOIC' 

• Denotes Tape and Reel 

CA30BO 
Operational Transconductance 

Amplifier (OTA) 

Description 
The CA3080 and CA3080A types are Gatable-Gain Blocks 
which utilize the unique operational-transconductance-amplifier 
(OTA) concept described in Application Note ICAN-6668, "Appli
cations of the CA3080 and CA3080A High-Performance Opera
tional Transconductance Amplifl9l'S". 

The CA3080 and CA3080A types have differential input and a 
single-ended, push-puU, class A output. In addition, these types 
have an amplifier bias input which may be used either for gating 
or for linear gain control. These types also have a high output 
impedance and their transconductance (g",) is directly propor
tional to the amplifier bias current (IABC). 

The CA3080 and CA3080A types are notable for their excellent 
slew rate (50V/J,ls), which makes them especially useful for 
multiplexer and fast unity-gain IIOItage followers. These types are 
especially apprlCabie for multiplexsr applications because power 
Is consumed only when the devices are in the "ON" channel 
state. 

The CA3080A is rated for operation over the full military-tem
perature range (-55°C to +125°C) and its characteristics are 
specifICally controlled for applications such as sample-hold, 
gain-control, multiplex, etc. Operational transconductance 
amplifiers are also useful in programmable power-switch 
applications, e.g., as described in Application Note AN6048, 
·Some Applications of a Programmable Power Switch/Ampli
fier" (CA3094, CA3094A, CA3094B). 

Pinouts CA3080 (PDIP, SOle) 
TOP VIEW 

Schematic Diagram 

NC 1 

INY. 
INPUT 

NON-INY. 3 
INPUT 

CA30ao (T0-5 CAN) 
TOP VIEW 

NOTE: Pin 4 is connected to case. 

AMPURER 
BIAS INPUT 

INVERTING 
INPUT 
NON
INVERTING 31---1---' 
INPUT 
AUPUFIER & 
BIAS INPUT 

CAUTION: These d8\llces are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications CA3080, CA3080A 

Absolute Maximum Ratings 
Supply Voltage (Between V+ and V- Terminal) ••••..•.••.••• 36V 
Differenliallnput Voltage ................................ 5V 
Input Voltage., .................................... V+ to V-
Input Signal Current .................................. 1 rnA 
Amplifier Bias Current (IABC) ............................ 2rnA 
Power Dissipation •••...•.•.•••••••••••••.•.••••••• 125mW 
Output Short Circuit Duration (Nota 1) •••••••••.••• No Umltatlon 
Junction Temperature .............................. + 175°C 
Junction Temperature (Plastic Package) ••••••••.•..••. + 15O"C 
Lead Temperature (Soldering 1 0 Sec.) •••••••••••.••••• t3OO"C 

Operating Conditions 
Operating Temperatura Range 
CA3080 ................................... OOC to +700C 
CA3080A ................................ -5500 to +125°C 

Storage Temperature Range •.......•..•.•.•.. -6500 to + 15O"C 

CAUTION: StreSses abo"" those listed in "Absolute Maximum Ratings" may cause permsnent damage to the davies. This is a strBss only taling and op8I8tion 
6f the datIIctJ at _ or any other condllions _ those Indicated in the opetationsJ sections of this specification is not ifTJ>Ued. 

Electrical SpeCifications For Equipment Design, T" = +25"C, Unless Otherwise Specified 

CA3080 
TEST CONDITIONS UMITS 

V+ = 15V, V-. -15V 
PARAMETERS SYMBOL IASC = 500jIA MIN TYP MAX UNITS 

VIO - 0.4 5 mV 
Input Offset Voltage 

T" = 0 to +700C - - 6 mV 

Input Offset Current /10 - 0.12 0.6 jIA 

II - 2 5 jIA 
Input Bias Current 

T" = 0 to +700C - - 7 jIA 

gM 6700 9600 13000 jIITlho 
Forward 1l'anaconductance (Large Signal) 

T" = 0 to +700C 5400 jUllho - -
10M RL=on 350 500 650 jIA 

Peak Output Current 
RL = on, T" = 0 to +700C 300 - - jIA 

Peak Output Voltage: V+OM RL=oo 

Posltlve 12 13.5 - V 

Negative V-OM RL =00 -12 -14.4 - V 

Amplifier Supply Current I" 0.8 1 1.2 rnA 

Device Dissipation PD 24 30 36 mW 

Input Offset Voltage Sensitivity: I1Vv;jI1V+ 

Positive - - 150 IlVN 

Negative tNldl1V- - - 150 IlVN 

Common-Mode Rejection Ratio CMRR 80 110 - dB 

Common-Mode Input-Voltage VICR 12to 13.6 to - V 
-12 -14.6 

Input Resistance R. 10 26 - kG 

NOTE: 

1. Short circuit may be applied to ground or to either supply. 
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Specifications CA30BO, CA30BOA 

Electrical Specifications Typical Values Intended Only lor Design Guidance, TA = +250C, 
Unless Otherwise Specified 

TEST CONDITIONS 

V+ = 15Y, y. = -15Y 
PARAMETERS SYMBOL IABC = SOOJ,LA 

Input Offset Voltage YIO 'ABC = 5J,LA 

Input Offset Yoltage Change 1!V1O 'ABC = 5OOJ.LA to 'ABC = 5J.LA 
Peak Output Current 10M IABc = 5J,LA 

Peak Output Voltage: IABC = 5J,LA 

Positive V+OM 

Negative V·OM 

Magnitude 01 Leakage Current 'ABC = 0, VTP = 0 

'ABC = 0, VTP = 36V 

Differential Input Current IABC = 0, VOIFF = 4V 

Amplilier Bias Yoltage VABC 

Slew Rate: SR 

Maximum (Uncompensated) 

Unity Gain (Compensated) 

Open-Loop Bandwidth BWOl 

Input Capacitance CI 1= 1 MHz 

Output Capacitance Co 1=1 MHz 

Output Resistance Ro 
Input·ta-Output Capacitance CI.() 1= 1 MHz 

Propagation Delay IpHl, IplH 'ABC = 500J,LA 

Electrical Specifications For Equipment Design, TA = +25°C. Unless Otherwise Indicated 

TEST CONDITIONS 

Y+ = 15Y, y. = -15Y 
PARAMETERS SYMBOL IABC = SOOJ,LA 

Input Offset Voltage Via ,ABC = 5J,LA 

TA = -55 to +125°C 

Input Offset Voltage Change 1!V10 IABC = 500J,LA to 'ABC = 5J,LA 

Input Offset Current 110 

Input Bias Current II 

TA = -55°C to +125°C 

Forward Transconductance (Large Signal) gM 

TA = -550C to +125OC 

Peak Output Current 10M 'ABC = 5J,LA. Rl = on 

Rl=On 

Rl = on, TA = -55°C to +125°C 

2-75 

CA3080 
TYP UNITS 

0.3 mV 

0.2 mY 

5 J,LA 

13.8 V 

-14.5 V 

0.08 nA 

0.3 nA 

0.008 nA 

0.71 V 

75 V/JlS 

50 V/JlS 

2 MHz 

3.6 pF 

5.6 pF 

15 Mn 

0.024 pF 

45 ns 

CA3080A LIMITS 

MIN TYP MAX UNITS 

· 0.3 2 mV 

· 0.4 2 mY 

· · 5 mV 

· 0.1 3 mY 

· 0.12 0.6 IIA 

· 2 5 J,LA 

· · 15 J,LA 

7700 9600 12000 II"Iho 

4000 · . II"Iho 

3 5 7 J,LA 

350 500 650 J,LA 

300 - - J,LA 



Specifications CA30S0, CA30S0A 

Electrical Specifications For Equipment Design, TA = +25°C, Unless Otherwise Indicated (Continued) 

TEST CONDITIONS CA3080A LIMITS 

Y+ = 15Y, Y- = -15Y 
PARAMETERS SYMBOL IABC = 500).IA MIN TVP MAX UNITS 

Peak Output Yoltage: IABC = 5).IA, RL = ~ 

Positive Y+oM 12 13.8 - Y 

Negative V-OM -12 -14.5 - V 

Positive V+OM RL=~ 12 13.5 - V 

Negative V-OM -12 -14.4 - V 

Amplifier Supply Current IA 0.8 1 1.2 rnA 

Device Dissipation Po 24 30 36 mW 

Input Offset Voltage Sensitivity: 

Positive !J.Vir/!J.V· - - 150 IlVN 

Negative !J.VI(:/!J.V - - 150 IlVN 

IABC = 0, VTP = 0 - 0.08 5 nA 
Magnitude 01 Leakage Current 

IABC = 0, VTP = 36V 0.3 5 nA -
Differential Input Current IABC = 0, VOIFF = 4V - 0.008 5 nA 

Common-Mode RejBCtion Ratio CMRR 80 110 - dB 

Common-Mode Input-Voltage Range VICR 12to 13.6 to - V 
-12 -14.6 

Input Resistance RI 10 26 - kO 

Electrical Specifications Typical Values Intended Only lor Design Guidance, TA = +25°C, Unless Otherwise Specified 

TEST CONDITIONS 

Y+ = 15Y, Y- = -15Y CA3080A 
PARAMETERS SYMBOL IABC = 500).IA TYP UNITS 

Amplifier Bias Voltage VABC 0.71 V 

Slew Rate: 

Maximum (Uncompensated) SR 75 V/jlS 

Unity Gain (Compensated) 50 V/jlS 

Open-Loop Bandwidth BWOl 2 MHz 

Input CapaCitance CI 1=1 MHz 3.6 pF 

Output Capacitance Co 1=1 MHz 5.6 pF 

Output Resistance Ro 15 Mn 

Input-ta-Output Capacitance CI.() 1=1 MHz 0.024 pF 

Input Offset Voltage Temperature Drift !J.Vld!J.T IABC = 100).IA, TA = -55°C to + 125°C 3.0 IlVt'C 

Propagation Delay IpHL, IplH IABC = 500).IA 45 ns 
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CA30BO, CA30BOA 

Typical Performance Curves 
5 

4 

3 

i 2 

I 1 
:;! 0 
5;: -1 

i ~ 
5 -4 

t -a 
-a 

-7 .. 

SUPPLY VOLTS: V+. +15, y.. -15 I II +12SOC 

I I II .111 -7 J I II +oOOc 
-as"c I III ~ 
#+Tooc 

~I V III("+~ 
+oOOc 

-as"c 
+70OC 

+25"CI 

/1 

'"'- If +12ff 
I III 

III 
2 4" 2 4.' 2 4.' 2 4" 

0.1 1 10 100 1000 
AMPUAER BIAS CURRENT IItA) 

FIGURE 1. INPUT OFFSET VOLTAGEvs AMPLIFIER BIAS 
CURRENT 

0.1 

• 4 
2 

SUPPLY VOLTS: V+ .. +15, V- .. -15 

~ ~ 

.;";. 
I.;";. Q 

~ '-
~ '-"" ..sS"C 

~ ...-:: "- +25"C 
,,- ~ "'- +125oC 

2 •• , 2 •• , 2.1' 2 ••• 
0.1 1 10 100 1000 

AMPUAER BIAS CURRENT Cl>AI 

FIGURE 3. INPUT BIAS CURRENT vs AMPLIFIER BIAS CURRENT 

15 

E14.5 

Ei 14 
W !:i 13.5 
~~ 
~ i 13 

51! 0 

§ 1-13 

~ ~-13.5 

~; -14 

1S_14.5 

-15 

SUPPLY VOLTS: V+ .. +15, V- .. -15V I TA=+WC 
LOAD RESISTANCE .. 00 

V+!2 

V+o;; 

¥-oM 

Y-cuR I II 
2 4.8 2 4" 2 4.. 2 •• , 

0.1 1 10 100 1000 
AMPUAER BIAS CURRENT Cl>AI 

FIGURE 5. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS 
CURRENT 

2-77 

10: 
4 _ 2 

C102 s • 
!Z 4 
W 2 
II: 10 !§ • 
U 4 
Iii 2 
II! 1 
I!i : 
I- 2 
is! 0.1 
I! • 

0.01 

4 
2 

SUPPLY VOLTS: V+ _+15, Y._-15 ., 
./ ./~ 

, .., 
..... 

....... 
..ss°C 

+WC 

./ ~" +12SOC 

2 4.8 2 4.. 2 4.. 2 ••• 
0.1 1 10 100 1000 

AMPUAER BIAS CURRENT Cl>AI 

FIGURE 2. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT 

SUPPLY VOLTS: V+ _ +15, y. .. -15 

+:1.;£ LOAD RESISTANCE .. oa _II I 
+25"C _ 

,,-
"' ..sS"C 

"' "' 
" ./ 

"' "' a .8. a .8. 24 •• 2 .,. 
0.1 1 10 100 1000 

AMPUAER BIAS CURRENT ",AI 

FIGURE 4. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS 
CURRENT 

SUPPLY VOLTS: v+_ +15, V-.-1S +2S"C 
III t:-:B +125"C 

LI' ..ss"C 

~ 

+12SOC " J 

~ ""-..sS"C,+25OC 

"I I 0.1 • 88 2 ••• 2 4.. 2 4.8 
0.1 1 10 100 1000 

AMPUAER BIAS CURRENT (!IAI 

FIGURE 6. AMPLIFIER SUPPLY CURRENT vs AMPLIFIER 
BIAS CURRENT 



CA30BO, CA30BOA 

Typical Performance Curves (Condnued) 
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CA30BO, CA30BOA 

Typical Performance Curves (Continued) 
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Applications 
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CA3080, CA30S0A 
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f TIME -O.1Jl81D1V. 

FIGURE 19. SCHeMATIC DIAGRAM OF THE CA3080 AND CA3080A IN A UNITY-GAIN 
VOLTAGE FOLLOWER CONFIGURATION AND ASSOCIATED WAVEFORM 
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FIGURE 20. 1,000,000/1 SINGLE-CONTROL FUNCTION GeNERATOR ·1MHzTO 1Hz 
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CA30BO, CA30BOA 

Applications (Continued) 

(a) Two-Tone Output Signal From The Function Generator. A 
Square-Wave Signal Modulates The External Sweeping Input to 
Produce 1 Hz and 1 MHZ, Showing the 1,000,00011 Frequency 
Range of the Function Generator. 

(b) Triple-Trace of the Function Generator Sweeping to 1 MHz. The 
Bottom Trace Is the Sweeping Signal and the Top Trace is the Ac
tual Generator Output. The Center Trace Displays the 1MHz sig
nal Via Delayed Oscilloscope Triggering of the Upper Swept 
Output Signal 

FIGURE 21. FUNCTION GENERATOR DYNAMIC CHARACTERISTICS WAVEFORMS 

2.0kn 
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HOLD -15V --..I 

y.. -15V 

SLEW RATE (IN SAMPLE MODE) .1.3V1.,. 
ACQUISITION TIME' .. 3,.. 

"liME REQUIRED FOR OUTPUT TO SETTLE 
WITHIN ±3mV OF A 4 - VOLT STEP 

FIGURE 22. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLE-HOLD CONFIGUREATION 
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Applications (Contlnuel!) 

o l n r SAMPLE 

·15 U U HOLD 

CA30BO, CA30BOA 

301en 

1N914 

3-SIen 

INPUT (O:I-w,,....41-( 
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40001 

21en 

'---IE--- .............. ,. .......... ~;; 
O.1I'F .• ; •. 30pF ; 

SIMULATED LOAD/. T ::f::~ 
NOT REQUIRED ':m:' 

FIGURE 23. SAMPLE AND HOLD CIRCUIT 

Top 1tace: OUtpUi Signal 
(5v/Div. and 2p.s1Div.) 

Bottom Trace: InpUi Signal 
(5V/Div. and 2p.s1Div.) 

Center 1tace: Difference of InpUi and OUipUI Signals Through 
Tektronix Amplifier 7 A 13 
(5mVlDiv. and 2p.s1Div.) 

FIGURE 24. LARGE SIGNAL RESPONSE AND SETTLING TIME FOR CIRCUIT SHOWN IN FIGURE 23 
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CA30BO, CA30BOA 

Applications (Continued) 

Top Trace: System Output 
(100mV/Div. and 500nS/Div.) 

Bottom Trace: Sampling Signal 
(20V/Div. and 500nS/Div.) 

FIGURE 25. SAMPLING RESPONSE FOR CIRCUIT SHOWN IN 
FIGURE 23 

Top Trace: Output 
(50mV/Div. and 200nslDiv.) 

Bottom Trace: Input 
(50mVlDiv. and 200nslDiv.) 

FIGURE 26. INPUT AND OUTPUT RESPONSE FOR CIRCUIT 
SHOWN IN FIGURE 23 

NOTE: All resistors 112 watt, 
unless otherwise specified. 

FIGURE 27. THERMOCOUPLE TEMPERATURE CONTROL WITH CA3079 ZERO VOLTAGE SWITCH AS THE OUTPUT AMPLIFIER 
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Applications (Continued) 
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CA30BO, CA30BOA 
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FIGURE 28. SCHEMATIC DIAGRAM OF THE CA30BOA IN A SAMPLIE-HOLD CIRCUIT WITH BIMOS OUTPUT AMPUFIER 

0-

0-

0-

Top Trace: Output 
(5V1DIv. and 2Jl.S/Div.) 

Center Trace: Differential Comparison of Input and Output 
(2mV/Div. and 2Jl.S/DIv.) 

Bottom Trace: Input 
(5V1Dlv. and 2Jl.S1OIv.) 

o 

o 

Top 1l'ace: Output 
(20mVIDIv. and 100nslDlv.) 

Bottom 1i'ace: Input 
(20OmVIDIv. and 100nstDIv.) 

FIGURE 29. LARGE-SIGNAL RESPONSE FOR CIRCUIT SHOWN FlGURE30. SMALL-SIGNAL RESPONSE FOR CIRCUIT SHOWN 
IN FIGURE 28 IN FIGURE 28 
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CA30BO, CA30BOA 

Applications (Continued) 
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FIGURE 31. PROPAGATION DELAY TEST CIRCUIT AND ASSOCIATED WAVEFORMS 
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CA3094 
March 1993 

Programmable Power Switch/Amplifier for 
Control and General Purpose Applications 

Features 
• CA3094T, S, E, M for Operation Up to 24V 

• CA3094AT, S, E, M for Operation Up to 36V 

• CA3094BT, S, M for Operation Up to 44V 

• Designed for Single or Dual Power Supply 

• Programmable: Strobing, Gating, Squelching, AGC 
capabilities 

• can Deliver 3W (Average) or 10W (Peak) to External 
Load (In Switching Mode) 

• High Power, Single Ended Class A Amplifier will Deliver 
Power Output of O.6W (1.6W Device Dissipation) 

• Total Harmonic Distortion (THO) at O.6W In Class A 
Operation 1.4% (1Yp.) 

Applications 
• Error Signal Detector: Temperature Control with 

Thermistor Sensor; Speed Control for Shunt Wound 
DC Motor 

• Over Current, Over Voltage, Over Temperature Protectors 

• Dual Tracking Power Supply with CA3085 

• Wide Frequency Range Oscillator 

• Analog Timer 

• Level Detector 

• Alarm Systems 

• Voltage Follower 

• Ramp Voltage Generator 

• High Power Comperator 

• Ground Fault Interrupter (GF!) Circuits 

Pinouts 
CA3094 

(pDIP, SOIC) 
TOP VIEW 

NOTE: Pin 4 is connected to case 

SINK 01ll'PUT 
(COLLECTOR) 

DRIVE OUTPUT 
(EMmER) 

5 lASe CURRENT 

[=::s-:] 

Description 
The CA3094 is a differential input power control switch! 
amplifier with auxiliary circuit features for ease of program-

, mability. For example, an error or unbalance Signal can be 
amplified by the CA3094 to provide an on-off signal or 
proportional control output signal up to 100mA. This signal is 
sufficient to directly drive high current thyristors, relays, dc 
loads, or power transistors. The CA3094 has the generic 
characteristics of the CA3080 operational amplifier directly 
coupled to an integral Darlington power transistor capable of 
sinking or driving currents up to 100mA. 

The gain of the differential input stage is proportional to the 
amplifier bias current (IABC>, permitting programmable 
variation of the integrated circuit sensitivity with either digital 
anellor analog programming signals. For example. at an IABC 
of l00mA, a lmV change at the input will change the output 
from 0 to l00mA (typical). 

The CA3094 is intended for operation up to 24V and is 
especially useful for timing circuits. in automotive equipment. 
and in other applications where operation up to 24V is a 
primary design requirement (see Figures 28, 29 and 30 in 
Applications Section). The CA3094 and CA30948 are like 
the CA3094 but are intended for operation up to 36V and 
44V, respectively (single or dual supply). 

These types are available in 8 lead TO-5 style packages with 
standard leads ("T" suffix) and with dual·in-line formed leads 
"DIL·CAN" ("S" suffix). Type CA3094 is also available in an 8 
lead dual·in·line plastic package "MINI· DIP' ("e- suffix). 
Small Outline Pakcage ("M" suffix), and in chip form ("W 
suffix). 

CA3094 
(TO-SCAN) 
TOP VIEW 

4 

GND (¥o IN DUAL 
SUPPLY OPERA11ON) 

8 DRIVE OUTPUT 
(EIUIER) 

CAUTION: These devices are sensiH"" to e/eclrostatic discharge. Users should fallow proper I.C. Handling Procedures. File Number 598.2 
CopyrIght «> Harris Corporation 111113 
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Specifications CA3094, CA3094A, CA3094B 

Absolute Maximum Ratings 
Dual Supply Voltage 

CA3094 ....•••.•.•.••••.•••••••••••••••••••••••••••• ±12V 
CA3094A ••.••••••••••••••••••••••••••••••••••••••••• ±18V 
CA3094B .•.•••••••••••••••••••••••.•••••••.••••••.•• ±22V 

Single Supply Voltage 
CA3094 ••.•••••..•.•••••..••.••.•••••••.••••••••• 24V 
CA3094A ••••••••••••••••••••••••.•••••.••••••.••• 36V 
CA3094B •••••••.••••••••••••••..•••••••••••••.••• 44V 

Differential Input Voltage (Term. 2 and 3) Note 1 • • • • • • • • • • • • • 5V 
DC Input Voltage ••••••••••••••••••••••••••••••••• V+ to V-
Input Current (Term. 2 and 3) ••••.•••••.••.•••••••.••.•••• ±lmA 
Amplffier Bias Current (Term. 5) •••••.••...••.••••.••.•.. 2mA 
Output Current •••••••••••••••••••.•••••••••••••••• 300mA 
Junction Temperature •••••••••••••••••••••.•••••••• +175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +l50oC 
Lead Temperature (Soldering 10 Sec.) .•••••••••••••••• +3OQDC 

Operating Conditions 
Operating Temperature Range •••••••••••••••• -55·C to + 125·C 
Storage Temperature Range •••••••••.•••••••• -6500 to +15O"C 

CAUTION: Stresses abow thosB listed in "Abso/uts Maximum Ratings" may causa psrmanant damage to th9 devlca. This is a stress only rating and operation 
of the dflllica at these or any ollrar conditions above thosB indk:atad In lira operational sections of lIris specification is not ImpUed. 

Electrical Specifications TA = +25·C for Equipment Design. Single Supply V+ = 3OV, Dual Supply V+ = 15V, V- = -15V, IABC = 10011A 
Unless Otherwise Specified 

UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

INPUT PARAMETERS 

Input Offset Voltage V'D TA=+25oo - 0.4 5.0 mV 

TA = O·C to +70·C - - 7.0 mV 

Input Offset Voltage Change IAVlo' Change in V'D between IASC = 10011A - 1 8.0 mV 
and IASC = SIlA 

Input Offset Current I'D TA = +2500 - 0.02 0.2 IlA 

TA = O"C to +70"0 - - 0.3 IlA 

Input Bias Current II TA=+2Soo - 0.2 0.50 IIA 
TA = O"C to +7000 - - 0.70 IIA 

Device Dissipation Po IOUT=OmA 8 10 12 mW 

Common Mode Rejection Ratio CMRR 70 110 - dB 

Common Mode Input Voltage VICR V+ = 30V (High) 27 28.8 - V 
Range 

V-=OV(Low) 1.0 O.S V -
V+= 15V 12 13.8 - V 

V- = -lSV -14 -14.S - V 

Unity Galn Bandwidth fT Ic = 7.5mA, Vee = lSV,lABC = 5001lA - 30 - MHz 

Open Loop Bandwidth at -adB Point BWOL Ic = 7.SmA, VCE = 15V, IABC = 50011A - 4 - kHz 

Total Hannonic Distortion THO Po = 220mW - 0.4 - % 
(Class A Operation) 

Po = 600mW 1.4 % - -
Amplifier Bias Voltage VAse - 0.68 - V 
(Terminal S to Tenninal4) 

Input Offset Voltage Temperature AV!dAT - 4 - IlVioo 
Coefficient 

Power Supply Rejection AV!dAV - 15 150 IlVN 
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Specifications CA3094, CA3094A, CA3094B 

Electrical Specifications TA = +25°C for Equipment Design. Single Supply V+ = 3OV, Dual Supply V+ = 1SV, V- = -1SV,IABC = 100pA 
Unless Otherwise Specified (Continued) 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

INPUT PARAMETERS (Continued) 

1/F Noise Voltage EN f = 10Hz, IABC = 50pA - 18 - nV/JHz 

1/F Noise Current IN f " 10Hz, IASC = SOpA - 1.8 - pAlJHz 

Differential Input Resistance ~ IABC= 20pA O.SO 1.0 - Mel 

Differential Input Capacitance C1 f = 1 MHz, V+ = 30V - 2.6 - pF 

OUTPUT PARAMETERS (Differential Input Voltage = 1V) 

Peak Output Voltage (Terminal 6) V+ = 3OV, I\. = 21<0 to GND 

With a13 "ON" V+OM 26 27 - V 

With a13 "OFF" V.QM - 0.01 0.05 V 

Peak Output Voltage (Terminal 6) V+ = lSV, V- = -lSV, RL = 21<0 to -15V 

Positive V+OM 11 12 - V 

Negative V.QM - -14.99 -14.9S V 

Peak Output Voltage (Terminal 8) V+ = 30V, RL = 21<0 to 30V 

With a13 "OFF" V+OM 29.95 29.99 - V 

With a13"ON" V.QM - 0.040 - V 

Peak Output Voltage (Terminal 8) V+ = lSV, V- = -1SV, 

Positive V+OM 
RL = 21<0 to 15V 

14.95 14.99 - V 

NegatIVe V-OM - -14.96 - V 

Collactor-to-Emitter Saturation VCE(SAT) V+ = 30V, Ic = SOmA, Terminal 6 - 0.17 0.80 V 
Voltage (Terminal 8) Grounded 

Output Leakage Current (Terminal V+=30V - 2 10 pA 
6 to Terminal 4) 

Composite SmaH Signal Current hFE V+ = 30V, VCE = SV,lc = SOmA 16,000 100,000 -
ltansfer Ratio (Beta) (a12 and a13) 

Output Capacitance f" 1 MHz, AU remaining Terminals Tied 

Terminal 6 Co 
to Terminal 4 - S.S - pF 

Terminal 8 Co - 17 - pF 

TRANSFER PARAMETERS 

Voltage Gain A V+ = 30V,IABC = lOOJ1A, AVOUT = 20V, 20,000 100,000 - VN 
1\.=21<0 

86 100 - dB 

Forward Transconductance to gM 1650 2200 2750 pmhos 
Terminal 1 

Slew Rate (Open Loop) SR IABC = 5OOJIA, RL = 21<0 

Positive Slope - SOO - VIlIS 

Negative Slope - 50 - VilIS 

Unity Gain (Non-Inverting IABC = 5OOpA. RL = 21<0 - 0.70 - VIlIS 
Compensated) 

NOTE: 

1. Exceeding this voltage rating will not damage the device unless the peak Input signal current (1 mAl Is also exceeded. 
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CA309~CA3094A,CA3094B 

Schematic Diagram 

INPUTS 

OUTPUT OUTPUT NON-
MODE TERM INY INY 

"Source" 6 2 3 

"Sink" 8 3 2 

VOl.g~~ 2 
INPUT 

AMPUFIER 
BIAS INPUT Ii )---.--IC. 

IABC 
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CA3094,CA3094A,CA3094B 

Typical Performance Curves 
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FIGURE 1. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT (lASe. TERMINAL 5) 
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Typical Performance Curves (Continued) 
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CA3094, CA3094A, CA30948 

Typical Performance Curves (Continued) 
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Operating Considerations 

The "Sink" Output (Terminal 8) and the "Drive" Output 
(Terminal 6) of the CA3094 are not inherently current (or 
power) Hmited. Therefore, H a load is connected between 
Terminal 6 and Terminal 4 (V. or Ground), it is important to 
connect a current limiting resistor between Terminal 8 and 
Terminal 7 (V+) to protect transistor a13 under shorted load 
conditions. Similarly, if a load is connected between Terminal 
8 and Terminal 7 (V+), the current limiting resistor should be 
connected between Terminal 6 and Terminal 4 or ground. In 
circuit applications where the emitter of the output transistor 
is not connected to the most negative potential in the 
system, it is recommended that a loon current limiting 
resistor be inserted between Terminal 7 and the V+ supply. 

Test Circuits 

1/F Noise Measurement Circuit 

When using the CA3094, A, or B audio amplifier circuits, it is 
frequently necessary to consider the noise performance of 
the device. Noise measurements are made in the circuit 
shown in Figure 20. This circuit is a 3OdB, non-Inverting 
amplifier with emitter follower output and phase compensa· 
tion from Terminal 2to ground. Source resistors (RS> are set 
to on or lMn for E noise and I noise measurements, 
respectively. These measurements are made at frequencies 
of 10Hz, 100Hz and 1kHz with a 1Hz measurement band· 
width. Typical values for 1/f noise at 10Hz and 50J.1A IABC are 

EN = 18nV/..JHzand IN = 1.8pAl..JHz. 
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CA3094, CA3094A, CA3094B 

Test Circuits 

1000 

NOTES: EOUT 
1. InputOffsetVoJlage: VIO = 100 

2. For Power Supply Rejection Test (1) vary V+ by -2V: then (2) 
vary V- by +2V 

3. Equations: 
EOOUT-E10UT 

(1) V+ Rejection = 200 

EOOUT - E20UT 
(2) V- Rejection = 200 

1 
4. Power Supply Rejection: (dB) = 2010g:-:v""",---

Rejection" 

15V 30V _ "Maximum Reading of Slap 1 or Slap 2 

FIGURE 16. INPUT OFFSET VOLTAGE AND POWER SUPPLY REJECTION TEST CIRCUIT 

NOTES: 

1. POISSlPATlON = (V+)(I) 

2. EOUT 

lOS = -S""'V""O'""'L-=T=S 
10 AMPS 

FIGURE 17. INPUT OFFSET CURRENT TEST CIRCUIT 

10kn 

VeIIR 
o.8V TO 27.2V 

~ 

15V ------------------' 

15V 

I 
NOTE: II = 2 

30V 

FIGURE 18. INPUT BIAS CURRENT TEST CIRCUIT 

NOTES: 

1. CMRR = I 1oox2SV I 
E20UT - E 1 OUT 

2. Input Vollage Range for CMRR = 1V to 27V 

3. CMRR (dB) = 2010g1 100 x 2SV 1 
E20UT - E10UT 

FIGURE 19_ COMMON MODE RANGE AND REJECTION RATIO TEST CIRCUIT 
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Test Circuits (Continued) 

+15V 

1200 r--+ OUTPUT 
(RMS) 

·15V 

IABC CCOMP NOTES: 

(JIA) (pF) 1. Rs*=1MO 

5 0 
(1/F Noise Current Test) 

2. Rs=OO 
50 50 (1/F Noise Voltage Test) 

500 500 

FIGURE 20. 1JF NOISE TEST CIRCUIT 

2V-n n 
OV..J U '-

+15V 

·15V 

FIGURE 22. OPEN LOOP SLEW RATE VSIABC TEST CIRCUIT 

+15V 

1I1Q 

·15V 

RS IABC 

(0) (jJA) 

56K 500 

560K 50 

56M 5 

FIGURE 21. OPEN LOOP GAIN Va FREQUENCY TEST CIRCUIT 

+15V 

5611n 

FIGURE 23. SLEW RATE vs NON·INVERTING UNITY GAIN TEST 
CIRCUIT 
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Test Circuits (Continued) 

120VAC 

+15V 

RS 

RI::t+-I*-H 
(N01E2) 

+---4 ......... OUTPUT R7 

·15V 

CLOSED 
LOOP GAIN Rl R2 Rs 

(dB) (kO) (kO) (kO) 

0 10 00 10 

20 10 1 10 

40 1 0.1 10 

FIGURE 24. PHASE COMPENSATION TEST CIRCUIT 

Typical Applications 

For Additional Application Information, refer to 
Application Note ICAN·6048 "Some Applications of a 
Programmable Power/Switch Amplifier IC". 

Design Considerations 

The selection of the optimum amplifier bias current (IABCl 
depends on: 

1. The Desired Sensitivity· The higher the IASC> the higher 
the sensitivity. I.e .• a greater drive current capability at the 
output for a specific voltage change at the input. 

2. Required Input Resistance· The lower the IASC• the high· 
er the input resistance. 

COMMON 

NOTES: 

1. C1 =0.5I1F 
Dl = 1N914 
Rl = 0.51MQ = 3 min. 
~ = 5.1MQ = 30 min. 
Ra = 22MQ = 2 hrs. 
R.. = 44MQ = 4 hrs. 
As = 1.5kn 
As=50kn 
Rr=5.1kn 
As = 1.5kn 

S1 

0 ~ o I 

® 
XTV I 

o :..::r---L-
Time = 1 hr. 
S2 Set to R.. 

2. Potentiometer required for Initial time set to permit device Inter· 
connecting. Time variation with temperature < 0.3%1"C. 

FIGURE 25. PRESETTABLE ANALOG TIMER 

If the desired sensitivity and required input resistance are 
not known and are to be experimentally determined. or the 
anticipated equipment design is sufficiently flexible to 
tolerate a wide range of these parameters. it is 
recommended that the equipment designer begin his 
calculations with an IABC of 1001JA. since the CA3094 is 
characterized at this value of amplifier bias current. 

The CA3094 is extremely versatile and can be used in a 
wide variety of applications. 
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CA3094, CA3094A, CA3094B 

Typical Applications 

>---.... Eour 
-!-(N01E1) 

EOUT (Z2) Where -E- = f Z depends on the characteristics of Z1 end Z2 
IN 1 (a) 

>-t-- Eour 

Where EOUT = EIN 
'-----ItM.---~ 

(b) 

-!-1NOTE 1) 

NOTE: 1. In single-ended output operation, the CA3094 may require a pull up or pull down resistor 

FIGURE 26. APPLICATION OF THE CA3094: (a) AS AN INVERTING OP AMP AND (b) IN A NON-INVERTING MODE, AS A FOLLOWER 

FIGURE 27. RC TIMER 

V+.18V 
~~~-~--4r~-~ :., 

VOLTAGE A : 
213V+~ 

o ! 

+1::rL 
R R1 

1001<0 

VOLTAGE AT A ~ ..... +---{ 
TERMINAL 8 

c 

TYPE 
1NII14 

12V 

"=" lIME DELAY (SEC.) .. RC (APPROlC.) 

V+~--~--~--~------~----~ 

12VDC 

j 

Problem: To calculate the maximum value of R required to 
switch a 100mA output current comparator 

18V 
Given: IABC = 51lA, RABC = 3.SMO- 51lA 

II = SOOnA at IAIIC = 100pA (from Figure 3) 

~ = 5IlA can be determined by drawing a line on Figura 3 through 
lASe = 1001lA end 18 = 500nA parallel to the typical TA = +25"C 
curve. 

Then: II = 33nA at lASe = 51lA 

18V-12V 0 

RMAX = 33nA = 180MO at T A = +25 C 

RMAX = 180MO x 2/3" = 120MO at T A = -55°C 

• RatIo of II at TA = +25"C to II at TA .. -55°C for any given value 
of lASe 

A V+, 
o ~--------~ 

8 0 --y-----'~'---
C 0 ---y---------
~af4V+ 

DO~C< 

EV;::r--l~ ______ _ 

EoUT On a negatIVe going transient at Input (Al, a negatIVe 
pulse at C Will turn 'on' the CA3094, end the output (El 
Will go from a low to a high level. 

At the end of the time constant determined by C1, R1, 
R2, R3, the CA3094 Will return to the 'off" state and 
the output Will be pulled low by RLOAI)o This condition 
Will be Independent of the Interval when input (A) 
returns to a high level. 

FIGURE 28_ RC TIMER TRIGGERED BY EXTERNAL NEGATIVE PULSE 
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Typical Applications (Continued) 

5100 

I 
EOUT 

I 
Eour 1208 1. R=1MO,C=1jiF Jt;dL NOTES: 

2. TIme Constant t - RC x 120 
3. Pulse Width: m - K(ClC) UN!.J 

• Ttademark E.I. Dupont de Nemours 

FIGURE 29. FREE RUNNING PULSE GENERATOR 

30Y 

27110 

100110 

501c0 ~ ... ---+ 
Rp 

c 

FIGURE 31. SINGLE SUPPLY ASTABLE MULTIVIBRATOR 

,..---------t--t------ +15Y 

47110 

OUTPUTJU111 

47110 

FlGURE30. CURRENT OR VOLTAGE CONTROU.EDOSCUATOR 

RZ 
51110 

c 

NOTE: 'OUT = 2R 

2RC In ( R21 + 1 ) 

1 
II: FI:! = 3.0BR1• 'OUT = RC 

-15Y 

15Y 

OUTPUT 

-!-fOUT- 5kHz 

FIGURE 32. DUAL SUPPLY ASTABLE MUL TlVIBRATOR 
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Typical Applications (Continued) 

,.....--------.... - Ytsv 

r-...... ----1-- +15V 2kn 

)--t-..... - OUTPUT 
INPUT >-ItMr-t--l 

2kn 

}-+-....... - OUTPUT 
INPUT >---'\o"""'--{ 

NOTES: R R 
R* 1 2 

1. = R +R 
1 2 R 

2. ±Threshold = [±Supply) [~ l 
Rl + R2.J 

<a) Dual Supply 

-15V 

NOTES: [R] 1. Upper Threshold = [V+] R R b 

( 1 a )+R 
Rl +Ra b 

2. LowerThreshold = [V+] [ R~ ] 

(Rl~:J+Ra 

(b) Single Supply 

FIGURE 33. COMPARATORS (THRESHOLD DETECTORS) DUAL AND SINGLE SUPPLY TYPES 

TYPE 
1.5MQ 1N914 

D1201F 

+ =W 10'1 

117V 

II 25V 60Hz 60Hz 

NOTE: All Resistors are 112W. 

FIGURE 34. TEMPERATURE CONTROLLER 
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CA3094, CA3094A, CA30948 

Typical Applications (Continued) 

V+INPUT 
(NOTE 11 

O.OO5611F 

NOTES: 

1. V+ Input Range = 19V to 30V for 15V output 

2. V·lnput Range = ·16V to -30V for ·15V output 
COMMON 

rl------,:=~~t-r-o RETURN 3. Max lOUT = ±loomA 

4. Regulation: 

1000 

AVOUT 
Maxline = [V (I ·11)] V x100=0.075%/V 

OUT nit a A IN 

AVOUT 
Max. Load = V (I·· I) x 100 = 0.075% VOUT 

OUT nltla 
(Il from 1 rnA to 50mA) 

V·INPUT >-_+-_ ....... --1 
(NOTE 2) 

1mA 

10k1l 
±1% 

FIGURE 35. DUAL VOLTAGE TRACKING REGULATOR 

CIRCUIT TRIPS ON POSmVE 
36V 

+----r-____ ~-~-~-~I~D 

1 3 ~~~---~~-----~1~~~g~ ~
P.i~~~LSWITCHWITHIN 

'ABC 1 
1011A 

= 

11A 
2011A 

. t -----,- ----- ---. !~1k:~~J 
RTAIPI 

GROUND FAULT 
60mV 

TYPICAL 

NOTES: 

SIGNAL 60Hz 

1. Differential current sensor provides 60mV signal - 5mA of unbal· 
ance (Trip) current 

2. All Resistors are 112 Watt. ±10% 

3. RC selected for adB point at 200Hz 

4. C2 = AC by·pass 

5. Offset adj. Included In RrRIP 

6. Input Impedance from 2 to 3 = 8ookO 

1k1l O.ooljiF 7. With no Input signal Terminal 8 (output) at36V 

FIGURE 36. GROUND FAULT INTERRUPTER (GFI) AND WAVEFORMS PERTINENT TO GROUND FAULT DETECTOR 
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Typical Applications (Continued) 

TREBLE 

0.2"" 

25"" 11eO 
0.02"" 

1GOIeO 'CUT" 1 OleO 
(CCW) 

"BOOST" 
(CW) BASS 

THERMAL 
COMPENSATION 

NETWORK" 

.JUMPER 

TYPICAL PERFORMANCE DATA NOTES: 

D1·D41N5H1 

120V 
10Hz 

·OPTIONAL THERMAL 
COMPENSATION 
NETWORK 

For 12W Audio Amplifier Circuit 1. For standard Input Short C:z; R, = 2501<0, C, = 0.D47I1F; r8lTlOll9 R:a 
Power Output (Bn load, Tone Control set at "Flat") 2. For ceramic cartridge Input C, = 0.0047I1F, R, = 2.5MC, remove 

Mualc (at 5% THO, regulated aupply) •••••••••••••••••• 15W jumper from C~ leave R:a 
Continuous (at 0.2% IMD, 60Hz and 2kHz 
mixed In a 4:1 rallo, unregulated supply) 
See Rgure Bin AN6048 ••••••.•••••.•.•••••••••.•••• 12W 

Total Harmonic Distorllon 
At 1W, unregulated supply •••••••••••••••••••••••••• 0.05% 
At 12W, unregulated supply •..••••••.••••••••••••••• 0.57% 

Vollage Gain ••••••••••••••••.•••••••••••••••••••••• 4OdB 
Hum and Noise (below continuous power output) •••.••••.•. 83dB 
Input Resistance ••••••••••••••••••••••••••••..•••.• 25OkC 
Tone Control Range ••.•.•••.•••••••••• See Rgure 91n AN6048 

FIGURE 37. 12W AUDIO AMPLIFIER CIRCUIT FEATURING TRUE COMPLEMENTARY SYMMETRY OUTPUT STAGE WITH CA3094 
IN DRIVER STAGE 

2·100 



March 1993 

Features 
• High Open Loop Gain at Video 

Frequencies •••••••••••••••••• 42dB (Typ.) at 1MHz 

• High Unity Gain 
Crossover Frequency (fT) ••••••••••••• 38MHz (Typ.) 

• Wide Power Bandwidth 
Va = 18Vp-p •••••••••••••••••••••••• 1.2MHz(Typ.) 

• High Slaw Rate 
- 20dB Amplifier •••••••••••••••••••• 70VlllS (Typ.) 
- Unity Gain Amplifier •••••••••••••••• 25V1~ (Typ.) 

• Fast Sattllng Time •••••••••••••••••••• O.6~ (Typ.) 

• High Output Current ...•...•...••••.••.•. ±15mA Min. 

• Single Capacitor Compensation 

• Offset Null Terminals 

Applications 

• Video Amplifiers 

• Fast Peak Detectors 

• Meter Driver Amplifiers 

• High Frequency Feedback Amplifiers 

• Video Pre-Drivers 

• Oscillators 

• Multlvibrators 

• Voltage Controlled Oscillator 

• Fast Comparators 

Pinouts 
CA3100 

(POIP, SOIC) 
TOP VIEW 

PHASE COMPENSATION 

OFFSET 1 
NULL 

INV. 2 
INPUT 

NON·IHY. 3 
INPUT 

~ 

SOFFSET 
NULL 

CA3100 
Wideband Operational Amplifier 

Description 
The CA3100 is a large signal wideband, high speed opera
tional amplifier which has a unity gain cross over frequency 
(fT) of approximately 38M Hz and an open loop, 3dB comer 
frequency of approximately 110kHz. It can operate at a total 
supply voltage of from 14V to 36V (±7V to ±18V when using 
split supplies) and can provide at least 18Vp..p and 3OmAp_p 
at the output when operating from ±15V supplies. The 
CA3100 can be compensated with a single external capaci
tor and has DC offset adjust terminals for those applications 
requiring offset null. (See Figure 14). 

The CA3100 circuit contains both bipolar and PMOS transis
tors on a single monolithic chip .. 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE 

CA3100E ",,5"C to +85"C 

CA3100M -45°C to +85°C 

CA3100M96 ",,5"C to +85"C 

CA3100T -55"C to + 125°C 

• Denotes Tape and Reel 

IN~'&* 2 

CA31 00 
(CAN) 

TOP VIEW 

PHASE 
COMP 

PACKAGE 

8 Lead Plastic DIP 

8 Lead SOIC 

8 Lead SOIC' 

8 Pin Can 

CAUTION: These davlces are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 625.2 
Copyrlghl @ Harris Corporation 1993 
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Specifications CA3100 

Absolute Maximum Ratings 
Supply Voltage (Between v+ and V- Terminals) •••••••••.•.• 36V 
Differential Input Voltage •••••••••.••••••••••••••••••••• 12V 
Input Voltage to Ground (Note 1) •.•..•..•.•.•••••.•.•••... ±15V 
Offset Terminal to V- Terinlnal Voltage .•.••.•.•••••••.••..• ±O.5V 
Output Current (Note 2) •••••••••••••••••••••••••••••• 5OmA 
Junction Temperature •••••••••••••••••••••••••••••• +1750C 
Junction Temperature (PlastiC Package) ••••.••.•••.••• +15O"C 
Lead Temperature (Soldering 10 Sec.) ..•....•.•....•.. +3OO"C 

Operating Conditions 
Operating Temperature Range: 

E and M 1\tpes •.•••.•••.••.•••.•..•••••.•• -40"C to +85°C 
SandT Types ••••••••••••••••••..•••.•.• -55"C to + 125°C 

Storage TemPerature Range •••.•••••••.•••••• -65"C to + 15O"C 

CAUTION: Stressss &bow thtJse /Istsd In 'l4bsolUf8 Mtvdmum Ratings" may cause pertrlllMnt dafll8Qll to thII dIIvIca. ThIs Is a stress only I8ling and op8l8tJon 
of /hs dellice at /hess or any other conditions abow /hose indIcatsd In /hs op8l8tions/ S8C1ions of this specification Is not Implied. 

Electrical Specifications, at TA = +250C, Supply Voltage (V+, V-) = ±l5V, Unless Otherwise Specified 

UMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

STATIC 

Input Offset Voltage VKJ Vo=O±O.1V - ±1 ±5 mV 

Input Bias Currant liB Vo=O± 1V - 0.7 2 p.A 

Input Offset Current IKJ Vo=O± 1V - ±0.05 ±O.4 p.A 

Low Frequency Open Loop Voltage Gain AoL Vo = ± 1V Peak, f = 1 kHz 56 61 - dB 
(Note 3) 

Common Mode Input Voltage Range VICR CMRR~76dB ±12 +14 - V 
-13 

Common Mode Rejection Ratio CMRR VI Common Mode = ± 12V 76 90 - dB 

Maximum Output Voltage Differential Input Vottage = 0 ± O.1V, 

Positive Vou+ 
~=2kn 

+9 +11 - V 

Negative VOM- -9 -11 - V 

Maximum Output Current Differential Input Voltage = 0 + O.lV, 

Positive 10M<-
~=250n 

+15 +30 - mA 

Negative 10M• -15 ,-30 - mA 

Supply Current 1+ Vo = 0 ± O.1V, RL ~ lOkn - 8.5 10.5 mA 

Power Supply Rejection Ratio PSRR AV+= ± 1V, AV- =± 1V 60 70 - dB 

DYNAMIC 

Unity-Gain Crossover Frequency IT Cc = 0, Vo = 0.3Vp.p - 38 - MHz 

lMHz Open-Loop Voltage Gain AoL f = 1 MHz, Cc = 0, Vo = 10Vp.p 36 42 - dB 

Slew Rate SR 

20dB Amplifier Av = 10, Cc = 0, VI = lV (Pulse) 50 70 - VlJIS 

Follower Mode Av = 1, Cc = 10pF, VI = 10V (Pulse) - 25 - VlJIS 

Power Bandwidth (Note 4) PBW 

20dB Amplifier Av = 10, Cc = 0, Vo = 18Vp.p 0.8 1.2 - MHz 

Follower Mode Av = 1, Cc = 10pF, Vo = 18Vp.p - 0.4 - MHz 

Open Loop Differential Input Impedance It F=lMHz - 30 - kn 

Open-Loop Output Impedance Zo F=lMHz - 110 - n 
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Specifications CA3100 

Electrical Specifications, at TA = +25"C, Supply Voltage (V+, V-) = ±15V, Unless Otherwise Specified (Continued) 

UMITS 

PARAMETER SYMBOL TEST CONDmONS MIN TYP 

DYNAMIC (Conlfnued) 

Wideband Noise Voltage Relerred to eN (Total) BW = 1 MHz, Rs = 1kn - 8 
Input 

Settling Time (To Within ±SO mV of 9V Is RL = 2kn, CL = 20pF - 0.6 
OUtpu1 Swing) 

NOTES: 

1. If the supply voltage Is less than ± 15V, the maximum input voltage to ground Is equal to the supply voltage. 

2. CA3100 does not contain circuitry to protect against short circuits in the output 

3. Low frequency dynamic characteristic. 

4. Power Bandwidth = s~w Rate 
It op-p 

Schematic Diagram 

R6 
12K 

NON-
INVERT 

INPUT 

R4 
750n 

R5 
750n 

GDI~+r--r--+-~~--~ 

R16 R17 
1500 600V 
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CA3100 

Typical Performance Curves 
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CA3100 

Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Test Circuits (COntinued) 
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Features 

• MOSFET Input Stage Provides: 
- Very High Z't -1.5 T'1 (1.5 x 1012'1) Typ. 
- Very Low ~. SpA Typ. at 15V Operation 

• 2pA Typ. at 5V Operation 

• Ideal for Slitgie-Supply Applications 

• Common-Mode Input·Voltage Range Includes Nega
tive Supply RaIl; Input Terminals can be Swung 0.5V 
Below Nega1lve Supply Rail 

• CMOS Output Stage Permits Signal SWing to Either 
(or both) Supply Ralls 

Applications 
• Grouitd-.Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long.Duratlon nmersIMonostabies 

• Hlgh-lnpUt·lmpedance Comparators 
(Ideal Interface with Digital CMOS) 

• Hlgh-lnput~lmpedance Wldeband Amplifiers 

• Voltage Followers (e.g. Follower for Single-Supply DlA 
Converter) 

• Voltage Regulators (Permits Control of Output Voltage 
Down to zero Volts) 

• Peak Detectors 
• Single-Suppiy Full-Wave Precision Rectifiers 

• Photo-Diode. Sensor Amplifiers 

Pinouts 

CA3130 
BiMOS Operational Amplifier 

with MOSFET Input/CMOS Output 

Description 
CA3130A and CA3130 are integrated-circuit operational 
amplifiers thai combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. 

Gate-protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high-input imped· 
ance, very-low-input current, and exceptional speed perfor
mance. The use of PMOS field-effect transistors in the input 
stage results in common-mode input-voltage capability down 
to 0.5 volt below the negative-supply terminal, an Important 
attribute in single-supply applications. 

A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10 millivolts 
of either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA3130 Series circuits operate at supply voltages rang
ing from 5 to 16 volts, or ±2.5 to ±8 volts when using split 
supplies. They can be phase compensated with a single 
external capacitor, and have terminals for adjustment of off
set voltage for applications requiring offset-null capability. 
Terminal provisions can also made to permit strobing of the 
output stage. 

The CA3130A offers superior input characteristics over 
those of the CA3130. 

Ordering Information 
CA3130, CA3130A 

(pDlP, SOIC) 
lOP VIEW 

CA3130, CA3130A 
(CAN) 

PART 
NUMBER 

TEMP. 
RANGE PACKAGE 

lOP VIEW 
CA3130AE -55"C 10 + 1250C 8t.e.1PD1P 

CA3130AM -MOO 10 + 1250C 8t.e.1S01O 

CA3130AM96 -55"C 10 + 1250C 8 t.e.I SOlO" 

CA3130AT -55"C 10 + 1250C 8 Pin CAN 

CA3130BT ~eto+125"C 8 P'1l CAN 

CA3130E -Moe to +125"0 8 t.e.I PriIP 

CA3130M -MOO 10 +12500 8t.e.1S01O 

PHASE 
COMPENSATION TAB STROBE \ .... , ....... 
cwru~ 1 7 y+ 

OF:~ 8 STROBE 
IN~rm 2 _ 7 y+ 

NON-INV. 3 6 OUTPUT 
INPUT 

V' 4 5 OFFSET 
NULL 

INY. 2 
INPUT 

V'ANDCASE 
CA3130M98 -MOO to +125"0 8 t.e.I SOIC* 

CA3130T -MOO to + 125"C 8 Pin CAN 

• Denotes Tape and Real 

File Number 817.2 CAUTION: These devices ara sansHIva to elactrosla1lc discharge. Users shoukllollow proper I.C. Handling Procsdures. 
Ccwlght e Harris Corporation 1993 
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Specifications CA3130, CA3130A 

Absolute Maximum Ratings Operating Conditions 
DC Supply Voltage (Between v+ And V- Terminals). • • . • • • • •• 16V Operating Temperature Range (AII"JVpes) •••..•• -55"C to + 125"C 
Differential-Mode Input Voltage •••••••••••••••••••••••••• 8V Storage Temperature Range(A11 Types) .•••••••• -65"C to + 15O"C 
DC Input Voltage ......••..••.••.•••••• (V+ +8 V) to (V" '().5V) 
Input-Terminal Currant. .••..•••.•. , .•.•..••••..•••.... 1 rnA 
DevIce Dissipation: 

Without Heat Sink-
Up To 55"C •••.•••..••.....•...•.••.•...•.... 630 mW 
Above 55"C •••.•.•..••...••.. Derate Linearly 8.67 mWf'C 

With Heat Sink-
Up To 9O"C •.•.•.•••.•.•.•••••.•.•••.•.•.•..•••.• 1W 
Above 9O"C . . . . . . . • . . . • • . • . . Derate Linearly 16.7 mWfJC. 

Output Short-CIrcuit Duration (Note 1) •.••...•.••..••• Indefinite 
Junction Temperature ...•..............•.•.•••.•••• +175°C 
Junction Temperature (Plastic Package) .•••.•.•••.•••. +15O"C 
Lead Temperature (Soldering 10 Sec.) ...••...••••••••• +3OQOC 

CAUTION: Stresses abollll /hose IlslfJd In 'AbsolulfJ Max/mum Ratings" mey cause perm8llllnt damstpJ to the device. This Is a stress only IBling and op8lBlion 
of the device at theae or any other conditions aboIIIIlhose IndicalfJd In the opelBtional sections of this specification Is not Implied. 

Electrical Specifications TA = +25"C, V+ = 15V, V- = OV (Unless Otherwise Specified) 

LIMITS 

CA3130A CA3130 
TEST 

PARAMETERS SYMBOLS CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage IVIOI V±=±7.5V - 2 5 - 8 15 mV 

Input Offset Current 11101 V±=±7.5V - 0.5 20 - 0.5 30 pA 

Input Current II V±=±7.5V - 5 30 - 5 50 pA 

Large-Signal Voltage Gain Aot. Vo= 10Vp-p 50 320 - 50· 320 - kVN 
RL=2kO 

94 110 - 94 110 - dB 

Common-Mode CMRR 80 90 - 70 90 - dB 
RejectIon Rallo 

Common-Mode Input VieR 0 .().5to 10 0 .().5to 10 V 
Voltage Range 12 12 

Power-Supply I1VldlNt Vt=t7.5V - 32 150 - 32 320 "VN 
Rejection Ratio 

Maximum Output Voltage VOM+ AtRL =2kO 12 13.3 - 12 13.3 - V 

VOM- At RL = 2kO - 0.002 0.01 - 0.002 0.01 V 

VOM+ At RL= 2kO 14.99 15 - 14.99 15 - V 

VOM- At RL =2kO - 0 0.01 - 0 0.01 V 

Maximum Output Current IOM+ (Source) at Vo = OV 12 22 45 12 22 45 rnA 

10M- (Sink) atVo = 15V 12 20 45 12 20 45 rnA 

Supply Current 1+ Vo=7.5V, - 10 15 - 10 15 rnA 
~=-

1+ Vo=Ov, - 2 3 - 2 3 rnA 
~=-

Input Offset Voltage I1V'(/I1T - 10 - - 10 - "Vf'C 
Temperature Drift 

NOTE: 
1. Short circuit may be applied to ground or to either supply. 
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Specifications CA3130, CA3130A 

Electrical Specifications Typical Values Intended Only for Design Guidance, V+ = +7.SV, V- = -7.SV, TA = +25"C 
(Unless Otherwise Specified) 

CA3130A, 
PARAMETERS SYMBOL TEST CONDITIONS CA3130 

Input Offset Voltage Adjustment Range 1 Okn Across Terms. 4 and S or ±22 
4 and 1 

Input Resistance ~ 1.S 

Input Capacitance CI 1= 1MHz 4.3 

Equivalent Input NoIse Voltage eN BW = 0.2MHz, Rs = 1 MO' 23 

Unity Galn Crossover Frequency Cc=O 1S 
IT 

Cc =47pF 4 

SlewRste: SR 

Open Loop Cc=O 30 

Closed Loop Cc =56pF 10 

Transient Response: Cc=56pF, 
CL=2SpF, 

RIse TIme fA RL=2W'I 0.09 
(Voltage Follower) 

Overshoot OS 10 

SeWing Time (To <0.1 %, VIN = 4Vp.p) Is 1.2 

, Although a 1 Mel source Is used for Ihls test, Ihe equivalent Input noise remains constant for values of Rs up to 10Mn. 

Electrical SpeCifications Typical Values Intended Only for Oesign Guidance, V+ = SV, V- = OV, TA = +25"C 
(Unless OIherwise Specified) 

PARAMETERS SYMBOL TEST CONDITIONS CA3130A CA3130 

Input Offset Voltage VIO 2 8 

Input Offset Current 110 0.1 0.1 

Input Current II 2 2 

Common-Mode Rejection Ratio CMRR 90 80 

Large-Slgnal Voltage Galn AcL Vo = 4Vp.p, At = SkW 100 100 

100 100 

Convnon-Mode Input Voltage Range VICR Oto 2.8 Oto2.8 

Supply Current 1+ Vo = SV, RL =00 300 300 

Vo = 2.5V, RL = 00 500 SOO 

Power Supply Rejection Ratio AVldfN+ 200 200 
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CA3130, CA3130A 

~------------- .. ------, 
• 
: BIAS CIRCUIT • • • • • • • • : • • • • • : • • • • • • • • • • 

Z1 
8.3V 

R1 

401Ul R2 

: 5kn 
~--- .... ---- .. -----

~-- ------• • • : 
NON~NV. : 

INPUT : 
• 

3 • + • 
INV.~NPUT: 

2}--+:-f-----------r-----1--------- . • • • · • · • • • • • • • • • • • • 

RS 
1kn 

,---~------- -----------------.- -----~ 

• • • • • • : • • • • as • 

• • · • • • 
: SECOND 
• STAGE 

Q11 

7 V+ 

Q12 

~- ---------_ ...... ------
5 - OFFSET NULL ~ COMPENSATION STROBING 4 Yo 

NOTE: DIODES OS THROUGH De PROVIDE GATE-OXIDE 
PROTECTION FOR MOSFET INPUT STAGE 

FIGURE 1. SCHEMATIC DIAGRAM OF THE CA3130 SERIES 

Circuit Description 
Figure 2 is a block diagram of the CA3130 Series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli
cations. Consequently, the CA3130 Series circuits are ideal 
for single-supply operation. Three Class A amplifier stages, 
having the individual gain capability and current consump
tion shown in Figure 2, provide the total gain of the CA3130. 
A biasing circuit provides two potentials for common use In 
the first and second stages. Term. 8 can be used both for 
phase compensation and to strobe the output stage into qui
escence. When Term. 8 is tied to the negative supply rail 
(Term. 4) by mechanical or electrical means, the output 
potential at Term. 6 essentially rises to the positive supply
rail potential at Term. 7. This condition of essentially zero 
current drain in the output stage under the strobed ·OFP 
condition can onlY be achieved when the ohmic load resis
tance presented to the amplifier is very high (e.g.,when the 
amplifier output is used to drive CMOS digital circuits in 
Comparator applications). 

Input Stages 

The circuit of the CA3130 is shown in Figure 1. It consists of 
a differential-input stage using PMOS field-effect transistors 
(06, 07) working into a mirror-pair of bipolar transistors (09, 
010) functioning as load resistors together with resistors R3 
through R6. The mirror-pair transistors also function as a dif
ferential-to-single-ended converter to provide base drive to 
the second-stage bipolar transistor (011). Offset nulling, 
when desired, can be effected by connecting a 100,0000 
potentiometer across Terms. 1 and 5 and the potentiometer 
slider arm to Term. 4. Cascade-connected PMOS transistors 
02 04 are the constant-current source for the input stage. 
Th~ biasing circuit for the constant-current source is subse
quently described. The small diodes 05 through D8 provide 
gate-oxide protection against high-voltage transients, includ
ing static electriCity during handling for as and 07. 

Second-Stage 

Most of the voltage gain in the CA3130 is provided by the 
second amplifier stage, consisting of bipolar transistor 011 
and its cascade-connected load resistance provided by 
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CA3130, CA3130A 

PMOS transistors 03 and 05. The source of bias potentials 
for these PMOS transistors is subsequently described. Miller 
Effect compensation (roll-off) is accomplished by simply con
necting a small capacitor between Terms. 1 and 8. A 47-
picofarad capacitor provides suffICient compensation for sta
ble unity-gain operation in most applications. 

Blas-Source Circuit 

At total supply voltages, somewhat above 8.3 volts, resistor 
R2 and zener diode Z1 serve to establish a voltage of 8.3 volts 
across the serles-connected circuit, consisting of resistor R1, 
diodes 01 through 04, and PMOS transistor 01. A tap at the 
junction of resistor R1 and diode 04 provides a gate-bias 
potential of about 4.5 volts for PMOS transistors Q4 and 05 
with respect to Term. 7. A potential of about 2.2 volts is devel
oped across diode-connected PMOS transistor 01 with 
respect to Term. 7 to provide gate bias for PMOS transistors 
Q2 and 03. It should be noted that 01 is "mirror-connected"" 
to both Q2 and 03. Since transistors 01, 02, 03 are 
designed to be identical, the approximately 2QO-microampere 
current in 01 establishes a similar current in Q2 and 03 as 
constant current sources for both the first and second ampli
fier stages, respectively. 

At total supply voltages somewhat less than 8.3 volts, zener
diode Z1 becomes nonconductive and the potential, devel
oped across series-connected R1, 01-04, and 01, varies 
directly with variations in supply voltage. Consequently, the 
gate bias for 04, 05 and 02, 03 varies in accordance with 
supply-voltage variations. This variation results in deteriora
tion of the power-supply-rejection ratio (PSRR) at total sup
ply voltages below 8.3 volts. Operation at total supply 
voltages below about 4.5 volts results in seriously degraded 
performance. 

Output Stage 

The output stage consists of a drain-loaded inverting ampli
fier using CMOS transistors operating in the Class A mode. 
When operating into very high resistance loads, the output 
can be swung within millivolts of either supply rail. Because 
the output stage Is a drain-loaded amplifier, Its gain Is 
dependent upon the load impedance. The transfer charac
teristics of the output stage for a load returned to the nega
tive supply rail are shown in Figure 5. Typical op-amp loads 
are readily driven by the output stage. Because large-signal 
excursions are non-linear, requiring feedback for good wave
form reproduction, transient delays may be encountered. As 
a voltage follower, the amplifier can achieve 0.01 percent 
accuracy levels, including the negative supply rail. 

• For general information on the characteristics of CMOS translstor
pairs In IInear-circult applications, see Rle Number 619, data bulle
tin on CA3600E "CMOS Transistor ArraY'. 
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Input Current Variation with Common Mode Input 
Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA3130 Series Op-Amps is typically 5pA at TA 
= +250C when terminals 2 and 3 are at a common-mode 
potential of +7.5 volts with respect to negative supply Terminal 
4. Figure 10 contains data showing the variation of input cur
rent as a function of common-mode input voltage at TA = 
+2soe. These data show that circuit designers can advanta
geously exploit these characteristics to design circuits which 
typically require an input current of less than 1 pA, provided 
the common-mode input voltage does not exceed 2 volts. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-to-case 
insulator of the T0-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
Because the gate-protection network functions as if it is con
nected to Terminal 4 potential, and the T0-5 case of the 
CA3130 is also internally tied to Terminal 4, input terminal 3 is 
essentially "guarded" from spurious leakage currents. 

v 
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~ I--t-+-I--l 5 VOLTS 

!:i 

~ 5 1--+-+---11-
1 
/---'r~ CA313: 
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6 
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TO 

~ -10 VOLTS 
o ~'~_~~~-L ______ ~V~-__ ~ 

-1 o 2 3 4 5 6 7 
INPUT CURRENT (pA) 

FIGURE 10_ INPUT CURRENT vs COMMON-MODE VOLTAGE 

Offset Nulling 

Offset-voltage nulling is usually accomplished with a 
100,OOO-ohm potentiometer connected across Terms. 1 and 
5 and with the potentiometer slider arm connected to 
Term. 4. A fine offset-null adjustment usually can be effected 
with the slider arm positioned in the mid-point of the potenti
ometer's total range. 

Input-Current Variation with Temperature 

The input current of the CA3130 Series circuits is typically 
5pA at +2Soe. The major portion of this input current is due 
to leakage current through the gate-protective diodes in the 

input circuit. As with any semiconductor-junction device, 
including op-amps with a junction-FET input stage, the leak
age current approximately doubles for every + 1 ooe increase 
in temperature. Figure 11 provides data on the typical varia
tion of input bias current as a function of temperature in the 
CA3130. 
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FIGURE 11. INPUT CURRENT vs AMBIENT TEMPERATURE 

In applications requiring the lowest practical input current 
and incremental increases in current because of "warm-up" 
effects, it is suggested that an appropriate heat sink be used 
with the eA3130. In addition, when "sinking" or "sourcing" 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat
sinking can also very markedly reduce and stabilize input 
current variations. 

Input-Offset-Voltage (VIO) Variation with DC Bias vs 
Device Operating Ute 

It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni
tude of the change is increased at high temperatures. Users 
of the CA3130 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper
ation at high temperatures with a significant differential dc 
bias voltage applied across Terms. 2 and 3. Figure 12 shows 
typical data pertinent to shifts in offset voltage encountered 
with CA3130 devices (TO-5 package) during life testing. At 
lower temperatures (TO-5 and plastic), for example at 
+8SoC, this change in voltage is considerably less. In typical 
linear applications where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. The two
volt de differential voltage example represents conditions 
when the amplifier output stage is "toggled", e.g., as in com
parator applications. 
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Power-Supply Considerations 

8ecause the CA3130 is very useful in single-supply applica
tions. It is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figures 13A and 138 show the CA3130 
connected for both dual-and single-supply operation. 

Dual-supply Operation: When the output voltage at Term. 6 
is zero-volts. the currents supplied by the two power supplies 
are equal. When the gate terminals of Q8 and Q12 are 
driven increasingly positive with respect to ground. current 
flow through Q12 (from the negative supply) to the load is 
increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven increasingly negative with respect 
to ground. current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 

Single-supply Operation: Initially. let it be assumed that the 
value of RL is very high (or disconnected). and that the input
terminal bias (Terms. 2 and 3) Is such that the output termi
nal (No.6) voltage is at V+I2. i.e .• the voltage-drops across 
Q8 and Q12 are of equal magnitude. Figure 6 shows typical 
quiescent supply-current vs supply-voltage for the CA3130 
operated under these conditions. Since the output stage is 
operating as a Class A amplifier. the supply-current will 
remain constant under dynamiC operating conditions as long 
as the transistors are operated in the linear portion of their 
voltage-transfer characteristics (see Figure 5). If either Q8 or 
Q12 are swung out of their linear regions toward cut-off (a 
non-linear region). there will be a corresponding reduction in 
supply-current. In the extreme case. e.g.. with Term. 8 
swung down to ground potential (or tied to ground). NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8. Q12 goes essentially to 
zero. The two preceding stages in the CA3130. however. 
continue to draw modest supply-current (see the lower curve 
in Figure 6) even though the output stage is strobed off. Fig
ure 13A shows a dual-supply arrangement for the output 
stage that can also be strobed off. assuming RL = 00 by pull
ing the potential of Term. 8 down to that of Term. 4. 

Let it now be assumed that a load-resistance of nominal 
value (e.g .• 2 kilohms) is connected between Term. 6 and 
ground in the circuit of Figure 138. Let it further be assumed 
again that the input-terminal bias (Terms. 2 and 3) is such 
that the output terminal (No.6) voltage is at V+I2. Since 
PMOS transistor Q8 must now supply quiescent current to 
both RL and transistor Q12. it should be apparent that under 
these conditions the supply-current must Increase as an 
inverse function of the RL magnitude. Figure 8 shows the 
voltage-drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 5 shows the 
voltage-transfer characteristics of the output stage for sev
eral values of load resistance. 

Wideband Noise 

From the standpoint of low-noise performance consider
ations. the use of the CA3130 is most advantageous in appli
cations where in the source resistance of the input signal is 
on the order of 1 megohm or more. In this case. the total 
input-referred noise voltage is typically only 2311V when the 
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test-circuit amplifier of Figure 14 is operated at a total supply +7.SV 

voltage of 15 volts. This value of total Input-referred noise 
remains essentially constant, even though the value of 
source resistance is raised by an order of magnitude. This 
characteristic is due to the fact that reactance of the input "lI" 
capacitance becomes a significant factor in shunting the o-'INr-{ 

.;. 0.01J1F 

source resistance. It should be noted, however, that for val
ues of source resistance very much greater than 1 megohm, 
the total noise voltage generated can be dominated by the 
thermal noise contributions of both the feedback and source 
resistors. 

+7.SV 

47pF -7.5V 

BW (-3<IB) = 200kHz 
TOTAL NOISE VOLTAGE (REFERRED 

TO INPUT) = 23J1V TYP. 

.;. 0.01"" 

NOISE 
)-__ 0<) VOLTAGE 

OUTPUT 

3O.1kn 

1kn 

FIGURE 14. TEST-CIRCUIT AMPUFIER (3D-dB GAIN) USED 
FOR WlDEBAND NOISE MEASUREMENTS 

Typical Applications 
Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CA3130, are particularly suited to service as voltage fol
lowers. Figure 15 shows the circuit of a classical voltage fol
lower, together with pertinent waveforms using the CA3130 
in a split-supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Figure 16, together with related waveforms. This follower cir
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 16A with 
input-signal ramping. The waveforms in Figure 168 show 
that the follower does not lose its input-to-output phase
sense, even though the input is being swung 7.5 volts below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator appli
cations. Figure 16B also shows the manner in which the 
CMOS output stage permits the output signal to swing down 
to the negative supply-rail potential (I.e., ground in the case 
shown). The digital-ta-analog converter (DAC) circuit, 
described in the following section, illustrates the practical 
use of the CA3130 in a single-supply voltage-follower appli
Qiition. 

CC·SSpF 
2kn 

BW (-3dB). 4MHz 0.1J1F 
SR.10Vl ... 

Top ltace: Output 
Bottom Trace: Input 

(A) SMALL-SIGNAL RESPONSE (SOmVIDIV. AND 200nsJDIV.) 

Top ltace: Output Signal (2VIDIV. and 5I1S1DIV.) 
Center ltace: Difference Signal (5mVIDIV. and 5I1S1DIV.) 
Bottom 1tace: . Input Signal (2VIDIV. and 5j1sIDI\I.) 

(B) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SET
TUNG nME (MEASUREMENT MADE WITH. TEKTRONIX 
7A 13 DIFFERENTIAL AMPUFIER) 

FIGURE 15. SPUT-SUPPLYVOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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+15V 

2kn 

(A) OUTPUT-WAVEFORM WITH INPUT-SIGNAL RAMPING (2V1 
DIV. AND 500IlsJDIV.) 

Top Trace: Output (5V1DIV. and 200p.slDIV.) 
Bottom Trace: Input Signal (5VIDIV. and 2OOIISIDIV.) 

(B) OUTPUT WAVEFORM WITH GROUND-REFERENCE SINE
WAVE INPUT 

FIGURE 16. SINGLE-8UPPLY VOLTAGE-FOLLOWER WITH 
ASSOCIATED WAVEFORMS. (e.g., FOR USE IN SIN
GLE-8UPPLY tVA CONVERTER; SEE FIGURE 9 IN 
AN6080) 

9-Bit COSIMOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 17 This system combines the concepts of 
multiple-switch CMOS IC's, a low-cost ladder network of dis
crete metal-oxide-film resistors, a CA3130 op-amp con
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 100volt logic levels are used in 
the circuit of Figure 17. 

The circuit uses an R12R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter
minal. Each CD4007A contains three "inverters", each 
"inverter" functioning as a single-pole double-throw switch to 
terminate an arm of the Rl2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of BOB,OOO-ohm resis
tors from the same manufacturing lot. 

A single 15-volt supply provides a pOSitive bus for the 
CA3130 follower amplifier and feeds the CA3085 voltage 
regulator. A "scale-adjust" function is provided by the regula
tor output control, set to a nominal 10-volt level in this sys
tem. The line-voltage regulation (approximately 0.2%) 
permits a 9-bit accuracy to be maintained with variations of 
several volts in the supply. The flexibility afforded by the 
COSIMOS building blocks Simplifies the deSign of DAC sys
tems tailored to particular needs. 

Single-Supply, Absolute-Value, Ideal Full-Wave RectHier 

The absolute-value circuit using the CA3130 is shown in Figure 
18. During positive excursions, the input signal is fed through 
the feedback network directly to the output. Simultaneously. the 
positive excursion of the input signal also drives the output ter
minal (No. B) of the inverting amplifier in a negative-going 
excursion such that the 1 N914 diode effectively disconnects the 
amplifier from the signal path. During a negative-going excur
sion of the input signal, the CA3130 functions as a normal 
inverting amplifier with a gain equal to -R2IRI. When the equal
ity of the two equations shown in Figure 18 is satisfied. the full
wave output is symmetrical. 

Peak Detectors 

Peak-detector circuits are easily implemented with the 
CA3130, as illustrated in Figure 19 for both the peak-positive 
and the peak-negative circuit. It should be noted that with 
large-signal inputs. the bandwidth of the peak-negative cir
cuit is much less than that of the peak-positive circuit. The 
second stage of the CA3130 limits the bandwidth in this 
case. Negative-going output-signal excursion requires a pos
itive-going signal excursion at the collector of transistor Qll. 
which is loaded by the intrinsic capacitance of the associ
ated circuitry in this mode. On the other hand. during a neg
ative-going signal excursion at the collector of Ql1, the 
transistor functions in an active "pull-down" mode so that the 
intrinsic capaCitance can be discharged more expeditiously. 
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Error-Amplifier In Regulated-Power Supplies 

The CA3130 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error
amplifier when the regulated output voltage is required to 
approach zero. Figure 20 shows the schematic diagram of a 
40mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from 0 to 
13 volts. 03 and 04 in 1C2 (a CA3086 transistor-array IC) 
function as zeners to provide supply-voltage for the CA3130 
comparator (IC1). 01, 02, and 05 in IC2 are configured as a 
low impedance, temperature-compensated source of adjust
able reference voltage for the error amplifier. Transistors 01, 
02, 03, and 04 in IC3 (another CA3086 tranSistor-array IC) 
are connected in parallel as the series-pass element. Tran
sistor 05 in IC3 functions as a current-limiting device by 
diverting base drive from the series-pass transistors, in 
accordance with the adjustment of resistor R2. 

Figure 21 contains the schematic diagram of a regulated 
power-supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1 to 50 volts 
and currents up to 1 ampere. The error amplifier (IC1) and 
circuitry associated with IC2 function as previously 
described, although the output of IC1 is boosted by a dis
crete transistor (04) to provide adequate base drive for the 
Darlington-connected series-pass transistors 01, 02. Tran
sistor 03 functions in the previously described current-limit
ing circuit. 

Multlvlbrators 

The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with high 
RIC ratios. The circuit diagram of a pulse generator (astable 
multivibrator), with provisions for independent control of the 
·on" and ·off" periods, is shown in Figure 22. Resistors R1 
and A2 are used to bias the CA3130 to the mid-point of the 
supply-voltage and R3 is the feedback resistor. The pulse 
repetition rate is selected by positioning S1 to the desired 
position and the rate remains essentially constant when the 
resistors which determine "on-period' and "off-period" are 
adjusted. 

Function Generator 

Figure 23 contains a schematic diagram of a function gener
ator using the CA3130 in the integrator and threshold detec
tor functions. This circuit generates. a triangular or square
wave output that can be swept over a 1,000,000:1 range (0.1 
Hz to 100 kHz) by means of a single control, R1. A voltage
control input is also available for remote sweep-control. 

The heart of the frequency-determining system is an opera
tional-transconductance-amplifier (OTA)·, IC1, operated as a 
voltage-controlled current-source. The output, 10 , is a current 
applied directly to the integrating capacitor, C1, in the feed
back loop of the integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer R2 is used to 
adjust the circuit for slope symmetry of positive-going and 
negative-going Signal excursions. 

Another CA3130, IC3, Is used as a controlled switch to set 
the excursion limits of the triangular output from the integra
tor circuit. Capacitor C2 is a "peaking adjustmenr to opti
mize the high-frequency square-wave performance of the 
circuit. 

Potentiometer R3 is adjustable to perfect the "amplitude 
symmetry" of the square-wave output signals. Output from 
the threshold detector is fed back via resistor R4 to the input 
of IC1 so as to toggle the current source from plus to minus 
in generating the linear triangular wave. 

Operation with Output-Stage Power-Booster 

The current-sourcing and-sinking capability of the CA3130 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 24, three CMOS transistor
pairs in a single CA3600E· IC array are shown parallel con
nected with the output stage in the CA3130. In the Class A 
mode of CA3600E shown, a typical device consumes 20 mA 
of supply current at 15V operation. This arrangement boosts 
the current-handling capability of the CA3130 output stage 
by about 2.5X. 

The amplifier circuit in Figure 24 employs feedback to estab
lish a closed-loop gain of 48 dB. The typical large-signal 
bandwidth (-3dB) is 50 kHz. 

• See File Number 619 for technical information. 

Rl 
100110 

R2 
100110 

FREQUENCY RANGE: 

paSITIQNOF SI 
O.OOl I1F 

O.OlI1F 
O.lI1F 

lliF 

PI " SF PEBloD 
411S to lms 
4011S to 1 Oms 
O.411S to lOOms 
411S to ls 

-!- 0.01.." 

FIGURE22. PULSE GENERATOR (ASTABLE MULTIVIBRATOR) 
WITH PROVISIONS FOR INDEPENDENT CON
TROL OF "ON" AND "OFF" PERIODS. 
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CA3130, CA3130A 

R4 

VOLTAGE-CONTROLLED 270kn 
CURRENT SOURCE 

+7.5V 

+7.5V 

INTEGRATOR 
C1 

100:~---' 
SLOPE 

-7.5V 

SYMMETRY 1 OleO 
ADJUST -W,...-+ 
VOLTAGE R1 
CONTROLLED 101eO 
INPUT -!-

FREQUENCY 
ADJUST 
(100kHz MAX) 

-7.SV 

• SEE FILE NUMBER 475 AND AN6668 
FOR TECHNICAL INFORMAnON 

THRESHOLD 
DETECTOR 

-7.5V 

FIGURE 23. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,00011 WITH A SINGLE CONTROL). 

NOTE: 

7501eO 

- 2kQ 

Av(CL) • 48 dB 

LARGE SIGNAL 
8W(-3 dB). 50kHz 

TRANSISTORS p1, p2, p3 AND 
n1, n2, n3 ARE PARALLEL 
CONNECTED WITH Q8 AND Q12, 
RESPEcnVELY, OF THE CA3130 

+15V 

1MO 

51 OleO 

·SEE FILE NUMBER 81. 

FIGURE 24. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3130. 
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Features 
• MOSFET Input Stage 

• Very High Input Impedance tztN) ·l.5TO (Typ.) 
• Very Low Input Current (II) ·10pA (Typ.) at ±15V 
• Wide Common Mode Input Voltage Range 

(VICR) • Can be Swung O.SV Below Negative 
Supply Voltage Rail 

• Output Swing Complements Input Common 
Mode Range 

• Directly Replaces Industry Type 741 In Most 
Applications 

Applications 
• Ground·Referenced Single Supply Amplifiers In 

Automobile and Portable Instrumentation 

• Sample and Hold Amplifiers 

• Long Duration T1mersiMultlvlbrators 
(J.tseconds·Minutes-Hours) 

• Photocurrent Instrumentation 

• Peak Detectors 
• Active Filters 

• Comparators 

• Interface In SV TTL Systems and Other Low 
Supply Voltage Systems 

• All Standard Operational Amplifier Applications 

• Function Generators 

• Tone Controls 

• Power Supplies 

• Portable Instruments 

• Intrusion Alarm Systems 

Pinouts 
CA3140 (TO-5 STYLE CAN) 

TOP VIEW 

INV. 2 
INPUT 

4 
Y-ANDCASE 

CA3140 
BiMOS Operational Amplifier 

with MOSFET Input/Bipolar Output 

Description 
The CA3140A and CA3140 are Integrated circuit operational amplifiers 
that combine the advantages of high voltage PMOS transistors with 
high voltage bipolar transistors on a single monolithic chip. Because of 
this unique combination of technologies, this device can now provide 
designers, for the first time, with the special performance features of 
the CA3130 CMOS operational amplifiers and the versatility of the 741 
series of industry standard operational amplifiers. 

The CA3140A and CA3140 BiMOS operational amplifiers feature gate 
protected MOSFET (PMOS) transistors In the Input circuit to provide 
very high Input impedance, very low input current, and high speed per
formance. The CA3140A and CA3140 operate at supply voltage from 
4V to 36V (either single or dual supply). These operalional amplifiers 
are intemally phase compensated to achieve stable operation in unity 
gain follower operation, and additionally, have access terminal for a 
supplementary external capacitor If additional frequency roll-off Is 
desired. Terminals are also provided for use in applications requiring 
input offset voltage nulling. The use of PMOS field effect transistors in 
the Input stage results in common mode input voltage capability down 
to O.5V below the negative supply terminal, an important attribute for 
single supply applications. The output stage uses bipolar transistors 
and Includes bullt·ln protection against damage from load terminal 
short circuiting to either supply rail or to ground. 

The CA3140 Series has the same S-Iead pinout used for the "741" and 
other Industry standard op amps. The CA3140A and CA3140 are 
Intended for operation at supply voltages up to 36V (±lSV). 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

CA3140AE ·55"C to + 125°C 8 Lead Plastic DIP 

CA3140AM ·550C to + 125°C 8 Lead SOIC 
CA3140AS ·55"C to + 125°C 8 Pin Can, Lead Formed 

CA3140AT ·55"C to + 125°C 8 Pin Can 
CA3140BT -55"C to + 125°C 8 Pin Can 

CA3140E ·55°C to + 125°C 8 Lead Plastic DIP 
CA3140M ·5500 to +125°C 8 Lead SOIC 

CA3140M96 ·55"C to + 125°C 8 LeadSOIC' 

CA3140T ·55"C to + 125°C SPlnCan 

• Denotes Tape and Reel 

CA3140 (PDIP, SOIC) 
TOP VIEW 

OFFSET 
NULL 

NON-INV. 
INPUT 

OFFSET 
NULL 

CAUTION: These dEllllces are sensHiva to elaclrostalic discharge. Users should follow proper I.C. Handling Procedures. File Number 975.2 
Copyright@Harris Corporstion 1993 2·123 



Specifications CA3140, CA3140A 

Absolute Maximum Ratings 
DC Supply Voltage (Between V+ and V- Terminals) •••••••••• 36V 
Differential Mode Input Voltage ........................... 8V 
DC Input Voltage .••••.•.•.•••.•..•••.• (V+ +BV) To (Y- ..().5V) 
Input Terminal Current ................................ 1 rnA 
Output Short Circuit Duration' .••••••••.•••••.•••••• Indefinite 
Junction Temperature .............................. +175°C 
Junction Temperature (Plastic Package) •••.••.•••••.•• +150°0 
Lead Temperature (Soldering 10 Sec.) ..• , .•.••••••..•• +3OO"C 

• Short circuit may be applied to ground or to either suppl~ . 

Operating Conditions 
OperatlngTemperature Range (AII1}tpes) •••••••• -55OC to + 125°C 
Storage Temperature Range (AU 1}tpes) .•••.••.• -6500 to +1 SOOC 

CAUTION: stresses abow thoss I/sIt1d in *AbsoluIB Maximum Rallngs" may causs permanent damage to IhB device. This Is a sttess only rating and operation 
of the device at Ihsse or any other conditions abow Ihoss IndlcalBd In /he operational sections of this specification is not impOst/. 

Electrical Specifications V+ = +15V, V- = -15V, T" = +250C 

PARAMETERS SYMBOL TEST CONDITIONS CA3140A CA3140 UNITS 

Input Offset Voltage Adjustment Resistor Typical Value 01 ReSistor 18 4.7 kn 
Between Term. 4 and 5 or 4 
and 1 to Adjust Max. VIO 

Input Resistance RI 1.5 1.5 Tn 

input CapaCitance CI 4 4 pF 

OUtput Resistance Ro 60 60 0 

Equivalent Wldeband Input Noise Voltage lIN BW= 140kHz 48 48 ltV 
(See Figure 35) Rs= 1 Mn 

Equivalent Input Noise Voltage (See Figure 7) eN 1= 1kHz Rs = 1000 40 40 nW.fHz 

1=10kHz 12 12 nVNHi 

Short Circuit Current to Opposite Supply 

Source 1011+ 40 40 rnA 

Sink IoM- 18 18 rnA 

Gain-Bandwidth Product, (See Figures 2 & 15) IT 4.5 4.5 MHz 

Slew Rate, (See Figure 3) SR 9 9 WItS 

Sink Current From Terminal 8 To Terminal 4 to Swing 220 220 ItA 
Output Low . 

Transient Response: At. = 2kn 
CL= 100pF 

Rise Time 

'" 
0.08 0.08 ItS 

OVershoot (See Figure 34) OS 10 10 % 

Settling Time at 10 Vp.p' (See Figure 14) Is RL=2kn 
~=100pF 

1mV Voltage Follower 4.5 4.5 ItS 

10mV 1.4 1.4 ItS 
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Specifications CA3140, CA3140A 

Electrical Specifications For Equipment Design. At V+ .. 15V, V- .. 15V, T" .. +25"C, Unless Otherwise Specified 

LlMrrs 

CA3140A CA3140 

PARAMETERS SYMBOL MIN TYP MAX MIN TYP MAX UNrrs 

Input Offset Voltage IVIOI - 2 5 - 5 15 mV 

Input Offset Current 11101 - 0.5 20 - 0.5 30 pA 

Input Current II - 10 40 - 10 50 pA 

Large Signal Voltage Gain (Note 1) AoL 20 100 - 20 100 - kVN 
(See Figures 1, 15) 

86 100 - 86 100 - dB 

Common Mode Rejection Rallo CMRR - 32 320 - 32 320 IlVN 
(See Figure 6) 

70 90 - 70 90 - dB 

Common Mode Input Voltage Range VieR -15 -15.5 12 -15 -15.5 11 V 
(See Figure 17) to to 

+12.5 +12.5 

Power-$upply Rejection Ratio, PSRR - 100 150 - 100 150 IlVN 
INidl1Vs (See Figure 8) 

76 80 - 76 80 - dB 

Max. Output Voltage (Note 2) VOM+ +12 13 - +12 13 - V 
(See Figures 10, 17) 

VOM- -14 -14.4 - -14 -14.4 - V 

Supply Current (See Figure 4) 1+ - 4 6 - 4 6 rnA 

Device Dissipation Po - 120 180 - 120 180 mW 

Input Offset Voltage Temp. Drift, - 6 - - 8 - IlVJOC 
I1Vldl1T 

NOTES: 

1. AtVo = 26Vpl" +12V,14Vand RL =2kn 

2. At RL = 2kn. 

Electrical Specifications For Design Guidance. At V+ = 5 V, V- = OV, T" = +25"C 

PARAMETERS SYMBOL CA3140A CA3140 UNrrS 

Input Offset Voltage IVIOI 2 5 mV 

Input Offset Current 11101 0.1 0.1 pA 

Input Current II 2 2 pA 

Input Resistance RI 1 1 Tn 
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Specifications CA3140, CA3140A 

Electrical Specifications For Design Guidance. At V+ = 5 V, V- = OV, TA = +25"C (Continued) 

PARAMETERS SYMBol.. CA3140A CA3140 UNrrs 

large Signal Voltage Galn AoI. 100 100 kVN 
(See Figures 1, 15) 

100 100 dB 

Common Mode Rejection Ratio, CMRR 32 32 .".VN 

90 90 dB 

Common Mode Input Voltage Range (See Figure 17) VICR -0.5 -0.5 V 

2.6 2.6 V 

Power Supply Rejection Ratio PSRR 100 100 .".VN 
I1Vwjl1Vs 

80 80 dB 

Maximum Output Voltage (See Figures 10, 17) YoMi' 3 3 V 

VOM- 0.13 0.13 V 

Maximum Output Current: 

Source IOM+ 10 10 rnA 

Sink IOM- 1 1 rnA 

Slew Rate (See Figure 3) SR 7 7 ViliS 

Galn-Bandwidth Product (See Figure 2) IT 3.7 3.7 MHz 

SUpply Current (See Figure 4) 1+ 1.6 1.6 rnA 

Device Dissipation Po 8 8 mW 

Sink Current from Term. B to Term. 4 to Swing Output Low 200 200 v.A 
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Block Diagram 

Schematic Diagram 

CA3140A, CA3140 

t----...... -.. -.. ------------------------... -------------~ 
: 2mA 4mA: , ~ , , , , , , , , , 

2mA 

~~~----~~~~-------4--~~4 ~ 
5 1 ------------------------- 8-=~;~_;;;~::J 

OFFSET 
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CA3140A, CA3140 

Circuit Description 

As shown in the block diagram, the input terminals may be 
operated down to 0.5V below the negative supply rail. Two 
class A amplifier stages provide the voltage gain, and a 
unique class AB amplifier stage provides the current gain 
necessary to drive low-impedance loads. 

A biasing circuit provides control of cascoded constant 
current flow circuits in the first and second stages. The 
CA3140 includes an on chip phase compensating capacitor 
that is sufficient for the unity gain voltage follower 
configuration. 

Input Stages 

The schematic diagram consists of a differential input stage 
using PMOS field-effect transistors (09, 010) working into a 
mirror pair of bipolar transistors (011, 012) functioning as 
load resistors together with resistors R2 through RS. The 
mirror pair transistors also function as a differential-tOosingle
ended converter to provide base current drive to the second 
stage bipolar transistor (013). Offset nulling, when desired, 
can be effected with a 10kQ potentiometer connected across 
terminals 1 and 5 and with its slider arm connected to 
terminal 4. Cascode connected bipolar transistors 02, 05 
are the constant current source for the input stage. The base 
biasing circuit for the constant current source is described 
subsequently. The small diodes 03, 04, 05 provide gate 
oxide protection against high voltage transients, e.g., static 
electricity. 

Second Stage 

Most of the voltage gain in the CA3140 is provided by the 
second amplifier stage, consisting of bipolar transistor 013 
and its cascocle connected load resistance provided by 
bipolar transistors 03, 04. On-Chip phase compensation, 
sufficient for a majority of the applications is provided by Cl. 
Additional Miller-Effect compensation (roll off) can be 
accomplished, when desired, by simply connecting a small 
capacitor between terminals 1 and 8. Terminal 8 is also used 
to strobe the output stage into quiescence. When terminal 8 
is tied to the negative supply rail (terminal 4) by mechanical 
or electrical means, the output terminal .6 swings low, i.e., 
approximately to terminal 4 potential. 

Output Stage 

The CA3140 Series circuits employ a broad band output 
stage that can sink loads to the negative supply to 
complement the q,apability of the PMOS input stage when 
operating near the negative rail. Ouiescent current in the 
emitter-follower cascade circuit (017, 018) is established by 
transistors (014, 015) whose base currents are "mirrored" to 
current flowing through diode D2 in the bias circuit section. 

When the CA3140 is operating such that output terminal 6 is 
sourcing current, transistor 018 functions as an emitter
follower to source current from the V+ bus (terminal 7), via 
07, R9, and Rl1. Under these conditions, the collector 
potential of 013 is sufficiently high to permit the necessary 
flow of base current to emitter follower 017 which, In turn, 
drives 018. 

When the CA3140 is operating such that output terminal 6 is 
sinking current to the v- bus, transistor 016 is the current 
sinking element. Transistor 016 Is mirror connected to 06, 
R7, with current fed by way of 021, R12, and 020. Transistor 
020, in turn, is biased by current flow through R13, zener 
08, and R14. The dynamic current sink is controlled by 
voltage level sensing. For purposes of explanation, it Is 
assumed that output terminal 6 is quiescently established at 
the potential midpoint between the V+ and v- supply rails. 
When output current sinking mode operation is required, the 
collector potential of transistor 013 is driven below Its 
quiescent level, thereby causing 017, 018 to decrease the 
output voltage at terminal 6. Thus, the gate terminal of 
PMOS transistor 021 is displaced toward the V- bus, thereby 
reducing the channel resistance of 021. As a consequence, 
there is an incremental increase in current flow through 020, 
R12, 021, 06, R7, and the base of 016. As a result, 016 
sinks current from terminal 6 in direct response to the 
incremental change in output voltage caused by 018. This 
sink current flows regardless of load; any excess current is 
internally supplied by the emitter-follower 018. Short circuit 
protection of the output circuit is provided by 019, which is 
driven into conduction by the high voltage drop developed 
across Rll under output short circuit conditions. Under 
these conditions, the collector of 019 diverts current from 
04 so as to reduce the base current drive from 017, thereby 
limiting current flow in 018 to the short circuited load 
terminal. 

Bias Circuit 

Ouiescent current in all stages (except the dynamic current 
sink) of the CA3140 is dependent upon bias current flow in 
R1. The function of the bias circuit is to establish and 
maintain constant current flow through 01, OS, 08 and 02. 
01 is a diode connected transistor mirror connected in 
parallel with the base emitter junctions of 01, 02, and 03. 
01 may be considered as a current sampling diode that 
senses the emitter current of 06 and automatically adjusts 
the base current of as (via 01) to maintain a constant 
current through as, OB, 02. The base currents in 02, 03 
are also determined by constant current flow 01. 
Furthermore, current in diode connected transistor 02 
establishes the currents in transistors 014 and 015. 
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CA3140, CA3140A 

Metallization Mask Layout 

62·70 
(1.575-1.778) 

58-66 
(1.473-1.676) 

Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as Indicated. Grid graduations 
are in mils (10-3 Inch). 

The photographs and dimensions represent a chip when It Is 
part of the wafer. When the wafer is cut into chips, the cleavage 
angles are 57" instead of 90" with respect to the face of the 
chip. Therefore, the isolated chip Is actually 7 mils (0.17mm) 
larger In both dimensions. 

Typical Performance Curves 
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CA3140, CA3140A 

Typical Performance Curves (Continued) 
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CA3140, CA3140A 

Applications Considerations 

Wide dynamic range of input and output characteristics with 
the most desirable high input impedance characteristics is 
achieved in the CA3140 by the use of an unique design based 
upon the PMOS Bipolar process. Input common mode voltage 
range and output swing capabilities are complementary, 
allowing operation with the single supply down to 4V. 

The wide dynamic range of these parameters also means 
that this device is suitable for many single supply applica
tions, such as, for example, where one input is driven below 
the potential of terminal 4 and the phase sense of the output 
signal must be maintained - a most important consideration 
in comparator applications. 

Output Circuit Considerations 

Excellent interfacing with TIL circuitry is easily achieved 
with a single 6.2V zener diode connected to terminal 8 as 
shown in Figure 9. This connection assures that the maxi
mum output signal swing will not go more positive than the 
zener voltage minus two base-to-emitter voltage drops within 
the CA3140. These voltages are independent of the operat
ing supply voltage. 

TYPICAL 
TTL GATE 

FIGURE9. ZENER CLAMPING DIODE CONNECTED TO TERMI
NALS 8 AND 4 TO LIMIT CA3140 OUTPUT SWING 
TO TTL LEVELS . 
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+15V 
1/ 

/ 1/ V+3OV 
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LOAD (SINKING) CURRENT (mAl 

FIGURE 10. VOLTAGE ACROSS OUTPUT TRANSISTORS Q15 
AND Q16 va LOAD CURRENT 

Figure 10 shows output current sinking capabilities of the 
CA3140 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level shifting circuitry usually associated with the 741 series 
of operational amplifiers. 

Figure 13 shows some typical configurations. Note that a 
series resistor, RL, is used in both cases to limit the drive 
available to the driven device. Moreover, it is recommended 
that a series diode and shunt diode be used at the thyristor 
input to prevent large negative transient surges that can 
appear at the gate of thyristors, from damaging the inte
grated circuit. 
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FlGURE11. TYPICALINCREMENTALOFFSETVOLTAGESHIFT 
v& OPERATING LIFE 

Offset Voltage Nulling 

The input offset voltage can be nulled by connecting a 101d} 
potentiometer between terminals 1 and 5 and returning its 
wiper arm to terminal 4, see Figure 12{A). This technique, 
however, gives more adjustment range than required and 
therefore, a considerable portion of the potentiometer rota
tion is not fully utilized. Typical values of series resistors that 
may be placed at either end of the potentiometer, see Figure 
12{B), to optimize its utilization range are given in the table 
"Electrical Specifications' shown in this bulletin. 

An alternate system is shown in Figure 12{C). This circuit 
uses only one additional resistor of approximately the value 
shown in the table. For potentiometers, In which the resis
tance does not drop to zero n at either end of rotation, a 
value of resistance 10% lower than the values shown in the 
table should be used. 

Low Voltage Operation 

Operation at total supply voltages as low as 4V is possible 
with the CA3140. A current regulator based upon the PMOS 
threshold voltage maintains reasonable constant operating 
current and hence consistent performance down to these 
lower voltages. 

The low voltage limitation occurs when the upper extreme of 
the input common mode voltage range extends down to the 
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voltage at terminal 4. This limit is reached at a total supply 
voltage just below 4V.The output voltage range also begins 
to extend down to the negative supply rail, but is slightly 
higher than that of the input. Figure 17 shows these 
characteristics and shows that with 2V dual supplies, the 
lower extreme of the input common mode voltage range is 
below ground potential. 

Bandwidth and Slew Rate 

For those cases where bandwidth reduction is desired, for 
example, broadband noise reduction, an external capacitor 
connected between terminals 1 and 8 can reduce the open 
loop -3dB bandwidth. The slew rate will, however, also be 
proportionally reduced by using this additional capacitor. 
Thus, a 20% reduction in bandwidth by this technique will 
also reduce the slew rate by about 20%. 

Figure 14 shows the typical settling time required to reach 
1mV or 10mV of the final value for various levels of large 
signal inputs for the voltage follower and inverting unity gain 
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amplifiers. The exceptionally fast settling time characteristics 
are largely due to the high combination of high gain and wide 
bandwidth ofthe CA3140; as shown in Figure 15. 

Input Circuit Considerations 

As mentioned previously, the amplifier inputs can be driven 
below the terminal 4 potential, but a series current limiting 
resistor is recommended to limit the maximum input terminal 
current to less than 1 mA to prevent damage to the input pro
tection circuitry. 

Moreover, some current limiting resistance should be 
provided between the inverting Input and the output when 
the CA3140 is used as a unity gain voltage follower. This 
resistance prevents the possibility of extremely large input 
signal transients from forcing a Signal through the input 
protection network and directly driving the internal constant 
current source which could result in positive feedback via the 
output terminal. A 3.9kO resistor is sufficient. 
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The typical input current Is in the order of 10pA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device dissipation will increase, 
raising the chip temperature and resulting in increased input 
current. Figure 16 shows typical input terminal current ver
sus ambient temperature for the CA3140. 

It is well known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes in 
input offset voltage) due to the application of large differen
tial input voltages that are sustained over long periods at ele
vated temperatures. 

Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts 
of the opposite polarity reverse the offset. Figure 11 shows 
the typical offset voltage change as a function of various 
stress voltages at the maximum rating of +12SoC (for TO-S); 
at lower temperatures (TO-S and plastic), for example, at 
+85°C, this change in voltage is considerably less. In typical 
linear applications, where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. 

Super Sweep Function Generator 

A function generator having a wide tuning range Is shown in 
Figure 18. The 1,000,00011 adjustment range is accom
plished by a single variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a non-inverting 
readout amplifier of the triangular signal developed across 
the integrating capacitor network connected to the output of 
the CA3080A current source. 

Buffered triangular output signals are then applied to a sec
ond CA3080 functioning as a high speed hysteresis switch. 
Output from the switch is returned directly back to the input 
of the CA3080A current source, thereby, completing the pos
Itive feedback loop 

The triangular output level is determined by the four 1N914 
level limiting diodes of the second CA3080 and the resistor 
divider network connected to terminal No.2 (input) of the 
CA3080. These diodes establish the input trip level to this 
switching stage and, therefore, indirectly determine the 
amplitude of the output triangle. 

Compensation for propagation delays around the entire loop 
Is provided by one adjustment on the input of the CA3080. 
This adjustment, which provides for a constant generator 
amplitude output, is most easily made while the generator is 
sweeping. High frequency ramp linearity Is adjusted by the 
single 7-to-6pF capacitor in the output of'the CA3080A. 

It must be emphasized that only the CA3080A is 
characterized for maximum output linearity in the current 
generator function. 

Meter Driver and Buffer Amplifier 

Figure 19 shows the CA3140 connected as a meter driver 
and buffer amplifier. Low driving impedance is required of 
the CA3080A current source to assure smooth operation of 

the Frequency Adjustment Control. This low-driving 
impedance requirement is easily met by using a CA3140 
connected as a voltage follower. Moreover, a meter may be 
placed across the input to the CA3080A to give a logarithmic 
analog Indication of the function generators frequency. 

Analog frequency readout is readily accomplished by the 
means described above because the output current of the 
CA3080A varies approximately one decade for each 60mV 
change In the applied voltage, V ABC (voltage between 
terminals Sand 4 of the CA3080A of the function generator). 
Therefore, six decades represent 360mV change in VABC> 

Now, only the reference voltage must be established to set 
the lower limit on the meter. The three remaining transistors 
from the CA3086 Array used in the sweep generator are 
used for this reference voltage. ·In addition, this reference 
generator arrangement tends to track ambient temperature 
variations, and thus compensates for the effects of the nor
mal negative temperature coefficient of the CA3080A V ABC 
terminal voltage. 

Another output voltage from the reference generator is used 
to insure temperature tracking of the lower end of the 
Frequency Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring similar 
temperature coefficients at both ends of the Frequency 
Adjustment Control. 

To calibrate this circuit, set the Frequency Adjustment 
Potentiometer at its low end. Then adjust the Minimum 
Frequency Calibration Control for the lowest frequency. To 
establish the upper frequency limit, set the Frequency 
Adjustment Potentiometer to its upper end and then adjust 
the Maximum Frequency Calibration Control for the 
maximum frequency. Because there is interaction among 
these controls, repetition of the adjustment procedure may 
be necessary. Two adjustments are used for the meter. The 
meter sensitivity control sets the meter scale width of each 
decade, while the meter position control adjusts the pointer 
on the scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity adjustment control 
calibrates the meter so that it deflects 1/6 of full scale for 
each decade change in frequency. 

Sine Wave Shaper 

The circuit shown in Figure 20 uses a CA3140 as a voltage 
follower in combination with diodes from the CA3019 Array 
to convert the triangular signal from the function generator to 
a sine-wave output signal having typically less than 2% THO. 
The basic zero crossing slope is established by the 101<0 
potentiometer connected between terminals 2 and 6 of the 
CA3140 and the 9.11<0 resistor and 101<0 potentiometer 
from terminal 2 to ground. Two break points are established 
by diodes 0 1 through 04, Positive feedback via 0 5 and 0 6 
establishes the zero slope at the maximum and minimum 
levels of the sine wave. This technique is necessary because 
the voltage follower configuration approaches unity gain 
rather than the zero gain required to shape the sine wave at 
the two extremes. 
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Three tone test signals, highest frequency ~.5MHz. Note the slight 
asymmetry at the three second/cycle signal. This asymmetry is due 
to slightly different positive and negative Integration from the 
CA3080A and from the pc board and component leakages at the 
100pA level. 

FIGURE 18. FUNCTION GENERATOR 
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This circuit can be adjusted most easily with a distortion 
analyzer, but a good first approximation can be made by 
comparing the output signal with that of a sine wave 
generator. The initial slope Is adjusted with the 
potentiometer R1, followed by an adjustment of R2• The final 
slope is established by adjusting R3, thereby adding 
additional segments that are contributed by these diodes. 
Because there is some interaction among these controls, 
repetition of the adjustment procedure may be necessary. 

Sweeping Generator 

Figure 21 shows a sweeping generator. Three CA3140's are 
used in this circuit. One CA3140 is used as an integrator, a 
second device is used as a hysteresis switch that deter
mines the starting and stopping points of the sweep. A third 
CA3140 is used as a logarithmic shaping network for the log 
function. Rates and slopes, as well as sawtooth, triangle, 
and logarithmic sweeps are generated by this circuit. 

Wldeband Output Amplifier 

Figure 22 shows a high slew rate, wideband amplifier 
suitable for use as a 50n transmission line driver. This 
circuit. when used in conjunction with the function generator 
and sine wave shaper circuits shown in Figures 18 and 20 
provides 18V peak-to-peak output open circuited, or 9V 
peak-to-peak output when terminated in 50n The slew rate 
required of this ampiifier is 28V1Jls (18V peak-to-peak x It x 
0.5MHz). 

OUTPUT 
DC LEVEL 

ADJUSTMENT 

= 
1.81c1l NOMINAL BANOWIDTH .IOMHz 

t,.36na 

FIGURE 22. WIDE BAND OUTPUT AMPUFIER 

Power Supplies 

High input impedance, common mode capability down to the 
negative supply and high output drive current capability are 
key factors in the design of wide range output voltage 
supplies that use a single input voltage to provide a 
regulated output voltage that can be adjusted from 
essentially OV to 24V. 

Unlike many regulator systems using comparators having a 
bipolar transistor input stage, a high impedance reference 
voltage divider from a single supply can be used in 
connection with the CA3140 (see Figure 23). 

REGULAlBI 
OUTPUT 

FIGURE 23. BASIC SINGLE SUPPLY VOLTAGE REGULATOR 
SHOWING VOLTAGE FOLLOWER CONFIGURATION 

Essentially, the regulators, shown in Figures 24 and 25, are 
connected as non inverting power operational amplifiers with 
a gain of 3.2. An 8V reference input yields a maximum out
put voltage Slightly greater than 25V. As a voltage follower, 
when the reference input goes to OV the output will be Ov. 
Because the offset voltage is also multiplied by the 3.2 gain 
factor, a potentiometer is needed to null the offset voltage. 

Series pass transistors with high ICBO levels will also prevent 
the output voitage from reaching zero because there is a 
finite voltage drop (VCEsat) across the output of the CA3140 
(see Figure 10). This saturation voltage level may indeed set 
the lowest voltage obtainable. 

The high impedance presented by terminal 8 is advanta
geous in effecting current limiting. Thus, only a small signal 
transistor is required for the current-limit sensing amplifier. 
Resistive decoupling is provided for this transistor to mini
mize damage to it or the CA3140 in the event of unusual 
input or output transients on the supply rail. 

Figures 24 and 25, show circuits in which a 02201 high 
speed diode is used for the current sensor. This diode was 
chosen for its slightly higher forward voltage drop character
istic, thus giving greater sensitivity. It must be emphasized 
that heat sinking of this diode is essential to minimize varia
tion of the current trip point due to internal heating of the 
diode. That is. 1A at 1V forward drop represents one watt 
which can result in significant regenerative changes in the 
current trip point as the diode temperature rises. Placing the 
small signal reference amplifier in the proximity of the current 
sensing diode also helps minimize the variability in the trip 
level due to the negative temperature coefficient of the 
diode. In spite of those limitations, the current limiting point 
can easily be adjusted over the range from 10mA to 1A with 
a single adjustment potentiometer. If the temperature stabil
ity of the current limiting system is a serious conSideration, 
the more usual current sampling resistor type of circuitry 
should be employed. 

A power Darlington transistor (in a heat sink TO-3 case), is used 
as the series pass element for the conventional current limiting 
system, Figure 24, because high power Darlington dissipation 
will be encountered at low output voltage and high currents. 

A small heat sink VERSAWATT transistor is used as the 
series pass element in the fold back current system, Figure 
25, since dissipation levels will only approach 1 OW. In this 
system, the 02201 diode is used for current sampling. Fold-
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back is provided by the 3kn and 100kn divider network con
nected to the base of the current sensing transistor. 

2N8385 CURRENT 
POWER DARLINGTON UMmNG 
~------------- .. -~ ADJlIST 
: :- D2201 

HUM AND NOISE OIITPUT <2OOt<VRMS 
(MEASUREMENT BANDWIDTH -1OMHz) 

LINE REGULATIOND.1%MlLT 

O.01I'f 

LOAD REGULATION 
(NO LOAD 10 FULL LOAD) 

<11.112% 

FIGURE 24. REGULATED POWER SUPPLY 

INPUT 

HUM AND NOISE OIITPUT <2OOt<VRMS 
(MEASUREMENT BANDWIDTH -10MHz) 

LINE REGULATION D.1'lWOLT 

LOAD REGULATION 
(NO LOAD 10 FULL LOAD) 

<11.112% 

FlGURE25. REGULATED POWER SUPPL YwtTH "FOLDBACK" 
CURRENT UMmNG 

Both regulators, Figures 24 and 25, provide better than 0.02% 
load regulation. Because there Is constant loop gain at ali volt
age settings, the regulation also remains constant. Une regu
lation is 0.1 % per volt. Hum and noise voltage is less than 
200j.tVas read with a meter having a 10MHz bandwidth. 

Figure 28 (a) shows the turn ON and turn OFF characteris
tics of both regulators. The slow turn on rise is due to the 
slow rate of rise of the reference voltage. Figure 26 (B) 
shows the transient response of the regulator with the 
switching of a 200 load at 20V output. 

(A) SUPPLY TURN-ON AND TURNOFF CHARACTERISTICS 

5V1Div and ·1s10iv 

(B) TRANSIENT RESPONSE 

Top "trace: Output voltage 
200mVlDiv and 51lS1Div 

Bottom nace: Collector of load switching transistor, load = 1 A 
5V lDiv and 51lS1Div 

FIGURE 26. WAVEFORMS OF DYNAMIC CHARACTERISTICS 
OF POWER SUPPLY CURRENTS SHOWN IN FIG
URES 24 AND 25 

Tone Control Circuits 

High slew rate, wide bandwidth, high output voltage capabil
ity and high input impedance are all characteristics required 
of tone control amplifiers. Two tone control circuits that 
exploit these characteristics of the CA3140 are shown in Fig
ures 27 and 28. 
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The first circuit, shown in Figure 28, is the Baxandall tone 
control circuit which provides unity gain at midband and uses 
standard linear potentiometers. The high input impedance of 
the CA3140 makes possible the use of low-cost, low-value, 
small Size capacitors, as well as reduced load of the driving 
stage. 

Bass treble boost and cut are ±15dB at 100Hz and 10kHz, 
respectively. Full peak-ta-peak output is available up to at 
least 20kHz due to the high slew rate of the CA3140. The 
amplifier gain is 3dB down from its "flat" poSition at 70kHz. 

O.005j!F 

>:J.... 5.1 
"=" MIl 

"=" 

FOR SINGLE SUPPLY 

+30V 

,-- ---------_"':_----------- -, 
: BOOST TREBLE CUT : 
• 200kn • ! (UNEAR) 0.001 "F • · · · • • • · • • • • • • • • • • 

100pF 

Figure 27 shows another tone control circuit with similar 
boost and cut speCifications. The wideband gain of this cir
cuit is equal to the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20dB boost and cut, the 
input loading of this circuit is essentially equal to the value of 
the resistance from terminal No. 3 to ground. A detailed 
analysis of this circuit is given in "An IC Operational 
TransconductanceAmplifier (OTA) With Power Capability" by 
L. Kaplan and H. Wittlinger, IEEE Transactions on Broadcast 
and Television Receivers, Vol. BTR-18, No.3, August, 1972. 

20dB Flat Position Gain 
±15dB Bass and neble Boost and Cut at 
100Hz and 10kHz, respectively 
25Vp•p output at 20kHz 
-adB at 24kHz from 1kHz reference 

FOR DUAL SUPPUES 

+15V 

FIGURE 27. TONE CONTROL CIRCUIT USING CA3130 SERIES (20dB MIDBAND GAIN) 

FOR SINGLE SUPPLY 

2.2M1l 

20pF 

51kn 5Ma 51kn 
(UNEAR) 

BOOST TREBLE CUT 
TONE CONTROL NcrwORK 

FOR DUAL SUPPUES 

±15dB Bass and Treble Boost and Cut at 
100Hz and 10kHz, respectively 
25V p-p output at 20kHz 
-adB at 70kHz from 1 kHz reference 
OdB Rat Position Gain 

FIGURE 28. BAXANDALL TONE CONTROL CIRCUIT USING CA3140 SERIES 
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Wlen Bridge Oscillator 

Another application of the CA3140 that makes excellent use 
of its high input impedance, high slew rate, and high voltage 
qualities is the Wien Bridge sine wave oscillator. A basic Wien 
Bridge oscillator is shown in Figure 29. When R, = R2 = Rand 
C, = C2 = C,the frequency equation reduces to the familiar 
f = '/2 It RC and the gain required for oscillation, Aosc Is 
equaltci 3. Note that if C2 is increased by a factor offour and 
R2 is reduced by a factor of four, the gain required for 
oscillation becomes 1.5, thus permitting a potentially higher 
operating frequency closer to the gain bandwidth product of 
theCA3140. 

R2 
NOTES: f = 

C1 

FIGURE 29. BASIC WlEN BRIDGE OSCILLATOR CIRCUIT US
ING AN OPERATIONAL AMPUFIER 

Oscillator stabilization takes on many forms. It must be 
precisely set, otherwise the amplitude will either diminish or 
reach some form of limiting with high levels of distortion. The 
element, Rs, is commonly replaced with some variable 
resistance element. Thus, through some control means, the 
value of Rs Is adjusted to maintain constant oscillator output. 
A FET channel reSistance, a thermistor, a lamp bulb, or other 
device whose resistance is made to increase as the output 
amplitude Is increased are a few of the elements often 
utilized. 

Figure 30 shows another means of stabilizing the oscillator 
with a zener diode shunting the feedback resistor (R, of 
Figure 29). As the output signal amplitude increases, the 
zener diode impedance decreases resulting in more 
feedback with consequent reduction in gain; thus stabilizing 
the amplitude of the output signal. Furthermore, this 
combination of a monolithic zener diode and bridge rectifier 
circuit tends to provide a zero temperature coefficient for this 
regulating system. Because this bridge rectifier system has 
no time constant, i.e., thermal time constant for the lamp 
bulb, and RC time. constant for filters often used in detector 
networks, there is no lower frequency limit. For example, 
with 1 tJ.F polycarbonate capacitors and 22Mn for the 
frequency determining network, the operating frequency is 
0.007Hz. 

As the frequency is increased, the output amplitude must be 
reduced to prevent the output signal from becoming slew
rate limited. An output frequency of 180kHz will reach a slew 
rate of apprOXimately 9V/IJS when its amplitude is 16V peak
to-peak. 

Rl 

OUTPUT 
...-----------.-19Vp.p TO 22Vp.:p 

THDcO.3% 

RI.R2.RL-______ tt::::::::::~ 

50Hz, R = 3.3Ma 
100Hz, R= 1.6Ma 

1kHz, R = 160Ma 
10kHz, R = 16Ma 
30kHz, R = 5.1 Mel 

FIGURE 30. WIEN BRIDGE OSCILLATOR CIRCUIT USING 
CA3140 SERIES 

Simple Sample-and-Hold System 

Figure 31 shows a very simple sample-and-hold system 
using the CA3140 as the readout amplifier for the storage 
capacitor. The CA3080A serves as both input buffer ampli
fier and low feed-through transmission switch.' System off
set nulling is accomplished with the CA3140 via its offset 
nulling terminals. A typical simulated load of 2kn and 30pF 
is shown in the schematic. 

30kn 
STROBE >--'lAIv-... 

"111914 

INPUT(9t-W.,....~ 

0, n r SAMPLE 

-15 U U HOLD 

= 

FIGURE 31. SAMPLE AND HOLD CIRCUIT 

3.5kn 

2kn 

In this circuit, the storage compensation capacitance (C,) is 
only 200pF. Larger value capacitors provide longer "hold" 
periods but with slower slew rates. The slew rate 

dv i 
-d = - = 0.5mAl200pF = 2.5V I~s 

t c 

• ICAN-6668 'Applications of the CA3080 and CA 3080A High Per
formance Operational Transconductance AmplifielS·. 

Pulse "droop" during the hold interval is 170pAl200pF which 
is = O.85~VlIJS; (i.e., 170pA1200pF). In this case, 170pA 
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represents the typical leakage current of the CA3080A when 
strobed off. If C1 were increased to 2000 pF. the "hold-<lroop" 
rate will decrease to O.085IJ.V/IJS, but the slew rate would 
decrease to O.25V/1J.S. The parallel diode network connected 
between terminal 3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input signal feedthrough across the 
input terminals of the CA3080A to the 200pF storage capacitor 
when the CA3080A is strobed off. Rgure 32 shows dynamic 
characteristic waveforms of this sample-and-hold system. 

Top 1l'ace: Output; 50mV IDiv and 200nslDiv 
Bottom 1l'ace: Input; 50mVlDiv and 200nslDIv 

LARGE SIGNAL RESPONSE AND SETTUNG TIME 

Top Trace: Output Signal; 5V1Div and 2j1s/Dlv 
Center 1l'ace: Difference of Input and Output Signals through 

Tektronix Amplifier 7 A 13; 5mVIDiv and 21J.s/Oiv 
Bottom Trace: Input Signal; 5V1Div and 2j1s/Div 

SAMPLING RESPONSE 

Top Trace: Output; 100mVlDiv and 500nsIDiv 
Bottom 1l'ace: Input; 20VIDiv and 500nsiDiv 

FIGURE 32. SAMPLE AND HOLD SYSTEM DYNAMIC CHARAC
TERISTICS WAVEFORMS 

Current Amplifier 

The low input terminal current needed to drive the CA3140 
makes it ideal for use in current amplifier applications such 
as the one shown in Figure 33.· In this circuit, low current is 
supplied at the input potential as the power supply to load 
reSistor RL. This load current is increased by the multiplica
tion factor R2IR1, when the load current is monitored by the 
power supply meter M. Thus, if the load current is 100nA, 
with values shown, the load current presented to the supply 
will be 1001J.A; a much easier current to measure in many 
systems. 

Rl 

10kn 
+ISV 

R2 

, 
1 OWl IL i 

i 
i RL 

.l. 
'1' -=-

4.3kn 
i 
; , 

-15V ; 
-"f':"<f:'<f 

FIGURE 33. BASIC CURRENT AMPUFIER FOR LOW CURRENT 
MEASUREMENT SYSTEMS 

Note that the input and output voltages are transferred at the 
same potential and only the output current is multiplied by 
the scale factor. 

The dotted components show a method of decoupling the 
circuit from the effects of high output load capacitance and 
the potential oscillation in this situation. Essentially, the 
necessary high frequency feedback is provided by the 
capacitor with the dotted series resistor providing load 
decoupling. 

Figure 34 shows a single supply, absolute value, ideal full
wave rectifier with associated waveforms. During positive 
excursions, the input Signal is fed through the feedback 
network directly to the output. Simultaneously, the positive 
excursion of the input signal also drives the output terminal 
(No.6) of the Inverting amplifier in a negative going 
excursion such that the 1 N914 diode effectively disconnects 
the amplifier from the Signal path. During a negative going 
excursion of the input signal, the CA3140 functions as a 
normal Inverting amplifier with a gain equal to -R2IR1. When 
the equality of the two equations shown in Figure 34 is 
satisfied, the full wave output Is symmetrical. 

• "'Operational Amplifiers Design and Applications", J. G. Graeme, 
McGraw-Hi" Book Company, page 308 - *Negative Immittance 
Converter Circuits". 
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V'V'... 
R1 

10110 

2 
R3 = (X+X )R1 

I-X 

R2 

5110 

5kQ R2 
FORX = 0.5 10kD = Rl 

R3 = 10kD (0.75) = 15kD 
0.5 

+15V 

= 

PEAK 
ADJUST 
10110 

2OVp-p Input BW(-3dB) = 290kHz, DCOutput (Avg) = 3.2V. 

OUTPUT 
o 

INPUT 
o 

FIGURE 34. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL 
WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 

BW (-3dB) = 140kHz 
TOTAL NOISE VOLTAGE 
(REFERRED TO INPUT). 48"V TYP. 

NOISE VOLTAGE 
OUTPUT 

+15V 

-15V 

SIMULATED 
LOAD 

> ...•........• 
: : 
: ~ 

100pF ;r: ~ 2110 

L.t ..1 
oJn:' 

BW (-3dB) .4.5MHz 
'--..... M"'-1""""-... SR. 9V1JJ11 

o.05"F 

(A) SMALL SIGNAL RESPONSE 
50mVlDiv and 200nsIDiv 

Top Trace: Output; 50mVIOiv and 200ns/Div 
Bottom Trace: Input; 50mVIOiv and 200nsIDiv 

(8) INPUT -OUTPUT DIFFERENCE SIGNAL 
SHOWING SETTLING TIME 

(measurement made with Tektronix 7A13 differential amplifier) 

Top Ttace: Output Signal; 5V/Div and 5J1S1Div 
Center Trace: Difference Signal; 5mVIOiv and 5JISIDiv 
Bottom Trace: Input Signal; 5VIOiv and 5j.IS/Div 

FIGURE 35. TEST CIRCUIT AMPLIFIER (30d8 GAIN) USED FOR FIGURE 36. SPLIT SUPPLY VOLTAGE FOLLOWER TEST CIR-
WIDEBAND NOISE MEASUREMENT CUlT AND ASSOCIATED WAVEFORMS 
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Features 

• MOSFET Input Stage Provides: 
• Very High Z. = 1.5T0 (l.S x 10'20) (Typ.) 
• Very Low II = SpA Typ. at lSV Operation 

= 2pA Typ. at SV Operation 

• Common-Mode Input Voltage Range Includes Nega
tive Supply Rail; Input Terminals Can Be SWung O.SV 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Ralls 

Applications 
• Ground Referenced Single Supply Amplifiers 

• Fast Sample Hold Amplifiers 

• Long Duration TimersiMonostables 

• High Input Impedance Wldeband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply 
D/A Converter) 

• Wlen-Brldge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 

Ordering Information 
PART 

NUMBER 

CA3160AE 

CA3160AT 

CA3160E 

CA3160T 

Pinouts 

TEMPERATURE 
RANGE 

·55"0 to + 125°C 

-5500 to +125°C 

-55°C to +125OC 

-5500 to +12SOC 

INY. 2 
INPUT 

CA3160 
(TO·SCAN) 
TOP VIEW 

4 

PACKAGE 

8 Lead Plastic DIP 

8 Pin T0-5 Can 

8 Lead Plastic DIP 

8 Pin T0-5 Can 

STROBE 

Y· AND CASE 

CA3160 
BiMOS Operational Amplifiers 

with MOSFET Input/CMOS Output 

Description 

The CA3160A and CA3160 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA3160 series 
are frequency compensated versions of the popular CA3130 
series. 

Gate protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input imped
ance, very low input current, and exceptional speed perfor
mance. The use of PMOS field effect transistors in the input 
stage results in common-mode input voltage capability down 
to O.5V below the negative supply terminal, an important 
attribute in single supply applications. 

A complementary symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10mV of 
either supply voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA3160 Series circuits operate at supply voltages rang
ing from 5V to 16V, or ±2.5V to ±BV when using split sup
plies, and have terminals for adjustment of offset voltage for 
applications requiring offset null capability. Terminal provi
sions are also made to permit strobing of the output stage. 

The CA3160A offers superior input characteristics over 
those of the CA3160. 

CA3160 
(PDIP) 

TOP VIEW 

OFFSET NULL {3 STROBE 

INI~J;- 2 _ 7 Y+ 

NOI~~~~ 3 6 OUTPUT 

V- 4 5 OFFSET NULL 

NOTE: CA3160 Series devices have an on-chlp frequency compen
sation network. Supplementary phase compensation or frequency roll
off (if desired) can be connected extemally between terminals 1 and 8 

CAUTION: These davices are sansRive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 976.1 
Copyright © Harris Corporation 1993 
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Specifications CA3160, CA3160A 

Absolute Maximum Ratings 
Supply Voltage (Between V+ and V· Terminals) ••.•••••••• +16.0V 

Operating Conditions 
Temperature Range: 

Differential Mode Input Voltage ........................... 6V Operating (AIIl\'PeS) •••.••••••.••.•.•••••• ·55°C to + 125°C 
Input Voltage .......................... (V+ +BV) to (V. -o.5V) Storage (All Types) ....................... ·650C to +15O"C 
Input Current ....................................... 1 rnA 
Output Short Circuit Duration (Note 1) ••••.••••••••••• Indefinite 
Junction Temperature (Plastic Package) .•..•••••••.••• +15O"C 
Lead Temperature (Soldering 10 Sec.) .......•......... +3oooC 

CAUTION: Stressa abow those listed In 'Absolute Mex/mum RatingS' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions abol'll those indicated in the operational sections of this specification Is not impHed. 

Electrical Specifications atTA = +25°C, V+ = 15V, V· = oil, Unless Otherwise Specified 

LIMrrs 

CA3160A CA3160 

PARAMETER SYMBOL MIN TVP MAX MIN TYP MAX UNITS 

Input Ollset Voltage, V± = ±7.5V IVIOI · 2 5 · 6 15 mV 

Input Ollset Current, V± = ±7.5V 11101 · 0.5 20 · 0.5 30 pA 

Input Current, V± = ±7.5V II · 5 30 · 5 50 pA 

Large·Slgnai Voltage Gain AoL 50 320 · 50 320 · kVN 

Vo = 10Vp_p, RL = 2kn 94 110 · 94 110 · dB 

Common-Mode Rejection Ratio CMRR 60 95 · 70 90 · dB 

Common-Mode Input·Voltage Range VieR 0 ·0.5 to 12 10 0 ·0.5 to 12 10 V 

Power·Supply Rejection Ratio,/J.V-,dAV±, PSRR · 32 150 · 32 320 IlVN 
V±=±7.5V 

Maximum Output Voltage 

At RL=2kn VOM+ 12 13.3 · 12 13.3 · V 

YOM' · 0.002 0.01 · 0.002 0.Q1 V 

At RL = 00 VOM+ 14.99 15 · 14.99 15 · V 

YOM' · 0 0.01 · 0 0.Q1 V 

Maximum Output Current 

(Source) at Vo = OV IOM+ 12 22 45 12 22 45 mA 

(Sink) at Vo = 15V 10M' 12 20 45 12 20 45 mA 

Supply Current Vo = 7.5V, RL = 00 1+ · 10 15 · 10 15 rnA 

Vo =OV, RL =00 (Note 2) · 2 3 · 2 3 rnA 

Input Offset Voltage Temperature Drift, · 6 · · 8 · IlVf'C 
AV-,dAT 
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Specifications CA3160, CA3160A 

Typical Values Intended Only for Design Guidance v+ = +7.5V, -v = -7.SV, TA = +2Soo, Unless Otherwise Specified. 

PARAMETER SYMBOL TEST CONDITIONS CA3l601CA3l60A UNITS 

Input Offset Voltage Adjustment 10kn Across Tenninals 4 and S or ±22 mV 
Range Terminals 4 and 1 

Input ResIstance At 1.S TO 

Input Capacitance C, 1= lMHz 4.3 pF 

Equivalent Input Noise Voltage eN BW=0.2MHz Rs=lMO 40 IlV 

Rs= 10MO 50 IlV 

Equivalent Input Noise Voltage lIN Rs= 1000 1kHz 72 nWHz 

10kHz 30 nV{tiZ 

Unity Gain Crossover Frequency IT 4 MHz 

Slew Rate: SR 10 VljI.S 

Transient Response, CL = 25pF, RL = 2kn, (Voltage Follower) 

Rise Time ~ 0.09 jI.S 

Overshoot OS 10 % 

Settling Time (to <0.1%, YIN = 4Vp.p) Is 1.8 lIS 

Typical Values Intended Only For Design Guidance v+ = +SV, v- = OV, TA = +2Soo, Unless Otherwise Specified. 

TEST 
PARAMETER SYMBOL CONDITIONS CA3160A CA3l60 UNITS 

Input Offset Voltage VIO 2 6 mV 

Input Offset Current 
'10 

0.1 0.1 pA 

Input Current I, 2 2 pA 

Common-Mode Rejection CMRR 90 80 dB 
Ratio 

Large Signal Voltage Gain Ao!. Vo = 4Vp•p , ~=Skn 100 100 kVN 

100 100 dB 

Common-Mode Input Voltage VICR Ot02.8 Ot02.8 V 
Range 

Supply Current 1+ Vo = SV, RL = DO 300 300 ItA 

Vo = 2.SV, RL = 00 500 500 ItA 

Power Supply Rejection Ratio PSRR l!NloIIN+ 200 200 IlVN 

NOTES: 

1. Short circuit may be applied to ground or to either supply. 

2. Icc typically Increases by 1.SmAlMHz during operation. 
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Block Diagram 

r .. ··········· .. ·····::········ .. ··~~:~·············=:·· .. -..................... ;~~:~. 7 v+ 

! OmA 

Schematic Diagram 

COMPENSAllON 
(WHEN DESIRED) 

(NOTEZ) 

8 _ STROBE 

NOTE: Total supply voltage (for Indicated 
voltage gains) = 15V 

1. With input terminals biased so thatTerml
nal6 potential Is +7.5V above terminal 4. 

2. With output terminal driven 10 either 
supply rail. 

y. 

-----.. -----..... --.. ---~ It----.. ----------------.. --------· ------------------. 
BIAS CURRENT : CURRENT SOURCE !: ·CURRENT SOURCE: 7 V+ 

ZI 
8.3V 

R1 
40kn 

R2 
6kn 

: FOR Q6 AND Q7 : : LOAD" FOR 011 : 

Q2 

Q4 

" ---, ---, -, 
" " " " " " : . 
• , , , , 

• : : • • . : 

SECOND 
STAGE 

011 

SUPPLEMENTARY 
COMP IF DESIRED 

.---------------
': OUTPUT 
:: STAGE 08 , , , , 
" " " , , , , 
" " " " , , , . 
• • 
" " • • • • 
" • • 
" " • • 

NOTE: Diodes 05 Through 07 Provide Gate OXIde Protection For MOSFET Input Stage 
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Performance Curves 
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Performance Curves (Continued) 
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Circuit Description 
Refer to the Block Diagram of the CA3160 series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to O.SV below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli
cations. Consequently, the CA3160 series circuits are ideal 
for single supply operation. Three class A amplifier stages, 
having the individual gain capability and current consump
tion shown in the Block Diagram provide the total gain of the 
CA3160. A biasing circuit provides two potentials for com
mon use in the first and second stages. Terminals a and 1 
can be used to supplement the internal phase compensation 
network if additional phase compensation or frequency roll
off is desired. Terminals a and 4 can also be used to strobe 
the output stage into a low quiescent current state. When 
Terminal a is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output potential at Ter
minal S essentially rises to the positive supply-rail potential 
at Terminal 7. This condition of essentially zero current drain 
in the output stage under the strobed "OFP' condition can 
only be achieved when the ohmic load resistance presented 
to the amplifier is very high (e.g., when the amplifier output is 
used to drive MOS digital circuits in comparator applica
tions). 

Input Stages - The circuit of the CA31S0 is shown in the 
Schematic Diagram. It consists of a differential-input stage 
using PMOS field-effect transistors (OS, 07) working into a 
mirror-pair of bipolar transistors (09, 010) functioning as 
load resistors together with resistors R3 through RS. The 
mirror-pair transistors also function as a differential-ta-sin
gle-ended converter to provide base drive to the second
stage bipolar transistor (011). Offset nulling, when desired, 
can be effected by connecting a 100,0000 potentiometer 
across Terminals 1 and S and the potentiometer slider arm to 
Terminal 4. Cascode-connected PMOS transistors 02, 04, 
are the constant-current source for the input stage. The bias
ing circuit for the constant-current source is subsequently 
described. The small diodes OS through 07 provide gate
oxide protection against high-voltage tranSients, including 
static electricity during handling for OS and 07. 

Second-Stage - Most of the voltage gain in the CA3160 is 
provided by the second amplifier stage, consisting of bipolar 
transistor 011 and its cascode-connected load resistance 
provided by PMOS transistors 03 and OS. The source of 
bias potentials for these PMOS transistors is described later. 
Miller Effect compensation (roll off) is accomplished by 
means of the 30pF capacitor and 2kO resistor connected 
between the base and collector of transistor 011. These 
internal components provide sufficient compensation for 
unity gain operation in most applications. However, addi
tional compensation, if desired, may be used between Termi
nals 1 and a. 

Bias-Source Circuit - At total supply voltages, somewhat 
above a.3v, resi.stor R2 and zener diode Z1 serve to estab
lish a voltage of a.3V across the series-connected circuit, 
consisting of resistor R1, diodes 01 through 04, and PMOS 
transistor 01. A tap at the junction of resistor R1 and diode 
D4 provides a gate-bias potential of about 4.SV for PMOS 

transistors 04 and 05 with respect to Terminal 7. A potential 
of about 2.2V is developed across diode-connected PMOS 
transistor 01 with respect to Terminal 7 to provide gate bias 
for PMOS transistors 02 and 03. It should be noted that 01 
is "mirror-connected" to both 02 and 03. Since transistors 
01, 02, 03 are designed to be identical, the approximately 
2001LA current in 01 establishes a similar current in 02 and 
03 as constant-current sources for both the first and second 
amplifier stages, respectively. 

At total supply voltages somewhat less than a.3V, zener 
diode Z1 becomes nonconductive and the potential, devel
oped across series-connected R1, 01 - 04, and 01, varies 
directly with variations in supply voltage. Consequently, the 
gate bias for 04, 05 and 02, 03 varies in accordance with 
supply-voltage variations. This variation results in deteriora
tion of the power-supply-rejection ratio (PSRR) at total sup
ply voltages below a.3V. Operation at total supply voltages 
below about 4.5V results in seriously degraded performance. 

Output Stage - The output stage consists of a drain-loaded 
inverting amplifier using COs/MOS transistors operating in 
the Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either sup
ply rail. Because the output stage is a drain-loaded amplifier, 
its gain is dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 3. Typical op-amp 
loads are readily driven by the output stage. Because large
signal excursions are non-linear, requiring feedbacR for good 
waveform reproduction, transient delays may be encoun
tered. As a voltage follower, the amplifier can achieve 0.01% 
accuracy levels, including the negative supply rail. 

Offset Nulling 

Offset-voltage nulling is usually accomplished with a 
100,0000 potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to Termi
nal 4. A fine offset-null adjustment usually can be effected 
with the slider arm positioned in the mid-point of the potenti
ometer's total range. 

Input Current Variation with Common Mode Input 
Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA31S0 Series Op-Amps is typically 5pA at 
TA = +25OC when Terminals 2 and 3 are at a common-mode 
potential of +7.5V with respect to negative supply Terminal 
4. Figure 9 contains data showing the variation of input cur
rent as a function of common-mode input voltage at TA = 
+250C. These data show that circuit deSigners can advanta
geously exploit these characteristics to design circuits which 
typically require an input current of less than 1 pA, provided 
the common-mode input voltage does not exceed 2V. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-ta-case 
insulator of the TQ.5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
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Because the gate-protection network functions as if it is con
nected to Terminal 4 potential, and the TO-S case of the 
CA3160 is also internally tied to Terminal 4, input Terminal 3 
is essentially "guarded" from spurious leakage currents. 

Input-Current Variation with Temperature 

The input current of the CA3160 Series circuits is typically 
SpA at +25°C. The major portion of this input current is due 
to leakage current through the gate-protective diodes in the 
input circuit. As with any semiconductor junction device, 
including op amps with a junction-FET input stage, the leak
age current approximately doubles for every 10"C increase 
in temperature. Figure 1 0 provides data on the typical varia
tion of input bias current as a function of temperature in the 
CA3160. 

In applications requiring the lowest practical input current 
and incremental Increases in current because of "warm-up" 
effects, it Is suggested that an appropriate heat sink be used 
with the CA3160. In addition, when ·sinking" or ·sourcing" 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat
sinking can also very markedly reduce and stabilize input 
current variations. 

Input-otfset-Voltage (VIO) Variation with DC Bias vs. 
Device Operating Ute 

It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni
tude of the change is increased at high temperatures. Users 
of the CA3160 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper
ation at high temperatures with a significant differential dc 
bias voltage applied across Terminals 2 and 3. Figure 11 
shows typical data pertinent to shifts in offset voltage 
encountered with CA3160 devices In TO-S packages during 
life testing. At lower temperatures (TO-S and plastic) for 
example at +8SoC, this change in voltage is considerably 
less. In typical linear applications where the differential volt
age is small and symmetrical, these incremental changes 
are of about the same magnitude as those encountered in 
an operational amplifier employing a bipolar transistor input 
stage. The 2V dc differential voltage example represents 
conditions when the amplifier output state is "toggled", e.g., 
as in comparator applications. 

Power Supply Considerations 

Because the CA3160 is very useful in single supply applica
tions, it is pertinent to review some considerations relating to 
power supply current consumption under both single and 
dual supply service. Figures 12(A) and 12(6) show the 
CA3160 connected for both dual and single supply opera
tion. 

Dual-supply operation: When the output- voltage at Terminal 
6 is Ov. the currents supplied by the two power supplies are 
equal. When the gate terminals of as and 012 are driven 
Increasingly positive with respect to ground, current flow 
through 012 (from the negative supply) to the load is 
increased and current flow through 08 (from the positive 
supply) decreases correspondingly. When the gate terminals 

of 08 and 012 are driven increasingly negative with respect 
to ground, current flow through 08 is increased and current 
flow through 012 is decreased accordingly. 

Single supply operation: Initially, let it be assumed that the 
value of RL is very high (or disconnected), and that the input
terminal bias (Terminals 2 and 3) is such that the output ter
minal (No. 6) voltage is at V+I2, i.e., the voltage-drops 
across 08 and 012 are of equal magnitude. Figure 4 shows 
typical quiescent supply-current vs. supply voltage for the 
CA3160 operated under these conditions. 

_L 1 
T POSIllVE -=-.i. SUPPLY 

T NEGATIVE 
..!.. SUPPLY 

~ 
(A) DUAL POWER SUPPLY OPERATION 

-.J.I'"-----l""'l 
_·.i POSIllVE -=-

SUPPLY 

(8) SINGLE POWER SUPPLY OPERATION 

FIGURE 12. CA3160 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERATION 

Since the output stage is operating as a Class A amplifier, 
the supply current will remain constant under dynamic oper
ating conditions as long as the transistors are operated in 
the linear portion of their voltage-transfer characteristics 
(see Figure 3). If either 08 or 012 are swung out of their lin
ear regions toward cutoff (a non-linear region), there will be 
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a corresponding reduction in supply-current. In the extreme 
case. e.g .• with Terminal 8 swung down to ground potential 
(or tied to ground). NMOS transistor Q12 is completely cut 
off and the supply current to series connected transistors 
Q8. Q12 goes essentially to zero. The two preceding stages 
in the CA3160. however. continue to draw modest supply
current (see the lower curve in Figure 4) even though the 
output stage is strobed off. Figure 12(A) shows a dual-supply 
arrangement for the output stage that can also be strobed 
off. assuming RL = co. by pulling the potential of Terminal 8 
down to that of Terminal 4. 

Let It nOW-be assumed that a load-resistance of nominal 
value (e.g .• 2kO) is connected between Terminal 6 and 
ground in the circuit of Figure 12(8). Let it further be 
assumed again that the input-terminal bias (Terminals 2 and 
3) is such that the output terminal (No.6) voltage is at V+I2. 
Since PMOS transistor Q8 must now supply quiescent cur
rent to both RL and transistor Q12. it should be apparent that 
under these conditions the supply-current must increase as 
an inverse function of the RL magnitude. Figure 6 shows the 
voltage-drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 3 shows the 
voltage transfer characteristics of the output stage for sev
eral values of load resistance. 

Wldeband Noise 

From the standpoint of low-noise performance consider
ations. the use of the CA3160 Is most advantageous in appli
cations where in the source resistance of the input signal is 
on the order of 1 MO or more. In this case. the total input
referred noise voltage is typically only 4Oj.1V when the test 
circuit amplifier of Figure 13 is operated at a total supply volt
age of 15V. This value of total input-referred noise remains 
essentially constant. even though the value of source resis
tance is raised by an order of magnitude. This characteristic 
is due to the fact that reactance of the input capacitance 
becomes a significant factor in shunting the source resis
tance. It should be noted. however. that for values of source 
resistance very much greater than 1 M(l. the total noise volt
age generated can be dominated by the thermal noise con
tributions of both the feedback and source resistors. 

RS 

1MO 

-7J!,v 

BW (3dB). 200kHz 
TOTAL NOISE VOLTAGE 
(REFERRED INPUl) • 4O"V TYP 

}---9----O ~L~~E 
OUTPUT 

3O.1Kn 

FIGURE 13. TEST CIRCUIT AMPLIFIER (3OdB GAIN) USED FOR 
WlDEBAND NOISE MEASUREMENTS 

u 

· · · · · · · · · · · · · -• 

2110 

.... 2SpF T SIMULATED 
....L.LOAD 

BW (oo3dB). 4MHz 
SR .10V/Jla O.1"F 

(A) 

-=- CAPACITANCE 

(B) SMALL SIGNAL RESPONSE 
Top Trace: OUtput 

Bottom Trace: Input 

(C) INPUT -ouTPUT DIFFERENCE SIGNAL SHOWING SETTLING 
TIME 

Top Trace: Output Signal 
Center Trace: Difference Signal 5mVlDiv. 
Bottom Trace: Input Signal 

FIGURE 14. SPUT·SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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Typical Applications 
Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CA3160, are particularly suited to service as voltage fol
lowers. Figure 14 shows the circuit of a classical voltage fol
lower, together with pertinent waveforms using the CA3160 
in a split-supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Figure 15 together with related waveforms. This follower cir
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform In Rgure 15B with 
input-signal ramping. The waveforms in Figure 15C show 
that the follower does not lose its input-ta-output phase
sense, even though the input is being swung 7.5V below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator appli
cations. Figure 15C also shows the manner in which the 
COSIMOS output stage permits the output signal to swing 
down to the negative supply-rail potential (i.e., ground in the 
case shown). The digital-ta-analog converter (DAC) circuit, 
described in the following section, illustrates the practical 
use of the CA3160 in a Single supply voltage follower appli
cation. 

9 Bit CMOS DAC 

A typical circuit of a 9-bit Dlgital-ta-Analog Converter (DAC)* 
is shown In Rgure 16. This system combines the concepts of 
multiple-switch CMOS IC's, a low-cost ladder network of dis
crete metal-oxlde-film resistors, a CA3160 op amp con
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS Input logic, e.g., 10V logic levels are used in the 
circuit of Figure 16. 

• "Digltal-to-Analog Conversion Using the Harris CD4007A COst 
MOS IC·, Application Note AN6080. 

The circuit uses an Rl2R voltage-ladder network, with the 
output-potential obtained directly by terminating the ladder 
arms at either the positive or the negative power supply ter
minal. Each CP4OO7A contains three "inverters", each 
"inverter" functioning as a single-pole double-throw switch to 
terminate an arm of the Rl2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal-oxide film resis
tors. The five arms requiring the highest accuracy are 
assembled with series and parallel combinations of 
806,OOOn resistors from the same manufacturing lot. 

A single 15V supply provides a positive bus for the CA3160 
follower amplifier and feeds the CA3085 voltage regulator. A 
"scale-adjust" function is provided by the regulator output 
control, set to a nominal 10V level in this system. The line
voltage regulation (approximately 0.2%) permits a 9-bit 
accuracy to be maintained with variations of several volts In 
the supply. The flexibility afforded by the COSIMOS building 
blocks simplifies the design of DAC systems tailored to par
ticular needs. 

10kn 

(A) 

o 

(B) OUTPUT SIGNAL WITH INPUT -SIGNAL RAMPING • 

o 

o 

(C) OUTPUT WAVEFORM WITH GROUND REFERENCE SINE 
WAVE INPUT 

Top Trace: Output 
Bottom Trace: Input 

FIGURE 15. SINGLE SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS.. (e.g .. FOR USE IN 
SINGLE SUPPLY DlA CONVERTER; SEE FIGURE 9 
INAN6080) 
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10V LOGIC INPUTS 
+10.010 ,.. -------------...".,.--------------. 

o---------~----------t_---------~ 
LSB 

+15V 

+ 

a06K 
1% 

a06K 750K 
1% 1% 

REGULATED 
VOLTAGE 
ADJUST 

BIT 

1 

2 

3 

4 

5 

6-9 

REQUIRED 
RATIO-MATCH 

Standard 

±O.l% 

.±O.2% 

±O.4% 

±O.8% 

±1%ABS. 

.. 
PARALLELED 
RESISTORS 

FIGURE 16. 9 BIT DAC USING CMOS DIGITAL SWITCHES AND CA3160 
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Error-Amplifier In Regulated Power Supplies 

The CA3160 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error
amplifier when the regulated output voltage is required to 
approach zero. 

The circuit shown in Figure 17 uses a.CA3160 as an error 
amplifier in a continuously adjustable 1 A power supply. One 
of the key features of this circuit is its ability to regulate down 
to the vicinity of OV with only one de power supply input. 

An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents 'urn-on over
shoot", a condition typical of many operational amplifier reg
ulator circuits. As the amplifier becomes operational, this RC 
network ceases to have any influence on the regulator per
formance. 

Precision Voltage-Controlled Oscillator 

The circuit diagram of a precision voltage-controlled oscilla
tor is shown In Figure 18. The oscillator operates with a 
tracking error in the order of 0.02% and a temperature coeffi
cient of 0.01%f'C. A multivibrator (A1) generates pulses of 

constant amplitude (V) and width (T2). Since the output (Ter
minal6) of A1 (a CA3130) can swing within about 10mV of 
either supply-rail, the output pulse amplitude (V) is essen
tially equal to V+. The awrage output voltage (EAVG = V T21T1) 
is applied to the non-inverting Input terminal of comparator A2 
via an integrating network R3, C2. Comparator A2 operates 
to establish circuit conditions such that EAVG = V1. This cir
cuit condition is accomplished by feeding an output signal 
from terminal 6 of A2 through R4, 04 to the inverting termi
nal (Terminal 2) of A 1, thereby adjusting the multivibrator 
interval, T3. 

Voltmeter With High Input Resistance 

The voltmeter circuit shown in Figure 19 illustrates an appli
cation in which a number of the CA3160 characteristics are 
exploited. Range-switch SW1 is ganged between Input and 
output circuitry to permit selection of the proper output volt
age for feedback to Terminal 2 via 10k.a current-limiting 
resistor. The circuit is powered by a single 8.4V mercury bat
tery. With zero input signal, the circuit consumes somewhat 
less than 5001lA plus the meter current required to indicate a 
given voltage. Thus, at full scale input, the total supply cur
rent rises to slightly more than 1500J.1A, 

2N6385 
POWER DARUNOTON 

SHORT-CIRCUIT CURRENT 
UMIT ADJUSTMENT 

INPUT40V 
+ 

2.411n 
1W 

O.2I1F 
TURN 

ON 
DELAY 

10011n 

2.211n 

+ 511F 

~~~ ~~~1!!.6~ ~~~~~~I~~~ ~~~. 
:10 11 2 1 : · . • • · . • • · . · . : 14 : · . • • · . : 8 13: 
~-- -_ ......... _- ... _-_ .. - --- ---~ 

111n 

6211n 

, .................. -......... -... _----...... __ ...... '" 
• • • 

SOlin 10011n 

56pF 4311n 

1 Olin 

8.2 
lin 

OUTPUT 
OV - 36V 
AT1A 

+ 
1001'f 

Hum and Noise OUtput < 250I1VRMS: 
Regulation (No Load to Full Load) <0.005%; 
Input Regulation < 0.01 %IV 

FIGURE 17. VOLTAGE REGULATOR CIRCUIT (0.1V TO 35V AT 1A) 
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FIGURE 18. VOLTAGE CONTROLLED OSCILLATOR 
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FIGURE 19. HIGH INPUT RESISTANCE DC VOLTMETER 
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Function Generator 

A function generator having a wide tuning range is shown in 
Figure 20. The adjustment range, in excess of 1,000,00011, 
is accomplished by a single potentiometer. Three opera
tional amplifiers are utilized: a CA3160 as a voltage follower, 
a CAS080 as a high speed comparator, and a second 
CA3080A as a programmable current source. Three variable 

capacitors C1, C2, and C3 shape the triangular signal 
between 500kHz and 1 MHz. Capacitors C4, C5, and the 
trimmer potentiometer in series with C5 maintain essentially 
constant (+10%) amplitude up to 1MHz. 

BUFFER 
YOLTAGE FOLLOWER 

CENTERING 
100kQ 

THRESHOLD 
DETECTOR 

-7.SY ~+7.SY 

ZMn 

~ETRV +-.JtN~<EXTERNAL 
7.SY 1001cQ +7.SY SWEEPING INPUT 

MIN. FREQ.SET MAXFREQ 
SET 

7.SY -~r-"""""""-"""""""-~~- -7.SY 
101cQ 6.21cQ ~~~ 5000 

ADJUST 

(B) TWO-TONE OUTPUT SIGNAL FROM THE FUNCTION GEN
ERATOR. A SQUARE WAVE SIGNAL MODULATES THE EX
TERNAL SWEEPING INPUT TO PRODUCE 1 Hz AND 1 MHz, 
SHOWING THE 1,000,00011 FREQUENCY RANGE OF THE 
FUNCTION GENERATOR 

(A) 

21cQ 

430pF 

HIGHFREQ 
LEVEL 

- ADJUST 

+7.SY 

301cQ 

Z-1N914 

(C) TRIPLE-TRACE OF THE FUNCTION GENERATOR SWEEP
ING TO 1 MHz. THE BOTTOM TRACE IS THE SWEEPING SIG
NAL AND THE TOP TRACE IS THE ACTUAL GENERATOR 
OUTPUT. THE CENTER TRACE DISPl.AYS THE 1MHz SIG
NAL VIA DELAYED OSCILLOSCOPE TRIGGERING OF THE 
UPPER SWEPT OUTPUT SIGNAL 

FIGURE 20. 1,000,00011 SINGLE CONTROL FUNCTION GENERATOR: 1 MHz to 1Hz 
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&.1kn 

+1SV 470pF 

1NII14 

STAIRCASE 
OUTPUT 

CHARGE 
COMMUTATING 

NETWORK 

MULTIVIBRATOR RETRACE INHIBIT +1SmV TO +10V 

STAIRCASE 
OUTPUT 

2VSTEPS 

COMPARATOR 

OSCILLATOR 

(B) STAIRCASE GENERATOR WAVEFORM 
Top Trace: Staircase Output 2V Steps 

Center Trace: Comparator 
Bottom Trace: OsciUator 

FIGURE 21. STAIRCASE GENERATOR CIRCUIT 

Staircase Generator 

Figure 21 shows a staircase generator circuit utilizing three 
CMOS operational amplifiers. Two CA3130's are used; one 
as a multivibrator, the other as a hysteresis switch. The third 
amplifier, a CA3160, is used as a linear staircase generator. 

(A) 

Plcoammeter Circuit 

Figure 22 is a current-to-voltage converter configuration uti
lizing a CA3160 and CA3140to provide a picoampere meter 
for 13pA full scale meter deflection. By placing Terminals 2 
and 4 of the CA3160 at ground potential, the CA3160 input 
is operated in the "guarded mode". Under this operating con
dition, even slight leakage resistance present between Ter
minals 3 and 2 or between Terminals 3 and 4 would result in 
zero voltage across this leakage resistance, thus substan
tially reducing the leakage current. 

If the CA3160 is operated with the same voltage on input 
Terminals 3 and 2 as on Terminal 4, a further reduction In the 
input current to the less than one picoampere level can be 
achieved as shown in Figure 9. 

To further enhance the stability of this circuit, the CA3160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the sup· 
ply current to the device. 

The CA3140 stage serves as a X100 gain stage to provide 
the required plus and minus output swing for the meter and 
feedback network. A 1OO-t0-1 voltage divider network con
sisting of a 9.9kO resistor In series with a 1000 resistor sets 
the IIOltage at the 10GO resistor (in series with Terminal 3) to 
±30mV full-scale deflection. This 30mV signal results from 
±3V appearing at the top of the voltage divider network 
which also drives the meter circuitry. 

By utilizing a switching technique in the meter circuit and in 
the 9.9kO and 1000 network similar to that used in voltmeter 
circuit shown in Figure 19, a current range of 3pA to 1nA full 
scale can be handled with the single 1000 resistor. 
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FIGURE 22. CURRENT·TO-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH ±3pA FULL SCALE DEFLECTION 
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INPUT 
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SAMPUNG 
PULSES 

+15V .... _100w,kn.,....._., 
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(8) SAMPLE AND HOLD WAVEFORM 

Top Trace: Sampled Output 
Center Trace: Input Signal 
Bottom Trace: Sampling Pulses 
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av· 
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av· 

SAMPUNG 
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(C) SAMPLE AND HOLD WAVEFORM 

Top Trace: Sampled Output 
Center Trace: Input 
Bottom Trace: Sampling Pulses 

FIGURE 23. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM,INPUT OV TO 10V 
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Single Supply Sample-and-Hold System 

Figure 23 shows a single supply sample-and-hold system 
using a CA3160 to provide a high input Impedance and an 
input-voltage range of OV to 10V. The output from the input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output integrator and storage capacitor. The 
CA3140 was chosen because of its low output impedance 
and constant gain-bandwidth product. Pulse "droop" during 
the hold interval can be reduced to zero by adjusting the 
100kn bias-voltage potentiometer on the positive input of 
the CA3140. This zero adjustment sets the CA3080A output 
voltage at its zero current position. In this sample-and-hold 
circuit it is essential that the amplifier bias current be 
reduced to zero to minimize output signal current during the 
hold mode. Even with 320mV at the amplifier bias circuit ter
minal (5) at least 1100pA of output current will be available. 

Wlen Bridge Oscillator 

A simple, single supply Wien Bridge oscillator using a 
CA3160 is shown in Figure 24. A pair of parallel-connected 
1 N914 diodes comprise the gain-setting network which stan
dardizes the output voltage at approximately 1.1 V. The 5000 
potentiometer is adjusted so that the oscillator will always 
start and the oscillation will be maintained. Increasing the 
amplitude of the voltage may lower the threshold level for 
starting and for sustaining the oscillation, but will introduce 
more distortion. 

A .. 2OdB 
LARGE SIGNAL 
BW (-3dS) • 180kHz 

,,,,, 
+ 

·SEE FILE NUMBER FN618 

1 lin 

20kQ 

R1 
10011n 

R2 
10011n 

f. 1 
211: ~(R1 II R2) C1 R3 C2 

FIGURE 24. SINGLE SUPPLY WEIN BRIDGE OSCIllATOR 

Operation with Output Stage Power Booster 

The current sourcing and sinking capability of the CA3160 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 25, three CMOS transistor
pairs in a single CA3600 IC array are shown parallel-con
nected with the output stage in the CA3160. In the Class A 
mode of CA3600E shown, a typical device consumes 20mA 
of supply current at 15V operation. This arrangement boosts 
the current-handling capability of the CA3160 output stage 
by about 2.5X. 

The amplifier circuit in Figure 25 employs feedback to estab
lish a closed-loop gain of 2OdB. The typical large-signal
bandwidth (-3dB) is 190kHz. 

500"F 

lW:mw 
AT 10% 
THD 

FIGURE 25. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3160 
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Features 

• LowVIO 
- CA3193A •••••••••••••••••••••••••• 200J.1V (Max) 
- CA3193 ••••••••••••••••••••••••••• 500J.1V (Max) 

• Low t.Vlrlt.T 
- CA3193A ••••••••••••••••••••••••• 3j.1VJOC (Max) 
- CA3193 •••••••••••••••••••••••••• 5j.1VJOC (Max) 

• Low 110 and ~ 

• Low t.llrlt.T: CA3193 ••••••••••••••• 150pAJOC (Max) 

• Low t.11t.T: CA3193 •••••••••••••••• 3.7nAJOC (Max) 

Applications 

• Thermocouple Preamplifiers 

• Strain Gauge Bridge Amplifiers 

• Summing Amplifiers 

• Differential Amplifiers 

• Bilateral Current Sources 

• Log AmplHlers 

• Differential Voltmeters 

• Precision Voltage References 

• Active Filters 

• Buffers 

• Integrators 

• Sample-and-Hold Circuits 

• Low Frequency Filters 

Pinouts 
CA3193 

(TO-SCAN) 
TOP VIEW 

Ne 

~ 

NOTE: Pin 4 is connected to case on S and T suffix. 

Description 

CA3193 
BiCMOS Precision 

Operational Amplifiers 

The CA3193A and CA3193 are ultra·stable. precision 
instrumentation. operational amplifiers that employ both 
PMOS and bipolar transistors on a single monolithic chip. 
The CA3193A and CA3193 amplifiers are internally phase 
compensated and provide a gain bandwidth product of 
1.2MHz. They are pin compatible with the industry 741 
series and many other IC op amps. and may be used as 
replacements for 741 series types in most applications. 

The CA3193A and CA3193 can also be used as functional 
replacements for op amp types 725. 10SA. OP-5. OP-7. 
LM11 and LM714 in many applications where nulling is not 
employed. Because of their low offset voltage and low offset 
voltage vs temperature coeffICient the CA3193A and 
CA3193 amplifiers have a wider range of applications than 
most op amps and are particularly well suited for use as 
thermocouple amplifiers. high gain filters. buffer. strain 
gauge bridge amplifiers and precision voltage references. 

The two types in the CA3193 series are functionaJly 
identical. The CA3193A and CA3193 operate from supply 
voltages of ±3.5V to ±18V. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3193AE ·2S"C to +8SoC 8 Lead Plastic DIP 

CA3193AT -2S"C to +8SoC 8 Pin TO-S Can 

CA3193E O"C to +7O"C 8 Lead Plastic DIP 

CA3193T O"C to +7O"C 8 Pin TO-S Can 

CA3193 
(PDIP) 

TOP VIEW 

OFFSET NULL 1 

INV.INPUT 2 

NON-INV. INPUT 3 

5 OFFSET NULL 

CAUTION: These davlces are sensHive to electrostatic dlscherge.. Users should follow proper I.e. Handling Procedures. File Number 1249.1 
Copyright @ Harris Corporation 1993 
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Specifications CA3193, CA3193A 

Absolute Maximum Ratings 
DC Supply Voltage •..•.••.•..•.•.•••.••.••.••..••.•..••• ±18V 
DIfferential Input Voltage •••••••••••••••••••••••••••••••• 5V 
DC Input Voltage .••.•.•..•••••.••.••.••••..•••• (V+ -4), v-
Input Current .•.•..•.•.••.•.•••.•..••.•••••.•.••••••• 1 rnA 
Power DIssipation 

Without Heat Sink 
Up to +55°C ..•.••.••...••••.•...•..•••...•... 630mW 
Above +55OC. . • • • • • . • . . • • . • .• Derate Unearly 6.67mWf'C 

Junction Temperature. . . . . . . . . . . . • . . . . . . • . • • . . • • • • • + 175°C 
Junction Temperature (Plastic Package) ••.••••.•...••• + 15O"C 
Output Short Circuit Duration (Note 1) •••••••.•••••.•• Indefinite 
Lead Temperature (Soldering 10 Sec.) ................ +300 0C 

Operating Conditions 
Operating Temperature Range 

CA3193A ••••••••.••.••.••••......••.. -25"C S TA S +85°C 
CA3193 •••.•••••.••.••.•••.•...•..•... OOC S TA S + 700c 

Storage Temperature Range •.•••••.•.••.•. -65OC S TA S +15O"C 

CAUTION: Stresses abo ... those lisled In "Absolu/8 Maximum Ratings" may caus .. pfll'lTlllMnl damag .. to ths davlce. Th/41s a stress only rating and cpara/km 
of ths dsvice al thssa or any o/he, conditions aboWI thtJSII indicatsd in ths cparaliDnsJ sectitJns of this spacificaliDn is nol impHed. 

Electrical Specifications TA = 25OC, v+ = 15V and V- = -15V, Unless Otherwise Specified. 

LIMITS 

CA3193A CA3193 

PARAMETERS SYMBOL MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage I VIO I V'/:) - 140 200 - 300 500 ).IV 

V'/:) at Max.Temp. - - 380 - - 725 ).IV 

Input Offset Voltage Temperature Coefficient boVr;lboT - 1 3 - 1 5 ).IVf'C 
(Over Specified Temperature Range lor Each 
Device) 

Input Offset Current 110 - 3 5 - 5 10 nA 

Ii'/:) I at Max. Temp. - - 11 - - 17 nA 

Input Offset Current Temp. Coefficient bolio/boT - 0.03 0.10 - 0.04 0.15 nAf'C 
(Over Specified Temperature Range lor Each 
Device) 

Input Bias Current II - 10 20 - 20 40 nA 

liB I at Max. Temp. - - 83 - - 207 nA 

Input Bias Current Temp. Coefficient AI~AT - 0.10 1.18 - 0.15 3.70 nAf'C 

Input Noise Voltage (0.1 to 10Hz) eNP.p · 0.36 · - 0.36 · ).IVp.p 

Input Noise Voltage Density eN 

1=-10Hz · 25 · · 25 · nVNHZ 

f= 100Hz · 25 · · 25 - nVNHZ 

1= 1000Hz · 24 - · 24 - nVl-!Hz 

1= 10kHz · 24 - - 24 · nVNHZ 

1= 100kHz · 22 · · 22 · nVNHZ 

Input Noise Current (0.1 to 10 Hz) IN p.p · 12 20 - 12 20 pAp.p 

Input Noise Current Density IN 

1= 10Hz · 0.83 · · 0.83 - pAr/HZ 

1= 100Hz · 0.80 · · 0.80 · pAr/HZ 

1= 1000Hz · 0.75 · · 0.75 · pAN'RZ 

1= 10kHz · 0.72 · - 0.72 - pAr/HZ 

1= 100kHz · 0.60 - - 0.60 · pAr/HZ 

Common·Mode Input Voltage Range VICR -12 -13.5 10 -12 -13.5 10 V 
to 11.5 to".5 
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Specifications CA3193, CA3193A 

Electrical Specifications TA • 25"C, v+ = 15V and V·. ·15V, Unless Otherwise SpecHled. (Continued) 

UMITS 

CA3193A CA3193 

PARAMETERS SYMBOL MIN TYP MAX MIN TYP MAX UNITS 

Common-Mode Rejection Rallo Vcu - 110 115 · 100 110 · dB 
VICR · 1.78 3.16 · 3.16 10 jJ.VN 

Power Supply Rejection Rallo AV,;:/I:N± PSRR 100 130 · 100 130 · dB 

· 0.316 10 · 0.316 10 jJ.VN 

Maximum OUtput Voltage SwIng (Ra. ~ 2Kn) VOM ±13.0 ±13.5 · ±13.0 ±13.5 · V 

large.Slgnai Voltage Galn (VO = ±10) 

Ra.~2Kn Act. 110 115 · 100 110 · dB 

Ra.~ 10Kn · 125 · · 115 · dB 

Short-Circuit Output Current to the Opposite IOY+' ·25 ±7 25 ·25 ±7 25 rnA 
RaJI 10M" 

Slew Rete, (Ra. ~ 2Kn; Unity Galn Voltage Fo ... SR · 0.25 · · 0.25 · VI}Js 
lower) 

Galn-Bandwldth Product, AoL = OdB, Ra. = 2kn, IT · 1.20 · · 1.20 · MHz 
CL = 100pF, VIN = 20, 1=1 kHz 

Srnall-8lgnal Transient Response iR · 0.29 · · 0.29 · lIS 
(VIN = 20mVp.p, f = 1 kHz) 

Supply Current, Ra. = -, V+ = 15, V- = ·15 1+ · 2.3 3.5 · 2.3 3.5 rnA 

Temperature Range ·25 . 65 0 . 70 "C 

NOTE: 
1. Short circuit may be applied to ground or to either supply. 

Functional Block Diagram 

UmA 
BIAS NETWORK 7 v+ 

311A 9SOpA 7011A 66011A .. 80011A 

@- "'- ~ 20pF 7.5K ~ 
A"'23>_ A-75 fI' ~UT INPUT0- 25K A.7 fI' 

l{ " I V V 
8pF 

GX;J 
OFFSET 4 NULL 

Yo 

FIGURE 1. BLOCK DIAGRAM OF CA3193A AND CA3193 
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Schematic Diagrams 

FIGURE 2. CA3193 SIMPLIFIED SCHEMATIC DIAGRAM 

FIGURE 3. SCHEMAnC DIAGRAM OF CA3193A AND CA3193 
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Circuit Description 
The block diagram of the CA3193 amplifier, Figure 1 shows 
the voltage gain and supply current for each of its four ampli
fier stages. Simplified and complete schematic diagrams of 
the CA3193 amplifier are shown in Figures 2 and 3, respec
tively. 

A quad of physically cross-connected n-p-n transistors com
prise the input-stage differential pair (01, 02 in Figures 2 
and 3); this arrangement contributes to the low Input offset
voltage characteristics of the amplifier. The ultra-high gain 
provided in the first stage ensures that subsequent stages 
cannot significantly Influence the overall offset-voltage char
acteristics of the amplifier. High load impedances for the 
Input-stage differential pair (01, 02) are provided by the cas
code-connected p-n-p transistors 03, 05 and 04, 06, 
thereby contributing to the high gain developed in the stage. 

The second stage of the amplifier consists of a differential 
amplifier employing PMOs/FETs (07, OS in Figures 2 and 
3) with appropriate drain loading. Since 07 and OS are Mos/ 
FETs, their loading on the first stage is quite low, thereby 
making an additional contribution to the high gain developed 

Typical Performance Curves 
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FIGURE 4. TYPICAL INPUT OFFSET-VOLTAGE TEMPERA
TURE CHARACTERISTIC 

in the first stage. The second stage is also configured to con
vert its differential signal to a single-ended output signal by 
means of current mirror 09, 030 (Figures 2 and 3) to drive 
subsequent gain stage. 

The third stage of the amplifier consists of Darllngton-con
nected n-p-n transistors (017, 019 in Figures 2 and 3), driv
ing the quasi-complementary Class AB output stage (014 
and 015, 016 in Figures 2 and 3). Output-stage short-circuit 
protection is activated by voltage drops developed across 
the 60n resistors adjacent to the output terminal (R9 and 
R10, Figure 3). When the voltage drop developed across 
either of these resistors reaches a potential equal to 1 VBE, 
the respective protective transistor (012 or 013) is activated 
and shunts the base drive from the bases of the output stage 
transistors (014 and 015, 016). 

Internal frequency compensation for the CA3193 amplifier Is 
provided by two internal networks, a 6pF capaCitor con
nected between the input-stage transistor collectors and the 
node between the third and output stages and a second net
work, conSisting of a 20pF capacitor in series with a 7.5kQ 
resistor connected between the input and output nodes of 
the third stage. 
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CA3193, CA3193A 

Typical Performance Curves (Continued) 
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CA3193, CA3193A 

Typical Performance Curves (Continued) 
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Offset Voltage Nulling 

The input offset voltage can be nulled to zero by any of the 
three methods shown in the table below. A 10K potentiome· 
ter between terminals 1 and 5, with its wiper returned to V" 
will provide a gross nulling for all types. For finer nUlling, 

either of the other two circuits shown below may be used, 
thus providing simpler improved resolution for all types. 

CAUTION: The CA3193 amplifiers will be damaged If they are 
plugged Into op-amp circuits employing nulling with respect to the 
V+ supply bus. ' 
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CA3193, CA3193A 

Offset Voltage Nulling 

Yo 

~y. w ~ R R 
OFFSET NULUNG 

CIRCUITS R 10K lK 

TYPE RESISTOR R VALUE RESISTOR R VALUE RESISTOR R VALUE 

CA3193A 10K 50K 10K 

CA3193 10K 20K 5K 

Gross Offset Adjusbnent Finer Offset Adjustments 

Test Circuits 
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Test Circuits (Continued) 
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CA3193, CA3193A 
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CA3193, CA3193A 

Application Circuits 

-1SV 

R2 R4 R4 
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FIGURE 20. TYPICAL TWO-OP AMP BRIDGE-TYPE DIFFEREN
TIAL AMPLIFIER 
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2 1 R1 
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IF A., IS TO BE MADE I AND IF R100 R3 .. R4. R 
WITH R2 .. O.IIIII1R (0.1% MISMATCH IN R2) 

THEN VOCM _ 0.0005 VIN OR CMRR • 66dB 

THUS, THE CMRR OF THIS CIRCUIT IS UMITED BY 
THE MATCHING OR MISMATCHING OF THIS NETWORK 
RATHER THAN THE AMPUFIER. 

FIGURE 21. DIFFERENTIAL AMPLIFIER (SIMPLE SUBTRACT
ER) USING CA3193 
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CA3193, CA3193A 

Application Circuits (Continued) 

22M 22M 22M 
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V+ 
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FIGURE 24. THE CA3193 USED IN A THERMOCOUPLE CIRCUIT 

The CA3193 is an excellent choice for use with thermocou
ples. In Figure 24, the CA3193 amplifies the generated sig-

nal 500 times. The three 22-megohm resistors will provide 
full-scale output if the thermocouple opens. 
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March 1993 

Features 

• Dual Version of CA3140 

• Internally Compensated 

• MOSFET Input Stage 

- Very High Input Impedance (ZIN) 1.5Tn lYP 

- Very Low Input Current (II) 10pA Typ. at ±15V 

CA3240 
Dual BiMOS Operational Amplifier 
with MOSFET InpulBipolar Output 

Description 

- Wide Common-Mode Input Voltage Range (VICR): Can be 

The CA3240A and CA3240 are dual versions of the 
popular CA3140 series integrated circu. operational 
amplifiers. They combine the advantages of MOB and 
bpolar transistors on the same monolithic chip. The 
gate·protected MOSFET (PMOS) input transistors pr0-
vide high input impedance and a wide common-mode 
input IIOItage I8I1ge (typically to O.5V below the nega
tive supply ralO. The bipolar output tl8l1sistors allow a 
wide output voltage swing and provide a high output 
current capability. 

Swung O.5V Below Negative Supply Voltege Rail 

• Directly Replaces Industry lYP8 741 In Most Applications 

Applications 

• Ground Referenced Single Amplifiers In Automobile and P0rta
ble Instrumentation 

The CA3240A and CA3240 are compatible with the 
industry standard 1458 operational amplifiers in similar 
packages. The offset null feature is available only when 
these types are supplied in the 14 lead dual-in·1ine 
plastic package (E1 suffIX). 

• Sample and Hold Amplifiers 

• Long Duration nmerslMultlvlbrators (Mlcrosecond&-Mlnutes
Hours) 

• Photocurrent Instrumentation 

• Intrusion Alarm System • Active Rlters 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3240AE -4O"C to +85°C 8 Lead Plastic DIP 

• Comparstors • Function Generators CA3240AE1 -40"C to +85°C 14 Lead Plastic DIP 

• Instrumentation Amplifiers • Power Supplies 
CA3240E -40"C to +85°C 8 Lead Plastic DIP 

Pinouts 
CA3240, CA3240A 

(PDIP) 
TOP VIEW 

O\lTPUT(A) 0 v+ 
INV. 

INPUT (A) 2 7 OUTPUT 

NON-INY. 3 6 :=~UT (B) 
INPUT (A) 

4 5 NON-INV. 
¥o INPUT (B) 

CA3240,CA3240A 
(PDIP) 

TOP VIEW 

INV. OFFSET 
INPUT (A) 1 4 NULL (A) 
NON-INY. 

INPUT (A) 
OFFSET 3 2 OUTPUT (A) 

NULL (A) 
¥o 4 

OFFSET 
NULL (B) 5 0 OUTPUT (8) 

NON·INV. 
INPUT (B) 6 

INY. OFFSET 
INPUT (B) 7 8 NULL (B) 

• Pine 9 and 13 intemally connected through approximately 30 

CA3240El -40"C to +85°C 14 Lead Plastic DIP 

Block Diagram 

,,-----------_._--------------------------------, 
: 2mA 4mA: 
: , v+ 
• • • • • • • • • • • • • • · , • • : : : ~: 

+ ! ! • 
: OUTPUT 

12pF 
~~ .... ~~ .................... +-.... ~¥o 

• • 
--. -------------------------------------... ! 

OFFSET 
NULL. ·Onlyavallablewilh 14 lead DIP (El Suffix) 

CAUTION: These davices are sansi1illlll0 electrostatic discharge. Users should follow proper 1.0. Handling Procedures. File Number 1050.2 
Copyright @Harris Corporation 1993 
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Specifications CA3240, CA3240A 

Absolute Maximum Ratings 
Supply Voltage (between V+ and V-I •••••.•••••••••.••••• 36V 
Differential Input Voltage; ••••.•••••••••••••••••.•.•.•.•• 8V 
Input Voltage .•••••••••.••••••.•...•••• (V+ +BV) to (V- -O.5V) 
Input Current •••.••••••••••.•••••••••••••••••••.••••• 1 mA 
Output Short Circuit Duration (Note 1) •••••••••••••... Indefinita 
Junction Temperature (Plastic Package) •••••.••••••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) ••.•.•.••••..•••. +300"C 

Operating Conditions 
Operating Temperature Range •••••••••••••• -4O"C S TA S +85°C 
Storage Temperature Range ••••..••••••••• -65°CSTAS+15O"C 
Operating Voltage Range ..•.•....••.. 4V to 36V or ±2.V to ±18V 

CAUTION: SIt8ssBs abow thosB listed in "Absalufll Maximum Ratings" may cause permanent damage to the davfca This is a stress only /Bting and op8l8tion 

of fhe device at fheae or any ofher conditions abow thO/lS indicated in the opel8tiona' sections of this specification is not i""Ued. 

Electrical Specifications For Equipment Design, V+ = 15V, V- = -15V, TA = +25°C, Unless Otherwise Specified 

LIMITS 

CA3240A CA3240 

PARAMETERS SYMBOL MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage V'(;) - 2 5 - 5 15 mV 

Input Offset Current 1'(;) - 0.5 20 - 0.5 30 pA 

Input Current II - 10 40 - 10 50 pA 

large-Signal Voltage Gain AcL 20 100 - 20 100 - kVN 
(See Figures 2, 17) (Note 2) 

86 100 - 86 100 - dB 

Conmon-Mode Rejection Ra- CMRR - 32 320 - 32 320 IlVN 
Uo (See Figure 7) 

70 90 - 70 90 - dB 

Conmon-Mode Input Voltage VICR -15 -15.5 to 12 -15 -15.5 to 11 V 
Range (See Figure 14) +12.5 +12.5 

Power Supply Rejection Ratio tNidAV± - 100 150 - 100 150 IlVN 
(See Figure 9) 

PSRR 76 60 - 76 60 - dB 

Maximum Output Voltage VOM<- 12 13 - 12 13 - V 
(Note 3) 
(See Figures 14, 20) VOM- -14 -14.4 - -14 -14.4 - V 

Maximum Output Voltage VOM- 0.4 0.13 - 0.4 0.13 - V 
(Note 4) 

Supply Current (See Figure 5) 1+ - 8 12 - 8 12 mA 
For Both Amps. 

Total Device Dissipation Po - 240 360 - 240 360 mW 

NOTES: 

1. Short circuit may be applied to ground or to either supply. Temperatures antVor supply voltages must be limited to keep dissipation within 
maximum rating. 

2. AtVo = 26Vp-p, +12V, -14V and RL =2kQ. 

3. At RL = 2kQ. 

4. At V+ = 5V, V- = GND, ISiNK = 200flA. 
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Specifications CA3240, CA3240A 

Electrical Specifications For Equipment Design, V+ = +15V, V- = -15V, TA = +2!i"C, Unless Otherwise Specified 

TYPICAL VALUES 

PARAMETERS SYMBOL TEST CONDITIONS CA3240A CA3240 UNITS 

Input Offset Voltage Adjustment Resistor Typical Value 01 Resistor Between 18 4.7 kn 
(E1 Package Only) Terms. 4 and 3(5) or Between 4 and 

14(8) to Adjust Maximum VIO 

Input Resistance RI 1.5 1.5 Tn 

Input CapaCitance CI 4 4 pF 

Output Resistance Ro 60 60 n 

Equivalent Wldeband Input Noise Voltage eN BW = 140kHz, Rs = 1Mn 48 48 "V 
(See Rgure 19) 

Equivalent Input Noise Voltage eN 1=1kHz,Rs =100n 40 40 nvNHz 
(See Figure 8) 

nVNHz I = 10kHz, Rs = 100n 12 12 

Short-CIrcuit Current to Opposita Supply 10M+ Source 40 40 rnA 

10M- Sink 11 11 rnA 

Gain Bandwidth Product (See Figures 3 IT 4.5 4.5 MHz 
and 17) 

Slew Rate (See Rgure 4) SR 9 9 V/fI.S 

Transient Response: 

Rise Time 

'" f\. = 2kn, CL = 100pF 0.08 0.08 fI.S 

Overshoot (See Figure 18) OS RL = 2kn, CL = 100pF 10 10 % 

Seliling Time at 10 Vp-p (See Figure 15) 

1mV Is RL = 2kn , CL = 100pF, Voltage Follower 4.5 4.5 fI.S 

10mV Is RL = 2kn , CL = 100pF, Voltage FoUower 1.4 1.4 fI.S 

Crosstalk 1= 1kHz 120 120 dB 
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Specifications CA3240, CA3240A 

Electrical Specifications For Equipment Design at v+ = 15V, v- = -15V, TA = -40 to +850 C, Unless Otherwise Specified 

TYPICAL VALUES 

PARAMETERS SYMBOL CA3240A CA3240 UNITS 

Input Offset Voltage IVIOI 3 10 mV 

Input Offset Current (Note 3) 11101 32 32 pA 

Input Current (Note 3) II 640 640 pA 

large Signal Voltage Gain (See Figures 2, 17) AoL 63 63 kVN 
(Note 1) 

96 96 dB 

Common Mode Rejection Ratio (See Figure 7) CMRR 32 32 IlVN 

90 90 dB 

Common Mode Input Voltage Range (See Figure 14) VICR -15 to +12.3 -15to +12.3 V 

Power Supply Rejection Ratio (See Figure 9) tNldtN± 150 150 IlVN 

PSRR 76 76 dB 

Maximum Output Voltage (Note 2) (See Figures 14 and 20) VOM+ 12.4 12.4 V 

VOM- -14.2 -14.2 V 

Supply Current (See Figure 5) For Both Amps 1+ 8.4 8.4 rnA 

Total Device Dissipation Po 252 252 mW 

Temperature Coefficient of Input Offset Voltage aVldaT 15 15 IlVf'C 

NOTES: 

1. At Vo = 26Vp-p, +12V, -14V and RL = 2kn. 

2. At RL = 2k.O. 

3. AtTA = +85°C. 
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Specifications CA3240, CA3240A 

Electrical Specifications For Design Guidance at v+ = 5'1, v- .. OV, TA = +25"C, Unless Otherwise Specified 

TYPICAL VALUES 

PARAMETERS SYMBOL CA3240A CA3240 UNITS 

Input Offset Voltage IVIOI 2 5 mV 

Input Offset Current 11101 0.1 0.1 pA 

Input Current II 2 2 pA 

Input Resistance RIH 1 1 TO 

Large Signal Voltage Gain (See Figures 2 and 17) AoL 100 100 kVN 

100 100 dB 

CommonooMode Rejection Ratio CMRR 32 32 IlVN 

90 90 dB 

Common-Mode Input Voltage Range (See Figure 14) VieR -D.5 -D.5 V 

2.6 2.6 V 

Power Supply Rejection Ratio PSRR 31.6 31.6 IlVN 

90 90 dB 

Maximum OUtput Voltage (See Figures 14 and 20) VoM+ 3 3 V 

VOM- 0.3 0.3 V 

Maximum Output Current 

Source loM+ 20 20 rnA 

Sink 10M- 1 1 rnA 

Slew Rate (See Figure 4) SA 7 7 V/IJ.S 

Gain Bandwidth Product (See Figure 3) fT 4.5 4.5 MHz 

Supply Current (See Figure 5) 1+ 4 4 rnA 

Device Dissipation PD 20 20 mW 
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CA3240, CA3240A 

Schematic Diagram 

BIAS CIRCUIT INPUT STAGE SECOND STAGE OUTPUT STAGE DYNAMIC CURRENT SINK 
; .. ---------_ .. ----; ....... _ .. ------_ .... ------_ .. 
• • • • • • • • • • • • • • • • • 

r----------: ,.---------.... ------ ;--... -------.. ----------: V+ 

· • • • • I • :R1 
: ak 

R8 
1k 

• • • • • • • • • 

~~~----~~------~~--_r--~--_r--~~8~-r----+-~~----~.~O~UT 

!.----------- ----~ 
INVERTING 0+----; .... "1 .... -4 

INPUT -

NON-INVERTING o-t-~~--t=:--"t--... 
INPUT + 

Q14':"::1--H:~' 
DB 

• • • • • • • • • • : • • • • • : 
• • • • • • • 

RS R7! 
soo :~ son i 

If.. _________________ _. ,----------_! ____ ..... __________ ... J : __________ ... __ _ _____ J 

• OFFSET NULL • 

ALL RESISTANCE VALUES ARE IN OHMS. 
*ONLY AVAILABLE WITH 14 LEAD DIP (E1 SUFFIX) 

V-

FIGURE 1. SCHEMATIC DIAGRAM OF ONE-HALF CA3240 SERIES. 

Circuit Description 

The schematic diagram of one amplifier section of the 
CA3240 is shown in Figure 1. It consists of a differential 
amplifier stage using PMOS transistors 09 and 010 with 
gate-ta-source protection against static discharge damage 
provided by zener diodes 03. 04. and 05. Constant current 
bias is applied to the differential amplifier from transistors 02 
and 05 connected as a constant current source. This 
assures a high common-mode rejection ratio. The output of 
the differential amplifier is coupled to the base of gain stage 
transistor 013 by means of an n-p-n current mirror that sup
plies the required differential-to-single-ended conversion. 
Provision for offset null for types in the 14 lead plastic pack
age (El suffix) is provided through the use of this current 
mirror. . 

The gain stage transistor 013 has a high impedance active 
load (03 and 04) to provide maximum open-loop gain. The 
collector of 013 directly drives the base of the compound 
emitter-follower output stage. Pulldown for the output stage 

is provided by two independent circuits: (1) constant-current
connected transistors 014 and 015 and (2) dynamic cur
rent-sink transistor 016 and its associated circuitry. The level 
of pulldown current is constant at about 1mA for 015 and 
varies from 0 to 1SmA for 016 depending on the magnitude 
of the voltage between the output terminal and V+. The 
dynamic current sink becomes active whenever the output 
terminal is more negative than V+ by about 15V. When this 
condition exists, transistors 021 and 016 are turned on 
causing 016 to sink current from the output terminal to V-. 
This current always flows when the output is in the linear 
region. either from the load resistor or from the emitter of 
018 if no load resistor is present. The purpose of this 
dynamic sink is to permit the output to go within O.2V (VeE 
(sat» of v- with a 2kCl load to ground. When the load is 
returned to V+. it may be necessary to supplement the 1rnA 
of current from 015 in order to turn on the dynamic current 
sink (Q16). This may be accomplished by placing a resistor 
(Approx. 2kCl) between the output and V-. 
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CA3240, CA3240A 

Typical Performance Curves 
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CA3240, CA3240A 

Typical Performance Curves (Continued) 
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CA3240, CA3240A 

Typical Performance Curves (Continued) 
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CA3240, CA3240A 

Typical Performance Curves (Continued) 
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CA3240, CA3240A 

Typical Performance Curves (Continued) 
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Applications Considerations 
Output Circuit Considerations 

Figure 20 shows output current-sinking capabilities of the 
CA3240 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level-shifting circuitry usually associated with the 741 series 
of operational amplifiers. 

Figure 21 shows some typical configurations. Note that a 
series resistor, RL, is used in both cases to limit the drive 
available to the driven device. Moreover, it is recommended 
that a series diode and shunt diode be used at the thyristor 
input to prevent large negative transient surges that can 
appear at the gate of thyristors, from damaging the inte
grated circuit. 

Input Circuit Considerations 

As indicated by the typical VieR, this device will accept inputs 
as low as 0.5V below V-. However, a series current-limiting 
resistor is recommended to.limit the maximum input terminal 
current to less than 1 mA to prevent damage to the input pro
tection circu itry. 

Moreover, some current-limiting resistance should be pro
vided between the inverting Input and the output when the 
CA3240 is used as a unity-gain voltage follower. This resis
tance prevents the possibility of extremely large input-signal 
transients from forcing a signal through the input-protection 
network and directly driving the Internal constant-current 
source which could result in pOSitive feedback via the output 
terminal. A 3.9kn resistor is sufficient. 

The typical input current is in the order of 10pA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device diSSipation will increase, 
rasing the chip temperature and resulting in increased input 
current. Figure 22 shows typical input-terminal current ver
sus ambient temperature for the CA3240. 

FIGURE 21. METHODS OF UTILIZING THE Vee (SAT) SINKING 
CURRENT CAPABILITY OF THE CA3240 SERIES 
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CA3240, CA3240A 

10K. V+.1SV,II-.-15V 

4 

2 

i 
1K 
I 

!Z 4 / 
II! 2 
II: 100 
::I a u 
5 4 

If' 
f 

A- I ~ 
1CL 

/ 

• f 
4 / 
I ,J 

-80 -40 -20 0 20 40 60 60 100 130 140 
TEMPERATURE ("C) 

FIGURE 22. INPUT CURRENT V8 AMBIENT TEMPERATURE 

It is well known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes In 
input offsel voltage) due to the application of large differen
tial input voltages that are sustained over long periods at ele
vated temperatures. 

Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts 
of the opposite polarity reverse the offset. In typical linear 
applications, where the differential voltage is small and sym
metrical, these incremental changes are of about the same 
magnitude as those encountered in an operational amplifier 
employing a bipolar transistor input stage. 

1(7) 

2(6) 

II-

Offset-Voltage Nulling 

The input-offset voltage of the CA3240AE1 and CA3240E1 
can be nulled by connecting a 10k.(} potentiometer between 
Terminals 3 and 14 or 5 and 8 and returning its wiper arm to 
Terminal 4, see Figure 23A This technique, however, gives 
more adjustment range than required and therefore, a con
siderable portion of the potentiometer rotation is not fully uti
lized. Typical values of series resistors that may be placed at 
either end of the potentiometer, see Figure 23B, to optimize 
its utilization range are given in the table "Electrical SpecifI
cations for Equipment Design" shown on third page of this 
data sheet. 

An alternate system is shown in Figure 23C. This circuit 
uses oniy one additional resistor of approximately the value 
shown in the table. For potentiometers, in which the resis
tance does not drop to zero ohms at either end of rotation, a 
value of resistance 10% lower than the values shown in the 
table should be used. 

II- OR II-

(A) BASIC (8) IMPROVED (C) SIMPLER 
RESOLUTION IMPROVED 

RESOLUTION 

oSee Electrical Specifications Table on third page of this data sheet for value of R. 

FIGURE 23. THREE OFFSET-VOLTAGE NULUNG METHODS, (CA3240AE1, CA3240E1 ONLY.) 
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CA3240, CA3240A 

44M 

44M 

• AT 220V OPERATION, TRIAC SHOULD BE 12300D, 
Rs. 18K, sw 

10K(2W) 
.----"''/IIv---...... --o 120VI22OV 

AC 
8OH%/50Hz 

COMMON 

FIGURE 24. ONIOFF TOUCH SWITCH 

Typical Applications 

On/Off Touch Switch 

The onIoff touch switch shown in Figure 24 uses the 
CA3240E to sense small currents flowing between two con
tact points on a touch pltite consisting of a PC board metalli
zation "grid". When the "on" plate is touched, current flows 
between the two halves of the grid causing a positive shift in 
the output voltage (Terminal 7) of the CA3240E. These posi
tive transitions are fed into the CA3059, which is used as a 
latching circuit and zero-crossing triac driver. When a posi
tive pulse occurs at Terminal 7 of the CA3240E, the triac is 
turned on and held on by the CA3059 and its associated 
positive feedback circuitry (51kn resistor and 36kn142kQ 
voltage divider). When the pOSitive pulse occurs at Terminal 
1 (CA3240E), the triac is turned off and held off in a similar 
manner. Note that power for the CA3240E is supplied by the 
CA3059 internal power supply. 

The advantage of using the CA3240E in this circuit is that it 
can sense the small currents associated with skin conduc
tion while allowing suffICiently high circuit impedance to pro
vide protection against electrical shock. 

Dual Level Detector (WIndow Comparator) 

Figure 25 illustrates a simple dual liquid level detector using 
the CA3240E as the sensing amplifier. This circuit operates 
on the principle that most liquids contain enough ions in 
solution to sustain a small amount of current flow between 
two electrodes submersed in the liquid. The current, induced 
by an O.5V potential applied between two halves of a PC 
board grid, is converted to a voltage level by the CA3240E in 
a circuit similar to that of the on/off touch switch shown in 
Figure 24. The changes in voltage for both the upper and 
lower level sensors are processed by the CA3140 to activate 
an LED whenever the liquid level is above the upper sensor 
or below the lower sensor. 
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CA3240, CA3240A 
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CA3240, CA3240A 

Constant-VoltageiConstant-Current Power Supply 

The constant-voltagelconstant-current power supply shown 
in Figure 26 uses the CA3240E1 as a voltage-error and cur
rent-sensing amplifier. The CA3240E1 is ideal for this appli
cation because its input common-mode voltage range 
includes ground, allowing the supply to adjust from 20mV to 
25V without requiring a negative supply voltage. Also, the 
ground reference capability of the CA3240E1 allows it to 
sense the voltage across the 10 current-sensing resistor in 
the negative output lead of the power supply. The CA3086 
transistor array functions as a reference for both constant
voltage and constant-current limiting. The 2N6385 power 
Darlington is used as the pass element and may be required 
to dissipate as much as 40W. Figure 27 shows the transient 
response of the supply during a 1 OOmA to 1 A load transition. 

Precision Differential Amplifier 

Figure 28 shows the CA3240E in the classical precision dif
ferential amplifier circuit. The CA3240E is ideally suited for 
biomedical applications because of its extremely high input 
impedance. To insure patient safety, an extremely high elec
trode series resistance is required to limit any current that 
might result in patient discomfort in the event of a fault condi
tion. In this case, 10MO resistors have been used to limit the 
current to less than 211A without affecting the performance of 
the circuit. Figure 29 shows a typical electrocardiogram 
waveform obtained with this circuit. 

Top Trace: Output Voltage 
(SOOmVIDiv. and 51JS/DlV.) 

Bottom 1l'ace: Collector Of Load Switching Transistor 
Load = 100mA to 1A, (5VlOiv. and 5I1SiDiv.) 

FIGURE 27. TRANSIENT RESPONSE 

TWOCOND. 
SHIELDED 
CABLE 

10M 

GAIN 
CONTROL 

10M 

100K1% 

FREQUENCY RESPONSE (-3dB) DC TO 1MHz 
SLEW RATE .1.5V/p.a 
COMMON MODE REJ: 86dB 
GAIN RANGE: 35dB - GOdB 

FIGURE 28. PRECISION DIFFERENTIAL AMPLIFIER 
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Differential Light Detector 

CA3240, CA3240A 

Vertical: 1.OmVJDiv 
(~Ilfier GaIn = 100X) 
(Scope SensItM\y= O.1VJDiv.) 

Horizontal: > 0.2 SecIDIv. (Uncal) 

FIGURE 29. TYPICAL ELECTROCARDIOGRAM WAVEFORM 

0.015"" 

FIGURE 30. DIFFERENTIAL LIGHT DETECTOR 

OUTPUT 

In the circuit shown in Figure 30, the CA3240E converts the can be used over a wide range of ambient light conditions 
current from two photo diodes to voltage, and applies 1V of without circuit component adjustment. Also, when used with 
reverse bias to the diodes. The voltages from the CA3240E a light source, the circuit will not be sensitive to changes in 
outputs are subtracted in the second stage (CA3140) so that light level as the source ages. 
only the difference Is amplified. In this manner, the circuit 
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Features 

• MOSFET Input Stage provides 
- Very High Z. = 1.srO (1.S x 10120) Typ. 
- Very Low II = SpA Typ. at 1SV Operation 

= 2pA Typ. at SV Operation 

• ldesl for Single Supply AppJlcatlons 

• Common Mode Input Voltage Range Includes Nega
tIve Supply Rail; Input Terminals Can be Swung O.SV 
Below Negative Supply Rail 

• CMOS Output Stage PermIts Signal Swing to EIther 
(Or Both) Supply Ralls 

Applications 
• Ground Referenced Single Supply AmpJlflers 

• Fast Sample-Hold AmplHlers 

• Long Duration TimersiMonostables 

• Ideal Interface wIth DIgItal CMOS 

• High Input Impedance Wldeband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 

• Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 

• Wlen Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 

Pinouts 

OUTPUT (A) 1 

INV.INPUT (A) 2 

NON IN'L INPUT (A) 3 

CA3260 (PDIP) 
TOP VIEW 

7 OUTPUT(S) 

6 INY. INPUT (S) 

5 NON INY.INPUT (S) 

CA3260 
BiMOS Operational Amplifier 

with MOSFET Input/CMOS Output 

Description 
CA3260A and CA3260 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA3260 series 
circuits are dual versions of the popular CA3160 series. 

Gate protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input 
impedance. very low input current. and exceptional speed 
performance. The use of PMOS field effect transistors in the 
input stage results in common mode input voltage capability 
down to O.5V below the negative supply terminal. an 
important attribute in single supply applications. 

A complementary symmetry MOS (CMOS) transistor pair, 
capable of swinging the output voltage to within 10mV of 
either supply voltage terminal (at very high values of load 
impedance). is employed as the output circuit. 

The CA3260 Series circuits operate at supply voltages 
ranging from 4V to 16V, or ±2.V to ±BV when using split 
supplies. The CA3260A offers superior input characteristics 
over those of the CA3260. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3260E -55°C to + 125°C 8 Lead Plastic DIP 

CA3260T -55"C to +125OC 8 Pin TO-5 Can 

CA3260AE -55°C to +125OC 8 Lead Plastic DIP 

CA3260AT -55°C to + 125°C 8 Pin TO-5 Can 

CA3260 (TO-5 STYLE CAN) 
TOP VIEW 

INY. 2 
INPUT (A) 

V-

6 INY. 
INPUT(S) 

CAUTION: These devices are sensHive to electrostatic discharge. Users shculd follow proper I.C. Handling Procedures. File Number 1266.2 
Copyrlght@ Harris Corpcration 1993 
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Specifications CA3260, CA3260A 

Operating Conditions Absolute Maximum Ratings 
DC Supply Voltage 

(Between V+ and V Terminals) •.••••••.••••••••.•••.•. 16V 
Differential Mode 

Operating Temperature Range (All 'T)'pes) .••..•• -55"0 to +125"0 
Storage Temperature Range (All Types) .•.••.•.• -65"0 to + 15O"C 

Input Voltage .••.•••.•.••••.••••...••.•.•• , • . • • • • • . . BV 
DC Input Voltage •••••.••••••..•.••.•• (V+ +8 V) to (V- -0.5 V) 
Input Terminal Current ••••••••.•....•..•..•••••.•.•.•. 1 rnA 
Output Short Circuit Duration (Note 1) .••••••••.•••••• Indefinite 
Junction Temperature. . • . • • • • • . • . . • . . . . • . . . • . • • . . . • + 175°C 
Junction Temperature (Plasllc Package) •.••.••.•...•.• + 15O"C 
Lead Temperatura (Soldering 10 Sec.) ..•••...•....•.•. +300"C 

CAUTION: stressss abo .. Ihoss 'Isted In "Absolute Msx/mum Ratings" may cause psnnananl damage to the davies. This Is a slrllss only rating and operation 
of the davies al thesa or any oilier conditions abo .. lIIosalndJested In the operationa'sactJons of this spacificalion Is nol impHed. 

Electrical Specifications 'T)'pical Values Intended Only lor Design Guidance 

PARAMETERS SYMBOL TEST CONDITIONS CA3260A CA3260 UNrrs 

V+ = +7.5V. V- = -7.SV. TA = +2S"O. Unless Otherwise Specified 

Input Resistance RI loS I.S Tn 

Input Capacitance C, 1= lMHz 4.3 4.3 pF 

Unity Gain Crossover Frequency IT 4 4 MHz 

Slew Rate SR 10 10 VlJIS 

Transient Response CL = 25pF. RL = 2kO 
(Voltage Follower) 

Rise Time iR 0.09 0.09 JIS 

Overshoot OS 10 10 "to 

Settling Time (to <0.1 %. YIN = 4Vp.p) Is CL = 2SpF. RL = 2kO 1.B 1.B JIS 
(Voltage Follower) 

V+ = SV. V- = OV. TA = +2S"O. Unless Otherwise Specified 

Input Offset Voltage Vr;) 2 6 mV 

Input Offset Current 1'0 0.1 0.1 pA 

Input Current I, 2 2 pA 

Common Mode Rejection Ratio CMRR 70 60 dB 

Large Signal Voltage Gain AoL Vo = 4Vp.p RL = 20kO 100 100 kVN 

100 100 dB 

Common Mode Input Voltage Range V'CR Ot02.S Ot02.5 V 

Supply Current 1+ Vo=SV. RL=oo 1 1 rnA 

Vo = 2.5V. RL =00 1.2 1.2 rnA 

Power Supply Rejection Ratio PSRR AVtdAV+ 200 200 JjVN 

NOTE: 
1. Short circuit may be applied to ground or to either supply. 
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Specifications CA3260, CA3260A 

Electrical Specifications For Each Amplifier atTA = +25°C, v+ = 15V, v- = OV, Unless Otherwise Specified 

LIMITS 

CA3260A CA3260 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Input Offset Voltage IVIOI V± =±7.5V - 2 5 - 6 15 mV 

Input Offsel Current 11101 V± =±7.5V - 0.5 20 - 0.5 30 pA 

Input Current II V± =±7.5V - 5 30 - 5 50 pA 

Large Signal Voltage Gain AoL Vo= 10Vp•p, 50 320 - 50 320 - kVN 
RL= 10kO 

94 110 - 94 110 - dB 

Common Mode Rejection Ratio CMRR 60 95 - 70 90 - dB 

Common Mode Input Voltage VieR 0 ..().5to 10 0 ..().5to 10 V 
Range 12 12 

Power Supply Rejection Ratio PSRR I1VlC/tN± - 32 150 - 32 320 IlVN 
V±= 17.5V 

Maximum Output Voltage 

VOM+ RL= 10kO 11 13.3 - 11 13.3 - V 

VOM- - 0.002 0.01 - 0.002 0.01 V 

VOM+ RL=oo 14.99 15 - 14.99 15 - V 

VOM- - 0 0.01 - 0 0.01 V 

Maximum Output Current Vo =7.5V 

IOM+Source 12 22 45 12 22 45 rnA 

10M-Sink 12 20 45 12 20 45 rnA 

Total Supply Current 1+ RL==oo 

Vo (Ampli. A) = 7.5V - 9 15.5 - 9 15.5 rnA 
Vo (Ampli. B) = 7.5V 

Vo (Ampll. A) = OV - 1.2 3 - 1.2 3 rnA 
Vo (Ampli. B) = OV 

Vo (Ampli. A) = ov - 5 8.5 - 5 8.5 rnA 
Vo (Ampli. B) = 7.5V 

Input Offset Voltage Temp. Drift I1Vldl1T - 6 - - 8 - IlVf'C 

Crosstalk f= 1kHz - 120 - - 120 - dB 
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Schematic Diagram 

AMPUFIER A : ... ··~·~~i AMPUFIER B 

r-_.------~----_.----------_.--__1! r:---4~--------~~----'-----~~-' 

4 
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Features 

• Low Initial Input Offset Voltage: SOOILV Max. 
(CA3280A) 

• Low Offset Voltage Change vs IABc: <SOOIlV Typical 
for All Types 

• Low Offset Voltage Drift: SILV/"C Max. (CA3280A) 
• Excellent Matching of the Two Amplifiers for All Char

acteristics 
• Internal Current-Driven Unearizing Diodes Reduce the 

Extemallnput Current to an Offset Component 
• Flexible Supply Voltage Range ±2V to ±1SV 

Applications 
• Voltage Controlled Amplifiers 
• Voltage Controlled Oscillators 
• Multipliers 
• Demodulators 
• Sample and Hold 
• Instrumentation Amplifiers 
• Function Generators 
• Triangle Wave-ta-Slne Wave Converters 
• Comparators 
• Audio Preamplifiers 

Ordering Information 

TEMPERATURE 
PART NUMBER RANGE PACKAGE 

CA3280AE -S5"C to + 12SoC 16 Lead Plastic DIP 

CA3280E OOC to +700c 16 Lead Plastic DIP 

CA3280AF3 -SsoC to +12SoC 16 Lead Ceramic DIP 

Description 

CA3280 
Dual Variable 

Operational Amplifier 

The CA3280 and CA3280A types consist of two variable 
operational amplifiers that are designed to substantially 
reduce the initial input offset voltage and the offset wltage 
variation with respect to changes in programming current. 
This deSign results in reduced "AGC thump: an objection
able characteristic of many AGC systems. Interdigitation, or 
crosscoupling, of critical portions of the circuit reduces the 
amplifier dependence upon thermal and processing 
variables. 

The CA3280 has all the generic characteristics of an opera
tional voltage amplifier except that the forward transfer char
acteristics is best described by transconductance rather than 
voltage gain, and the output is current, not voltage. The 
magnitude of the output current is equal to the product of 
transconductance and the input voltage. This type of opera
tional transconductance amplifier was first introduced in 
1969*, and it has since gained wide acceptance as a gate
able, gain controlled building block for instrumentation and 
audio applications, such as linearization of transducer out
puts, standardization of widely changing signals for data pro
cessing, multiplexing, instrumentation amplifiers operating 
from the nanopower range to high current and high speed 
comparators. 

For additional application information on this device and on 
OTAs in general, please refer to Application Notes: ICAN-
6818,ICAN-6668, and ICAN-6077. 

Pinout Functional Diagram 
CA3280 

(pDIP, CDIP) 
TOP VIEW 

EMITTER, A1 2 

EMITTER, A2 7 

1tl,A2 

1I2CA3280 

"'OTA Obsoletes Op Amp', by C. F. Wheatley and H. A. Wittlinger, NEC Proceedings. December 1969. 
CAUTION: These d8ll1cas are sansHIw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright@HarrisCorporation1993 2-191 
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Specifications CA3280, CA3280A 

Absolute Maximum Ratings 
Supply Voltage (Between V+ and V-) •••••••••••••••••••• +36V 
DIfferential Input Voltage •••••••••••••••••••••••••••••••• 5V 
Input Voltage Range ••••••••••••••••••••••••••••••• V+ to V-
Input Current at 10: 0 •••••••••••••••••••••••••••••• lOOj1A 
Amplifier Bias CUrrent (IABC) ••••••••••••••••••••••••••• 10mA 
OUtput Short Circuit Duration" •••••••••••••••••••••• Indefinite 
Unearlzlng Diode Bias Current. 10 ••••••••••••••••••••••• 5mA 
Peak Input Current with Linearizing Diode •••••••••••••••••••• ±Io 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +1 SOOC 
Lead Temperature (Soldering 10 Sec.) ....•..........•. +3OO"C 

"Short circuit may be applied to ground or to either supply 

Operating Conditions 
Operating Temperature Range 

CA3280 •••••••••••••••••••••••••••••••••• O"C to +70"C 
CA3280A ••••••••••••••••••••••••••••••• -55"0 to +125"0 

Storage Temperature Range (An Types) ••••••••• -65"0 to + l5O"C 

CAUTION: stresses above those /Islsd In *Absolulfl Maximum Ratings" may cause permanent damage to the dtwIca. This Is 8 slnJas only I8ling and opel8tJon 
of the device at these or any other conditions above those indicalsd In the op8l8tiona/ sections of this specification Is not irrplied. 

Electrical Specifications alTA: +25"0. V±: +15V (Unless Otherwise Specified). For Equipment Design 

LIMITS 

CA3280 CA3280A 

PARAMETER SYMBOL TEST CONPITION MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VIO IABC: lrnA - - 3 - - 0.5 mV 

IABC : lOOj1A - 0.7 3 - 0.25 0.5 mV 

IABC -10j1A - - 3 - - 0.5 mV 

IABC = 1 rnA to 10j1A. - 0.8 4 - 0.8 1.5 mV 
TA = Full Temp. Range 

Input Offset Voltage IAVlol IABC '" lj1A to lmA - 0.5 1 - 0.5 1 mV 
Drift 

JJ.Vf'C IABC : 100pA, - 5 - - 3 5 
TA = Full Temp. Range 

Amplifier Bias Voltage VABC IABC = l00j1A - 1.2 - - 1.2 - V 

Peak Output Voltage IABC : SOOj1A 

Positive VOM+ 12 13.7 - 12.5 13.7 - V 

Negative VOM- 12 -14.3 - -13.3 -14.3 - V 

Positive VOM+ IABC= 5j1A 12 13.9 - 12.5 13.9 - V 

Negative VOM- 12 -14.5 - -13.5 -14.5 - V 

Common Mode Input VICR IABC = l00j1A -13 - 13 -13 - 13 V 
Voltage Range 

Noise Voltage eN IABC: SOOj1A 

10Hz - 20 - - 20 - nVNHz 

1kHz - 8 - - 8 - nVNHz 

10kHz - 7 - - 7 - nVNHz 

Input Offset Current 110 I ABC = SOOj1A - 0.3 0.7 - 0.3 0.7 j1A 

Input Bias Current liB IABC : SOOj1A - 1.8 5 - 1.8 5 j1A 

IABC : 500j1A. - 3 8 - 3 8 j1A 
TA = Full Temp. Range 

Peak Output Current IABC '" SOOj1A 

Source IOM+ 350 410 650 350 410 650 j1A 

Sink 10M- -350 -410 -650 -350 -410 -650 j1A 
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Specifications CA3280, CA3280A 

Electrical Specifications at TA = +250C, V± = + 15V (Unless Otherwise Specified). For Equipment Design (Continued) 

LIMITS 

CA328D CA328DA 

PARAMETER SYMBOL TEST CONDITION MIN TYP MAX MIN TYP MAX 

Source IOM+ lASe = 51lA 3 4.1 7 3 4.1 7 

Sink IOM- -3 -4.1 -7 -3 -4.1 -7 

Sink and Source IOM-, lASe = 500IlA, 350 450 550 350 450 550 
IOM+ TA = Full Temp. Range 

Unearlzation Diodes 

Dynamic Impedance 10 = 1001lA - 700 - - 700 -
Offset Current 10= 1001lA - 10 - - 1D -

10 = 101lA - 0.5 1 - 0.5 1 

Diode Network Supply IABC = 1001lA 250 400 800 250 400 800 
Current 

Amplifier Supply Cur- 1+ lASe = 5OO1lA - 2 2.4 - 2 2.4 
rent (Per Amplifier) 

Amplifier Output Leak- IOL lASe = 0, Vo = OV - 0.015 0.1 - 0,015 0.1 
age Current 

IABC = 0, Vo = 30V 0.15 1 0.15 1 - -
Common Mode Rejec- CMRR lASe = 1001lA 80 100 - 94 100 -
lion Ratio 

Power Supply Rejec- PSRR lASe = 1001lA 86 105 - 94 105 -
lion Ratio 

Open Loop Voltage AoL lASe = 100llA, ~ = co 94 100 - 94 100 -
Gain Vo =20Vp•p 

50 100 - 50 100 -
Forward Transconduc-
tance, 

Large Signal Gm lASe = 501lA - 0.8 1.2 - 0.8 1.2 

Small Signal gm lASe = 1mA - 16 22 - 16 22 

Input Resistance RI lASe = 101lA 0.5 - - 0.5 - -
Channel Separation 1= 1kHz - 94 - - 94 -
Open Loop Total Har- THO 1= 1kHz,IASe = 1.5mA, - 0.4 - - 0.4 -
monic Distortion RL = 15kCl, Vo = 20Vp..p 

Bandwidth IT lASe = 1mA, RL = 1000 - 9 - - 9 -
Slew Rate, Open Loop SR lASe = 1mA - 125 - - 125 -
Capacitance lASe = 1001lA 

Input CI - 4.5 - - 4.5 -
OUtput Co - 7.5 - - 7.5 -

Output Resistance Ro IABC = 1001lA - 63 - - 63 -
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CA3280, CA3280A 

Metallization Mask Layout 

Dimensions in parentheses are In millimeters and derived from 
the basic Inch dimensions as Indicated. Grid graduations ere In 
mils (1003 inch). 

The photographs and dimensions represent a chip when it Is 
part of the wafer. When the wafer Is cut Into chips, the cleavage 
angles are 57" Instead of 90" with respect to the face of the 
chip. Therefore, the Isolated chip Is actually 7 mils (O.17mm) 
larger In both dimensions. 
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CA3280, CA3280A 

Description 
Figures 1 and 2 show the equivalent circuits for the current 
source and linearization diodes in the CA3280. The current 
through the linearization network is approximately equal to 
the programming current. There are several advantages to 
driving these diodes with a current source. First, only the off
set current from the biasing network flows through the input 
resistor. Second, another input is provided to extend the gain 
control dynamic range. And third, the input is truly differential 
and can accept signals within the common mode range of 
theCA3280. 

The structure of the variable operational amplifier eliminates 
the need for matched resistor networks in differential to sin
gle ended converters, as shown in Figure 3. A matched 
resistor network requires ratio matching of 0.01% or trim
ming for 80dS of common-mode rejection. The CA3280, with 
its excellent common mode rejection ratio, is capable of con
verting a small (±25mV) differential input signal to a single
ended output without the need for a matched resistor net
work. 

Figure 4 shows the CA3280 in a typical gain control applica
tion. Gain control can be performed with the amplifier bias 

RD .. ~=~~~';:~AL DIODE 

52n 70 
RD -lo(mA) x 1.3h 1D 

ID 

FIGURE 1. VOA SHOWING UNEARIZATION DIODES AND 
CURRENT DRIVE 

21cO 

DlFFERENllAL 
INPUT 21cO 

+15V 

-15V 

SINGLE
)--1-+ ENDED 

OUTPUT 

101cO 

FIGURE 3. DIFFERENTIAL TO SINGLE ENDED CONVERTER 

current (IABC). With no diode bias current, the gain is merely 
gmRL• For example, with an IABC of 1 mA, the gm is approxi
mately 16mmho. With the CA3280 operating into a 5kn 
resistor, the gain is 80. 

The need for external buffers can be eliminated by the use of 
low value load resistors, but the resulting increase in the 
required amplifier bias current reduces the input impedance 
of the CA3280. The linearization diode impedance also 
decreases as the diode bias current increases, which further 
loads the input. The diodes, in addition to acting as a linear
ization network, also operate as an additional attenuation 
system to accommodate input signals in the volt range when 
they are applied through appropriate input resistors. 

Figure 7 shows a triangle wave-to-sine wave converter using 
the CA3280. Two 100kn resistors are connected between 
the differential amplifier emitters and V+ to reduce the cur
rent flow through the differential amplifier. This allows the 
amplifier to fully cut off during peak input signal excursions. 
THO is appropriately 0.37% for this circuit. 

FIGURE 2. BLOCK DIAGRAM OF UNEARIZED VOA 

gl~~~; 
600n 

101cO 

V+f 3301cO 
1001cO 

v-
101cO 

VOLTAGE 
CONTROL 

OUTPUT 
21Vp.p 
14mVAGC 
FEEDTHRU 
400I'V 
NOISE AT 
MAX. GAIN 

13)-.... - .. 

1SkO 

V. __ 15V 

-
FIGURE 4. TYPICAL GAIN CONTROL CIRCUIT 
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CA3280, CA3280A 

Test Circuits 

...---<1-----.... ---- ·1SV 

FIGURE 5. TWO CHANNEL UN EAR MULTIPLEXER 

3.611n 

2000 

2000 

V+--w.r-y. 
1 DOlin 

V+~y. 
1011n 5.611n soon 111n MIN. 

IIAX. FREa. FREQ. SET 
SET 

10011n 
V+~y. 

211n 

,.......p--V+ 

FIGURE 6. CA3280 USED IN CONJUNCTION WITH A CA3160 TO PROVIDE A FUNCTION GENERATOR WITH A TUNABLE RANGE 
OF 2Hz TO 1 MHz 
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Test Circuits (Continued) 

+1SV --...... -..JyVv-....., 

170mVp.p 
A/ 2kn 

·15V 

+15V 

1 1MO 

Toolln 
·15V 

3011n 

+15V 

CA3280, CA3280A 

+30V 
10011n 

+1SV 

510 rv 
30V 

3.11 OV 
2000 lin 

10011n -

FIGURE 7. TRIANGLE WAVE-To-SINE WAVE CONVERTER FIGURE 8. LEAKAGE CURRENT TEST CIRCUIT 

INPUT (O:I-.... -----{ 

>-..... - ..... --.. OUTPUT 

1 lin 10kn 

FIGURE 9. CHANNEL SEPARATION TEST CIRCUIT 

2·197 

Ci!cn Za:: 
O!!:! 
~~ a:: a.. 
W::E 
~cc 



CA3280, CA3280A 

Test Circuits (Continued) 

101cn 

101cn 

IABC = 65011A 
10 = 20011A 

Vertical = 200jiAlOiV. 
Horizontal = 1 VlOiV. 

(A) EFFECTS OF DIODE UNEARIZATION, WITH DIODE PROGRAMMING TERMINAL ACTIVE 

101cn 

101cn 

loUT 

1kn 

IABC = 65OI1A 
10=0 

Vertical = 200jiAlDiV. 
Horizontal = 25mVlOiV. 

(B) WITH DIODE PROGRAMMING TERMINAL CUT-OFF 

FIGURE 10. CA3280 TRANSFER CHARACTERISnCS 
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CA3280, CA3280A 

Performance Curves 
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FIGURE 11. AMPLIFIER GAIN vs FREQUENCY 
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FIGURE 13. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT 
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FIGURE 15. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS 
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FIGURE 14. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT 
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CA3280, CA3280A 

Performance Curves (Continued) 
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FIGURE 19. 11F NOISE vs FREQUENCY 
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CURRENT 
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CA3280, CA3280A 

Performance Curves (Continued) 
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Features 
• 2V Supply at 3OO11A Supply Current 

CA3420 
Low Supply Voltage, Low Input Current 

BiMOS Operational Amplifiers 

Description , 

• 1 pA (TYp.) Input Current (Essentially Constant to 85°C) 

The CA3420A and CA3420 are integrated circuit operational 
amplifiers that combine PMOS transistors and bipolar tran
sistors on a single monolithic Chip. The CA3420A and 
CA3420 SIMOS operational amplifiers feature gate pro
tected PMOS transistors in the input circuit to provide very 
high input impedance, very low input currents (less than 
1pA). The internal bootstrapping network features a unique 
guardbanding technique for reducing the doubling of leakage 
currenl for every 10"e increase in temperature. The CA3420 
series operates at total supply voltages from 2V to 20V 
either single or dual supply. These operational amplifiers are 
Internally phase compensated to achieve stable operation In 
the unity gain follower configuration. Additionally, they have 
access terminals for a supplementary external capacitor if 
additional frequency roll-off Is desired. Terminals are also 
provided for use in applications requiring input offset voltage 
nUlling. The use of PMOS in the input stage results in com
mon mode input voltage capability down to 0.45V below the 
negative supply terminal, an important attribute for single 
supply application. The output stage uses a feedback OTA 
type amplifier that can swing essentially from rall-to-rail. The 
output driving currenl of 1.5mA (min) is provided by using 
nonlinear current mirrors. 

• Rall-to-Rall Output Swing (Drive ±2mA Into 1k.Cl Load) 

• Pin Compatible wHh 741 Operational Amplifiers 

Applications 
• pH Probe Amplifiers 

• Plcoammaters 

• Electrometer (High Z) Instruments 

• Portable Equipment 

• Inaccessible Field Equipment 

• Battery-Dependent Equipment (Medical and Military) 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3420AE -55OC to + 125°C 8 Lead Plastic DIP 

CA3420AT -5SOC to + 125°C 8 Pin Can 

CA3420E -55OC to + 12SoC 8 Lead Plastic DIP 

CA3420T -55OC to +125OC 8 Pin Can 

Pinouts Functional Diagram 

OFFSET NULL 1 

INY. 
INPUT 

NON-INY. 3 
INPUT 

CA3420 
(PDIP) 

TOP VIEW 

CA3420 
(TO-5CAN) 
TOP VIEW 

5 OFFSET NULL 

BUFFER AMPS; 
BOOTSTRAPPED 

INPUT PROTEcnON 
NElWORK 

CA3420 

HIGH GAIN 
(5OK) 

CAUTION: These devices are sensHiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright e Harris Corporation 1983 
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Specifications CA3420, CA3420A 

Absolute Maximum Ratings 
Supply Voltage 

(Between V+ and V- Terminals) ....................... 22V 
Differential Input Voltage ............................... 15V 
DC Input Voltage •••••••••••••••••••••• (V+ + 8V) to (V- .c.5V) 
Input Current. ....................................... 1 rnA 
Output Short Circuit Duration (Note 1) .••••••••••••••• Indefinite 
Junction Temperature ••••••.•••••••••••••••••••.••• +1750C 
Junction Temperature (Plastic Package) .••••••••••.••• +lSOOC 
Lead Temperature (Soldering 10 Sec) .••..•••.•••.•••• -+300oC 

Operating Conditions 
Operating Temperature Range (All Types) ••••••• -55OC to + 125°C 
Storage Temperature Range (All Types) ••••••••• -65OC to +lSOOC 

CAUTION: StrssSflS above those listed in "Absolute Maximum Ratings'mey cause permanent damage to the davies. This is a stress only rating and operation 
of the device at thflSe or any other conditions above those indicated in the operational ssctlons of this specification is not implisd. 

Electrical Specifications 'TYpical Values Intended Only for DeSign Guidance. V+ = +10V; V- = -10V Til = +25OC 

PARAMETERS SYMBOL TEST CONDITIONS CA3420A CA3420 UNITS 

Input Resistance R, 150 150 Tn 

Input Capacitance C, 4.9 4.9 pF 

Output Resistance Ro 300 300 n 

Equivalent I nput Noise Voltage eN f = 1kHz Rs= lOOn 62 62 nVNHz 

f = 10kHz 38 38 nVNHz 

Short-Circuit Current 

Source IOM+ 2.6 2.6 rnA 

To Opposite Supply 

Sink IOM- 2.4 2.4 rnA 

Gain Bandwidth Product fr 0.5 0.5 MHz 

Slew Rate SR 0.5 0.5 VlfJS 

TranSient Response RL = 2kn, CL = 100pF 

Rise TIme ~ 0.7 0.7 fJS 

Overshoot OS 15 15 % 

Current from Terminal 8 

ToV~ 18+ 20 20 

Current from Terminal 8 

ToV+ 18- 2 2 mA 

NOTE: 

1. Short circuit may be applied to ground or to either supply. 

2-203 



Specifications CA3420, CA3420A 

Electrical Specifications For Equipment Design. At V+ = lV. V- = -lV. TA = +250C. Unless Otherwise Specified 

LIMITS 

TEST 
CA3420A CA3420 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage IVlol - 2 5 - 5 10 mV 

Input Offset Current (Note 1) Ii 101 - 0.01 4 - 0.01 4 pA 

Input Current (Note 1) lill - 0.02 5 - 1 5 pA 

Large Signal Voltage Gain AoL RL = 10kn 20 100 - 10 100 - kVN 

86 100 - 80 100 - dB 

Common Mode Rejection Ratio CMRR - 560 1000 - 560 1800 IlVN 

60 65 - 55 65 - dB 

Common Mode Input Voltage VICR + +0.2 +0.5 - 10.2 +0.5 - V 
Range 

VICR - -1 -1.3 - - -1.3 - V 

Power Supply Rejection Ratio PSRR !!Nldl1V - 32 320 - 100 1000 IlVN 

70 90 - 60 80 - dB 

Max Output Voltage VOM + RL = 00 +0.90 +0.95 - +0.90 +0.95 - V 

VOM - -0.85 -0.91 - -0.85 -0.91 - V 

Supply Current 1+ - 350 650 - 350 650 v.A 
Device Dissipation Po - 0.7 1.1 - 0.7 1.1 mW 

Input Offset Voltage Temp. Drift IlV!dl1T - 4 - - 4 - IlVt'C 

NOTE: 

1. The maximum limit represents the levels obtainable on high speed automatic test equipment. Typical values are obtained under laboratory 
conditions. 

Electrical Specifications For Equipment Design. At V+ = 10V. V- = ·10V. TA = +25°C. Unless Otherwise Specified 

LIMITS 

TEST CA3420A CA3420 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage IVlol - 2 5 - 5 10 mV 

Input Offset Current (Note 1) Ii 101 - 0.03 4 - 0.03 4 pA 

Input Current (Nole 1) lill - 0.05 5 - 0.05 5 pA 

Large Signal Voltage Gain AoL RL= 10kn 20 100 - 10 100 - kVN 

86 100 - 80 100 - dB 

Common Mode Rejection Ratio CMRR - 100 320 - 100 320 IlVN 

70 80 - 70 80 - dB 

Common Mode Input Voltage VICR + +9.0 +9.3 - +8.5 +9.3 - V 
Range 

VICR - -10 -10.3 - -10 -10.3 - V 

Power Supply Rejection Ratio PSRR "Vld"V - 32 320 - 32 320 IlVN 

70 90 - 70 90 - dB 

Max Output Voltage VOM + RL = 00 +9.7 +9.9 - +9.7 +9.9 - V 

VOM - -9.7 -9.85 - -9.7 -9.85 - V 

Supply Current 1+ - 450 1000 - 450 1000 v.A 
Device Dissipation Po - 9 14 - 9 14 mW 

Input Offset Voltage Temp. Drift l1Vdl1T - 4 - - 4 - IlVt'C 

NOTE: 

1. The maximum limit represents the levels obtainable on high speed automatic test equipment. Typical values are obtained under laboratory 
conditions. 
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Typical Performance Curves 
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CA3420, CA3420A 

Application Circuits 
Plcoamater Circuit 

The exceptionally low input current (typically O.2pA) makes 
the CA3420 highly suited for use in a picoameter circuit. With 
only a single 100n resistor, this circuit covers the range from 
±1.5pA. Higher current ranges are possible with suitable 
sWitching techniques and current scaling resistors. Input tran
sient protection is provided by the 1 Mn resistor in series with 
the input. Higher current ranges require that this resistor be 
reduced. The 10Mn resistor connected to pin 2 of the 
CA3420 decouples the potentially high input capacitance 
often associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 

10G0 

High Input Resistance Voltmeter 

Advantage is taken of the high input impedance of the CA3420 
in a high input resistance DC. voltmeter. Only two 1.5V °AA" 
type penlite batteries power this exceedingly high-input resis
tance (>1,ooo,OOOMn) DC voRmeter. Full-scale deflection is 
±5OOmV, ±15QmV, and ±15m\l. Higher voltage ranges are eas
ily added with external input voRage attenuator networks. 

The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 

Supply current in the standby position with the meter 
undeflected is 3OO1IA. At full-scale deflection this current 
rises to aoollA. Carbon-zinc battery life should be in excess 
of 1,000 hours. 

-1.5V 

11kn 

1.5kn 

1.5kn, 1% 

1kn 

4300, 1% 

1500, 1% 

68Q 

1% 

FIGURE 6. PICOAMETER CIRCUIT 

+1.SV 

±15mV 

1.1kn 

1.5kn 

1.5kn, 1% 

1kn 

4300, 1% 

1500, 1% 

san 
1% 

FIGURE 7. HIGH INPUT RESISTANCE VOLTMETER 

2-206 



CA3440 
March 1993 Nanopower BiMOS Operational Amplifier 

Features 
• High Input Resistance ••••••••••••••••••• 2Tn (Typ) 

• Standby Power at V+ = 5V ••••••••••••• 300nW (Typ) 

• Supply Current, BW, Slew Rate Programmable Using 
External Resistor 

• Input Current ••••••••••••••••••••••••• 10pA (Typ) 

• 5V to 15V Supply 

• Output Drives Typical Bipolar Type Loads 

• Low Cost 8 Pin Mini-DIP, TO-5 Can, SOIC 

Ordering Information 

PART 
NUMBER 

CA3440AE 

CA3440AM 

CA3440AT 

CA3440E 

CA3440M 

CA3440T 

Pinouts 

TEMPERATURE 
RANGE 

·550C to +12500 

·55°C to + 125°C 

-55"C to +12500 

·55"C to +12500 

·55°C to +12500 

·550C to +12500 

CA3440 
(PDIP, SOIC) 
TOP VIEW 

V-IOFFSET NULL 1 

INV.INPUT 2 

NON-lNV.INPUT 3 

PACKAGE 

8 Lead Plastic DIP 

8 Lead SOIC 

8 Pin Can 

8 Lead Plastic DIP 

8 Lead SOIC 

8 Pin Can 

5 V-IOFFSET NULL 

Description 
The CA3440A and CA3440· are integrated circuit opera· 
tional amplifiers that combine the advantages of MOS and 
bipolar transistors on a single monolithic chip. 

The CA3440A and CA3440 BiMOS op amps feature gate 
protected PMOS transistors in the input circuit to provide 
very high input impedance. very low input currents (less than 
10pA). These devices operate at total supply voltage from 
5V to 15V and can be operated over the temperature range 
from '550C to + 125°C. Their virtues are programmability and 
very low standby power consumption (300nW). These oper
ational amplifiers are internally phase compensated to 
achieve stable operation in the unity gain follower configura
tion. Terminals are also provided for use In applications 
requiring input offset voltage nulling. The use of PMOS in the 
input stage results in common mode input voltage capability 
down to 0.5V below the negative supply terminals. an Impor
tant attribute for single supply applications. The output stage 
uses MOS complementary source follower form which per
mits moderate load driving capability (101<.0) at very low 
standby currents (50nA). 

The CA3440A and CA3440 have the same 8 pin terminal 
pinout as the "741" and other industry standard op amps 
with two exceptions: terminals one and five must be con
nected to the negative supply or to a potentiometer if nulling 
is required. Terminal 8 must be programmed through an 
external resistor returned to the negative supply . 

• Formerly Dev. Type No. TA 10590. 

CA3440 
(TO-5CAN) 
TOP VIEW 

ISET 

V-CASE 

CAUTION: These devices are sensitive to electrostatic discharge. Usere should follow proper I.C. Handling Procedures. File Number 1318.2 
Copyright @ Harris Corporation 1!1!13 
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Specifications CA3440, CA3440A 

Operating Conditions Absolute Maximum Ratings 
Supply Voltage 

(Between V+ and V- Terminals) ....................... 25V 
Operating Temperature Range ••••••••...••... -55"C to + 125°C 
Storage Temperature Range •.•..••••••••.•••• -65"C to + 15O"C 

Differential Input Voltage ................................ 9V 
DC Input Voltage ...................... (V+ +8V) to (V- -O.5V) 
Input Current •••••..•••••••••••..•••.••••••••...••••• 1 rnA 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + 175"C 
Junction Temperature (Plastic Package) ..••••••.•....• +15O"C 
Output Short Circuit Duration (Note 1) •....••••..•...• Indefinite 
Lead Temperature (Soldering 10 Sec) .....•.....•..... +3O()OC 

CAUTION: Stresses ab0\'8 those Iisled In "Absolute MaxImum Ratings' may cause permanent damage 10 /he dav/ce. This Is a stress only rating and operation 
of the device at these or any othe, conditions ab0\'8 those Indicated In the operational sections of this specification Is not Implied. 

Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = +5v, V- = -5V; RseT = 10Mo, TA = +25°C 

PARAMETERS SYMBOL TEST CONDITIONS CA3440A CA3440 UNrrs 

Input Resistance At 2 2 TO 

Input Capacitance C1 3.5 3.5 pF 

Output Resistance Ro 450 450 0 

Equivalent Input eN 1=1kHz Rs= 1000 110 110 nVNHz 

Noise Voltage 1= 10kHz 110 110 nVNHz 

Short-Circuit Current 

Source 10M+ 15 15 rnA 

To Opposite Supply 

Sink 10M- 4.5 4.5 rnA 

Gain Bandwidth Product IT 63 63 kHz 

Slew Rate SR 0.03 0.03 VlIUI 

Transient Response RL=10kO,CL=10OpF 

Rise Time ~ 5.6 5.6 lUI 

Overshoot OS 10 10 % 

NOTE: 

1. Short circuit may be applied to ground or to either supply. 
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Specifications CA3440, CA3440A 

Electrical Specifications For Equipment Design. At V+ = +5V, V- = -5V, RSET = 10Ma, Til = +25"C, Unless Otherwise Specified 

TEST 
CA3440A 

PARAMETERS SYMBOL CONDITIONS MIN TYP 

Input Offset Voltage IVlol - 2 

Input Offset Current 1110 1 - 2.5 

Input Current 1111 - 10 

Large Signal Voltage Gain AOL Rl = 10k!.! 10 100 

80 100 

Common Mode Rejection Ratio CMRR - 100 

70 80 

Common Mode Input Voltage VlCR+ +3.5 +3.7 
Range 

VICR- -5.0 -5.3 

Power Supply Rejection Ratio PSRR - 32 

70 90 

Max Output Voltage VOM+ +3 +3.2 

VOM- -3 -3.2 

Supply Current 1+ - 10 

Device Dissipation Po - 100 

Input Offset Voltage Temp. Drift IlVJdIlT - 4 

Schematic Diagram 

INYE:'~~ 2 

NON-INYERTING 311---1---+---1 

2-209 

LIMITS 

CA3440 

MAX MIN TYP MAX 

5 - 5 10 

20 - 2.5 30 

40 - 10 50 

- 10 100 -
- 80 100 -

320 - 100 320 

- 70 80 -
- +3.5 +3.7 -
- -5.0 -5.3 -

320 - 32 320 

- 70 90 -
- +3 +32 -
- -3 -3.2 -

17 - 10 17 

170 - 100 170 

- - 4 -

t-------1~Q7 

R3 
30Q 

4 Y-

UNITS 

mV 

pA 

pA 

kVN 

dB 

JlVN 

dB 

V 

V 

JlVN 

dB 

V 

V 

JlA 

IIW 

IIVi"C 



CA3440, CA3440A 

Typical Performance Curves 
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CA3440, CA3440A 

Typical Performance Curves (Continued) 

108 

1,..1' 

SET CURRENT (nA) 

FIGURE 7. BANDWIDTH vs SET CURRENT 

STAGE 1 

( HIGH GAIN) 
100dB 

STAGE 2 

(
BUFFER) 
LOWZ 

OUTPUT 

FIGURE 9. NANOPOWER OP AMP (SUPPLY CURRENT PRO-
. GRAMMABLE USING RSETI, 1pA TYPICAL INPUT 

BIAS CURRENT, 4.0V TO 15V SUPPLY 

As RSET is increased, ISET and the standby power decrease 
while the BW/SR also decreases. 

Operating at a +5V single supply, the CA3440 exhibits the 
following characteristics: 

STANDBY 
RSET POWER BW SR 

1MO 250IlW 164kHz 0.17V/1lS 

10Mn 25t1W 27kHz O.017V/1lS 

100MO 2.51lW 2.6kHz O.OO17V/1lS 

1GO 250nW 78kHz O.OOO17V/1lS 

SET CURRENT (nA) 

FIGURE 8. SLEW RATE vs SET CURRENT 

FIGURE 10. NANOPOWER OP AMP (USABLE STANDBY POW
ER vs PROGRAMMING RESISTOR RSET) 

The CA3440 is pin compatible with the 741 except that pins 
1 and 5 (typical negative nulling pins) must be connected 
either directly to pin 4 or to a negative nulling potentiometer. 
In addition, pin 8, the ISET terminal, must be returned to 
either ground or -V via RSET 
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CA3440, CA3440A 

Applications Circuits 

+9V 

RIN> 20Mn 
Standby Power = 90!1W 
Galn=20dB 
BW: 20Hz to 3kHz 
SR = O.016V1)1S 

OUTPUT 

FIGURE 11. HIGH INPUT IMPEDANCE AMPLIFIER 

___ ~'L..I_ 2.35V 
AT200pA 

9,11 

1,2 

FIGURE 12. MICROPOWER BANDGAP REFERENCE 
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March 1993 

Features 

• High Open Loop Gain at Video Frequencies 
- AoL ••.•••.•••••••••••••••.••• >40dB at f = SMHz 

• PoWer Bandwidth of 10MHz; AcL = S; Va = ±3.SV 

• Slew Rate at Full Load ••••••.••• 330Vlllsec (Ay ~ 10) 

• fT = 220MHz; Cc = OpF With a Load of son 1120pFII1 Mn 
(Scope Input) 

• VouT =±4.1V Into 7sn 

• Offset Null Terminals 

Applications 

• Video Une Driver 

• High Frequency Unity Gain Buffer 

• Pulse Amplifier 

• High Speed Comparator 

CA3450 
Video Line Driver, 

High Speed Operational Amplifier 

Description 
The CA3450· is a large signal video line driver and high 
speed operational amplifier capable of driving son transmis
sion lines and flash NO's. The uncompensated unity gain 
crossing occurs at 230M Hz without load. It can operate at 
dual or single supplies of ±7.25Vor 14.5V, respectively. The 
CA3450 can be compensated with a single capacitor net
work. It has output drive capability of 75mA SINK or 
SOURCE. The CA3450 is capable of driving Flash NO's in 
video or high speed instrumentation (accurate) applications 
with bandwidth up to 10MHz. Offset voltage nulling terminals 
are also available. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3450E -40"0 to +85'C 16 Lead Plastic DIP 

• High Frequency Oscillator and Video Amplifiers • Formerly Development Type No. TA11371A. 

• Driver for AID's in Video Applications ••••• 1 OMHz BW 

Pinout 
CA3450 
(PDIP) 

TOP VIEW 

Block Diagram 

INPUT CURRENT 
COMPENSATED 
DIFFERENTIAL 
AMPURER 

1 16 
'""""""v--' 
OFFSET 

NULL 

DC LEVEL 
SHIFT 
STAGE 

9 11 
'""""""v--' 
PHASE 
COMP 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @HarrisCorporation 1993 
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Specifications CA3450 

Absolute Maximum Ratings 
Supply Voltage (Between v+ and V- Terminals) •••.••.••.•• 14.5V 
Differential Input Voltage •.••••.••••••••••••••••••••••••• 5V 
Power Dissipation 

Up to +55"C .••.••••••••••••.••••..••••••••.•.••• 1.5W 
AbcNe +55"C .•••••••••••••••••• Derate Unearly 16.6mWf'C 

Output Current •••••••••••••••••••••••••••••••••••• 1QOmA 
Junction TemperaJure (Plastic Package) ••.••••••••.••• +15O"C 
Lead Temperature (Soldering 1 0 Sec.) •.•.•••.••.••.... +3OO"C 

Operating Conditions 
Operating Temperature Range •••••••••.••.•... -4O"C to +85"C 
Storage Temperature Range •••••••••.•.••••••• 65"C to + 15O"C 
Thermal Package Characteristics fC/W) BJA BJC 

Plastic DIP Package. • •• • • •• ••• . • .•• 60 12 

CAUTION: SInJssBs abot.w those Il$ted In "AbsoIuts Maximum Ratings" may cause permanent damage 10 the device. This 1$ a stress only ratfng and operation 
of lIle device at these or any oilier conditions abCMI lIIose Indicated In the operational sections of 1111$ specification Is not Inp/Ied. 

Electrical Specifications At TA = +25°C, Cc = 5pF, V+, V- = 6V (Note 1) 

1 UMITS 

PARAMETERS SYMBOL TEST CONDmONS I MIN TYP MAX UNITS 

STATIC 

Input Offset Voltage IVIOI TA = +25"C - 8 20 mV 

TA = -4O"C to +85OC - 10 35 mV 

Input Bias current IIlsl TA = +25"C - 100 400 nA 

Input Offset Current 11101 TA = +25"C - 50 200 nA 

Opsn Loop DC Gain AoL Vour=t25V 1 -40"C to +85°C 55 - - dB 
RL=500 1+25OC 60 70 - dB 

Power Supply Rejection Ratio PSRR AV=±lV 55 65 - dB 

Common Mode Rejection Ratio CMRR VICf!± = ±3.5V 50 60 - dB 

Common Mode Input Range VieR TA " -4O"C to +85OC ±3.0 - - V 

TA" +25"C ±3.5 ±3.7 - V 

Supply Current 1+ TA " -4O"C to +8SOC - - 50 rnA 

TA - +25"C - 30 40 rnA 

DYNAMIC 

-3dB Bandwidth No Load - 200 - MHz 
"-i • 1 (See Figure 8) 

~=lMOIl20pF - 190 - MHz 
Ce =5pF 

~ = 5OClII2OpF - 185 - MHz 

Bandwidth (Unity Gain Cross- No Load 210 230 - MHz 
Ing) 

RL" 20pFillMO 180 200 - MHz 
"-i = Opsn Loop 
Ce = 0 (See Figure 7) RL = 5001120pF 180 220 - MHz 

Bandwidth (Unity Gain Cross- No Load 200 210 - MHz 
Ing) 500 175 190 - MHz 
"-i=10,Ce =OpF 
~=4500 lMli20pF 180 195 - MHz 
~n 3. G = 500 (See Figure 8) 500111MII2OpF 170 188 - MHz 

Transient Response, Overshoot as "-i= 1 ~=5001120pF - 30 - % 
(See Figure 14) Ce ,,5pF No Load - 20 - % 

"-i ~10, Cc " OpF, RL" 5001120pF - 10 - % 

Settling Time (See Figure 9) ts 2VStep "-i=-l,Ce =5pF,O.1%,10Blts - 35 - ns 
~= "-i= l,Cc= 5pF, 0.1%,10 Bits - 50 - ns 
5001120pF 

"-i= 10,Ce =OpF,O.1%,10 Bits - 35 - ns 

"-i= 10, Cc = OpF, 1.0%,7 Bits - 25 - ns 

Slew Rate ( See Figures 8, 15) SR Av= 1 No Load - 220 - V/jJ.S 
Ce =5pF 

~=5001120pF - 160 - V/jJ.S 

Av~10 No Load 370 440 - V/jJ.S 
Ce=OpF RL = 5OO1120pF 300 330 - V/jJ.S 
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Specifications CA3450 

Electrical SpecHicatlons At TA = +25°C, Cc = 5pF, V+, v- = 6V (Note 1) (Continued) 

PARAMETERS SYMBOL TEST CONDITIONS 

Power Bandwidth PBW Ay=5 No Load 
PBW = SAht Vpp Cc =5pF RL = 5OO1120pF 

VOUT= ±3.5V 

Ay~10 No Load 
Cc=OpF ~=sonll20pF 
VOUT = ±2.0V 

Input Noise Voltage en 1= 1kHz 

Differential Gain DG See Figure 12 

Differential Phase DP See Figure 12 

lOUT Into +4V or -4V 

Output Voltage Swing into 750 VOM+ 

VOM-

Input Capacitance CI f = 1MHz 

Input Resistance RI 

Output Resistance RoUT See Figure 5, Ay = 1, 30MHz 

NOTE: 

1. All tests are performed with ±6V at the supply terminals. 

Schematic Diagram 
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CA3450 

Metallization Mask Layout 

Typical Performance Curves 
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Dimensions In parenthesis are In millimeters and are derived 
from the basic inch dimensions as Indicated. Grid graduations 
are In mils (10-3 Inch). 

The photographs and dimensions of each CMOS chip represent 
a chip when it is part of the waler. When the waler is cut Into 
chips, the angle of cleavage may vary with respect to the chip 
face for different chips. The actual dimensions of the Isolated 
chip, therefore, may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of -3mils to +6mlls 
applicable to the nominal dimensions shown. 
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Typical Performance Curves (Continued) 
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FIGURE 6. OUTPUT VOLTAGE VB FREQUENCY 

All O.1JlF and O.001JlF supply decoupling capacitors 
are multilayer ceramic chip types. 

MULTILAYER 
CERAMIC CHIP .r..820pF SILVER MICA. 

-=- OR EQUIV. 

• A 10n. 1/4 W supply decoupling resistor is shown in all application 
circuits of this device. The resistor serves two purposes. First it 
provides a means of decoupling the Ie directly at its terminal without 
introducing additional supply resonance due to parallel connected 
capacitors, Second, It also provides protection for the device in event 
of a sustained short circuit applied directly to the output terminals. 

FIGURE 7. OPEN LOOP GAIN VB FREQUENCY TEST CIRCUIT 
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Transient Response Waveforms 

FIGURE 14. TRANSIENT RESPONSE WAVEFORM FIGURE 15. SLEW RATE WAVEFORM 
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CA5130 
March 1993 

BiMOS Microprocessor Operational Amplifier 
with MOSFET Input/CMOS Output 

Features 
• MOSFET Input Stage 

• Very High Zt ••••••••••••• 1.5TO (1.S x 10120)Typ. 
• Very Low II •••••••••••• SpA Typ. at 1SV Operation 

2pA Typ. at SV Operation 

• Ideal for Single Supply Applications 

• Common Mode Input VoHage Range Includes Nega
tive Supply Ralli Input Terminals Can Be Swung O.SV 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Ralls 

• CAS130A, CAS130 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = SV 

• CAS130A, CA5130 Are Guaranteed to Operata Down 
to V+ = 4.SV for Act. 

• CA5130A, CA5130 Are Guaranteed to Operate at ±7.SV 
CA3130A, CA3130 Specifications 

Applications 
• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration T1mersIMonostables 

• High Input Impedance Comperators (Ideal Interface 
with Digital CMOS) 

• High Input Impedance Wideband Amplifiers 

Description 
CA5130A and CA5130 are Integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. They are designed 
and guaranteed to operate in microprocessors or logic sys
tems that use +5V supplies. 

Gate protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input imped· 
ance, very low input current, and exceptional speed perfor
mance. The use of PMOS field effect transistors in the input 
stage results in common mode input voltage capability down 
to O.5V below the negative supply terminal, an important 
attribute in single supply applications. 

A complementary symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10mV of 
either supply voltage terminal (at very high values of load 
Impedance), is employed as the output circuit. 

The CA5130 Series circuits operate at supply voltages rang
ing from 4V to 16V, or f2V to ±BV when using split supplies. 
They can be phase compensated with a single external 
capacitor, and have terminals for adjustment of offset \/Oltage 
for applications requiring offset null capability. Terminal pro
visions are also made to permit strobing of the output stage. 

The CA5130A, CA5130 have guaranteed specifications for 
5V operation over the full military temperature range of 
-55°C to +1250C. 

• Voltage Followers (e.g. Follower for Single Supply DlA Ordering Information 
Converter) 

• Yoltage Regulators (Permits Control of Output Yoltage 
Down to Zero Volts) 

• Peak Detectors 

• Single Supply Full Wave Precision Rectifiers 

• Photo Diode Sansor Amplifiers 

• SV Logic Systems 

• Microprocessor Interface 

Pinouts 
CA5130 (PDIP. SOIC) 

TOP VIEW 

OFFSET NULL 1 

INY.INPUT 2 

NON-/NV. INPUT 3 

5 OFFSET NULL 

PART. 

CA5130AE 

CA5130AM 

CA5130AT 

CA5130E 

CA5130M 

CA5130T 

TEMP. RANGE 

-55°C to +125°C 

-5500 to + 125°C 

-55°C to + 125°C 

-55°C to + 125°C 

-5500 to + 125°C 

-55°C to + 125°C 

CA5130 (TO-5 CAN) 
TOP VIEW 

¥-ANDCASE 

CAUTION: These dill/ices are sansHiva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright@Harris Corporation 1993 
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PACKAGE 

8 Lead Plastic DIP 

8 Lead SOIC 

8 Pin Can 

8 Lead Plastic DIP 

8 Lead SOIC 

8 Pin Can 

File Number 1923.2 



Specifications CA5130, CA5130A 

Absolute Maximum Ratings Operating Conditions 
DC Supply Voltage (Between V+ And V Terminals) . • . • . • • • •• 16V Operating Temperature Range (All Types) ••••••• -55"C to + 125°C 
Dlfferentiallnput Voltage ••••••.•.••••••••••••••••••••••• 8V Storage Temperature Range (AlIlYP9s) ••••••.•• -65"C to + 1500C 
DC Input Voltage .•.••••••.•••.•••••.•• (v+ +8 V) to (V .(l.5V) 
Input Terminal Current ••..•••••..•••.•.•••••••.•••.••• 1 rnA 
Output Short-Circuit Duration· .•••••••.•.•••••••.•.• Indefinite 
Junction Temperature. • • • • • • . • . • . • . • • • . • • • • • • • . • . • • + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +1500C 
Lead Temperature (Soldering 10 Sec.) .••••••••••••••.• +3OO0C 

• Short circuit may be applied to ground or to either supply. 
CAUTION: S_es abo\08 /hose lislsd in "Absolute Maximum Ratings" may cause psrmanent damage to tIHJ davIce. This is ___ only tating and opetation 
of the dfWlce at /hess or any olhar conditions abowJ those indicated in tIHJ opstationai sBCtions of this specification is not ImpUed. 

Electrical Specifications TA = +25"C, V+ = 5V, V- = OV (Unless Otherwise Specified) 

LIMITS 

TEST 
CA5130A CA5130 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO Vo =2.5V - 1.5 4 - 2 10 mV 

Input Offset Current 110 Vo =2.5V - 0.1 5 - 0.1 10 pA 

Input Current II Vo =2.5V - 2 10 - 2 15 pA 

Convnon Mode Rejection Ratio CMRR VCM=OVto 1V 75 87 - 70 65 - dB 

VCM • OV to 2.5V 60 69 - 60 69 - dB 

Input Common Mode Voltage VICR+ 2.5 2.8 - 2.5 2.8 - V 
Range VICR_ - -0.5 0 - .(l.5 0 V 

Power Supply Rejection Ratio PSRR 6+=1V;~-=1V 60 75 - 55 73 - dB 

Large Signal Voltage Gain AoL Vo = 0.1V to 4.1V 100 105 - 95 105 - dB 
(Note 1) RL=oo 

Vo = 0.1V to 3.6V 90 97 - 85 95 - dB 
RL= 10110 

Source Current ISOURCE Vo=OV 1.0 3.1 4.0 1.0 2.6 4.0 rnA 

Sink Current ISINK Vo=5V 1.0 1.4 4.0 1.0 1.7 4.0 rnA 

Output Voltage VOUT 

VOM+ ~=oo 4.99 5 - 4.99 5 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ ~=10kn 4.4 4.7 - 4.4 4.7 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ ~=2kn 2.5 3.5 - 2.5 3.5 - V 

VOM- - 0 0.01 - 0 0.01 V 

Supply Current ISUPPLY Vo=OV - 50 100 - 50 100 IIA 
Vo =2.5V - 260 400 - 260 400 IIA 

NOTE: 

1. For V+ = 4.5V and V- = Gnd; VOUT = 0.5V to 3.2V at RL = 10110. 
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Specifications CA5130, CA5130A 

Electrical Specifications TA = -55"C 10 + 125°C, V+ = 5V, V- = OV (Unless Otherwise Specified) 

LIMITS 

TEST 
CA5130A CA5130 

PARAMETERS SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO Vo =2.5V - 2 10 - 3 15 mV 

Input Offset Current 110 Vo =2.5V - 0.1 5 - 0.1 10 pA 

Input Current II Vo =2.5V - 2 10 - 2 15 pA 

Common Mode Rejection Ratio CMRR VcM=OVIoW BO 80 - 60 80 - dB 

VCM = OV to 2.5V 55 80 - SO 80 - dB 

Input Common Mode Voltage VICR+ 2.5 2.8 - 2.5 2.8 - V 
Range 

VICR. - -0.5 0 - -0.5 0 V 

Power Supply Rejection Ratio PSRR 4+= 1V;A-= 1V 45 70 - 40 66 - dB 

Large Signal Voltage Gain AcL Vo = 0.1V 104.1V 94 98 - 90 98 - dB 
(Note 1) RL=co 

Vo = 0.1V to 3.BV 80 88 - 75 85 - dB 
RL = 10kn 

Source Current ISOURCE Vo=OV O.B 2.2 5.0 0.6 - 5.0 mA 

Sink Current ISINK Vo=5V O.B 1.15 5.0 0.8 - 5.0 mA 

Output Voltage VOUT 

VOM+ RL = .. 4.99 5 - 4.99 5 - V 

VOM- - 0 0.01 - 0 0.01 V 

VoM+ RL = 10kn 4.0 4.B - 4.0 4.B - V 

VOM- - 0 0.01 - 0 0.01 V 

VoM+ Rt=2kn 2.0 3.0 - 2.0 3.0 - V 

VOM- - 0 0.01 - 0 0.01 V 

Supply Current ISUPPLY Vo=OV - 80 220 - 80 220 JIA 
Vo =2.5V - 300 SOD - 300 SOD JIA 

NOTE: 

1. For V+ = 4.5V and V- = Gnd; VOUT = 0.5V to 3.2V at RL = 10kn. 

Electrical Specifications TA = +25"C. V+ = 15V. V- = OV (Unless Otherwise Specified) 

LIMITS 

TEST 
CA5130A CA5130 

PARAMETERS SYMBOL CONontONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VIO V±=±7.5V - 2 5 - 8 15 mV 

Input Offset Current 110 V±=±7.5V - 0.5 20 - 0.5 30 pA 

Input Current II V±=±7.5V - 5 30 - 5 SO pA 

Common Mode Rejection Ratio CMRR 80 90 - 70 90 - dB 

Input Common Mode Voltage VICR 10 -0.5 to 0 10 -0.5 to 0 V 
Range 12 12 

Power Supply Rejection Ratio PSRR AVtdAV± - 32 1SO - 32 320 pVN 
V±=±7.5V 
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Specifications CA5130, CA5130A 

Electrical Specifications TA = +25°C, V+ = 15V, v- = OV (Unless Otherwise Specified) (Continued) 

LIMITS 

TEST 
CA5130A CA5130 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Large Signal Voltage Gain AoL Vo = 10Vp.p 50 320 - 50 320 -
At. =2kn 

94 110 - 94 110 -
Maximum Output Current 

Source lou+ Vo=OV 12 22 45 12 22 45 

Sink lou- Vo= 15V 12 20 45 12 20 45 

Supply Current ISUPPLY Vo = 7.5V, At. = 00 - 10 15 - 10 15 

Vo = 0v,1\ =00 - 2 3 - 2 3 

Maximum OutPUt Voltage Vour 

VOM+ RL:l:oo 14.99 15 - 14.99 15 -
Vou- - 0 0.01 - 0 0.01 

VOM+ RL=2kn 12 13.3 - 12 13.3 -
VOM- - 0.002 0.01 - 0.002 0.01 

Input Offset Voltage INldl1T - 10 - - 10 -
Temperature Drift 

Electrical Specifications Typical Values Intended Only for Design Guidance. TA = +25°C, V+ = +7.5V, V- = -7.5V 
(Unless Otherwise Specified) 

LIMITS 

TEST 
CA5130A CA5130 

PARAMETERS SYMBOL CONDITIONS TYP TYP 

Input Offset Voltage Adjustment Range 10kn Across Terminals 4 and 5 or 4 and 1 ±22 ±22 

Input Resistance FIj 1.5 1.5 

Input Capacitance CI f= lMHz 4.3 4.3 

Equivalent Input Noise Voltage eN BW = 0.2MHz, Rs = 1 MO (Note 1) 23 23 

Unity Gain CroSSOll8r Frequency fr Cc=O 15 15 

Cc =47pF 4 4 

Slew Rate SR 

Open Loop Cc=O 30 30 

Closed Loop Cc =56pF 10 10 

Transient Response Cc = 56pF, Cl = 25pF, Rl = 2kn 

Rise Time ~ 
(Voltage Follower) 

0.09 0.09 

Overshoot OS 10 10 

Settling Time (To <0.1%, VIN = 4Vp•p ) ts Cc = 56pF, Cl = 25pF, Rl = 2kn 12 1.2 
(Voltage Follower) 

NOTE: 

1. AHhough a 1 MO source is used for this test, the equivalent input noise remains constant for values of Rs up to 10Mn. 
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CA5130, CA5130A 

Schematic Diagram 
r-------------------: r--------------------------- 1'-----... ----------. 

: "CURRENT SOURCE: 
: LOAD" FOR 011 i BIAS CIRCUIT ! 

• • • • · • • • • • • 
: Z1 
: 8.3V • · • 
: R1 D4 • • i 40kn R2 
• • • L _________ !~ __ 

CURRENT SOURCE FOR 
Q6ANDQ7 

INPUT 
STAGE 

5 -- OFFSET NULL 

NOTE: DIODES os THROUGH D8 PROVIDE GATE OXIDE 
PROTECTION FOR MOSFET INPUT STAGE 

Block Diagram 

• • · • • • 

Q6 

: SECOND 
: STAGE 
• • • • • • • • • • • • • • • , , , , 
• , 

Q11 

- COMPENSATION 

;------------------_ ... _-----_._----_._----------_ ... , 
:C~H : 
: 9------.------~----------._----_r_{7 
• • • • • • , , 
• , 
• • • , , 

OFFSET 
NULL 
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(WHEN REQUIRED) 

SmA" 
GmA-
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7 V+ 

STROBING 4 v-

TOTAL SUPPLY VOLTAGE 
(FOR INDICATED VOLTAGE GAINS) = 15V 

*WITH INPUT TERMINALS BIASED SO THAT 
TERM. 8 POTENTIAL IS +7.SV ABOVE TERM. 4-

**WITH OUTPUT TERMINAL DRIVEN TO EITHER 
SUPPLY RAIL. 



CA5130, CA5130A 

Circuit Description 

The input terminals shown in the block diagram of the 
CAS130 Series CMOS Operational Amplifiers may be oper
ated down to O.SV below the negative supply rail, and the 
output can be swung very close to either supply rail in many 
applications. Consequently, the CA5130 Series circuits are 
Ideal for single supply operation. Three Class A amplifier 
stages. having the individual gain capability and current con
sumption shown in the Block Diagram, provide the total gain 
of the CA5130. A biasing circuit provides two potentials for 
common use In the first and second stages. Term. 8 can be 
used both for phase compensation and to strobe the output 
stage into quiescence. When Term. 8 is tied to the negative 
supply rail (Term. 4) by mechanical or electrical means, the 
output potential at Term. S essentially rises to the positive 
supply rail potential at Term. 7. This condition of essentially 
zero current drain In the output stage under the strobed 
"OFF" condition can only be achieved when the ohmic load 
resistance presented to the amplifier is very high (e.g., when 
the amplifier output is used to drive CMOS digital circuits in 
comparator applications). 

Input Stages 

The circuit of the CA5130 is shown in the Schematic 
Diagram. It consists of a differential Input stage using PMOS 
field-effect transistors (OS, 07) working into a mirror pair of 
bipolar transistors (09, 010) functioning as load resistors 
together with resistors A3 through AS. The mirror pair 
transistors also function as a differential-to-slngle-ended 
converter to provide base drive to the second stage bipolar 
transistor (011). Offset nulling, when desired, can be 
effected by connecting a 100,0000 potentiometer across 
Terms. 1 and S and the potentiometer slider arm to Term. 4. 
Cascade connected PMOS transistors 02, 04 are the 
constant current source for the input stage. The biasing 
circuit for the constant current source Is subsequently 
described. The small diodes 05 through 08 provide gate 
oxide protection against high voltage transients, e.g., 
including static electriCity during handling for 06 and 07. 

Second Stage 

Most of the voltage gain In the CA5130 is provided by the 
second amplifier stage, consisting of bipolar transistor 011 
and its cascade connected load resistance provided by 
PMOS transistors 03 and OS. The source of bias potentials 
for these PMOS transistors is subsequently described. 
Miller-Effect compensation (roll-off) Is accomplished by slm-

ply connecting a small capacitor between Terms. 1 and 8. A 
47pF capaCitor provides sufficient compensation for stable 
unity gain operation in most applications. 

Bias Source Circuit 

At total supply voltages, somewhat above 8.3V, resistor A2 
and zener diode Z1 serve to establish a voltage of 8.3V 
across the series connected circuit, consisting of resistor A1, 
diodes 01 through 04, and PMOS transistor 01. A tap at the 
junction of resistor A1 and diode 04 provides a gate bias 
potential of about 4.5V for PMOS transistors Q4 and 05 with 
respect to Term. 7. A potential of about 2.2V is developed 
across diode connected PMOS transistor 01 with respect to 
Term. 7 to provide gate bias for PMOS transistors 02 and 
03. It should be noted that 01 is "mirror connected" to both 
02 and 03. Since transistors 01, 02, 03 are designed to be 
identical, the approximately 200~ current in 01 establishes 
a similar current in 02 and 03 as constant current sources 
for both the first and second amplifier stages, respectively. 

At total supply voltages somewhat less than 8.3V, zener 
diode Z1 becomes nonconductive and the potential, 
developed across series connected A1, 01-04, and 01, 
varies directly with variations in supply IIOltage. 
Consequently, the gate bias for 04, 05 and 02, 03 varies in 
accordance with supply voltage variations. This variation 
results in deterioration of the power supply rejection ratio 
(PSAA) at total supply voltages below 8.3V. Operation at 
total supply voltages below about 4.SV results in seriously 
degraded performance. 

Output Stage 

The output stage consists of a drain loaded inverting 
amplifier using CMOS transistors operating in the Class A 
mode. When operating Into very high resistance load, the 
output can be swung within mV of either supply rail. Because 
the output stage is a drain loaded amplifier, its gain is 
dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 3. Typical op amp 
loads are readily driven by the output stage. Because large 
signal excursions are nonlinear, requiring feedback for good 
waveform reproduction, transient delays may be 
encountered. As a voltage follower, the amplifier can achieve 
0.01 percent accuracy levels, including the negative supply 
rail. 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Input Current Variation with Common Mode Input Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA5130 Series Op Amps is typically 5pA at TA 
= +250C when terminals 2 and 3 are at a common mode 
potential of +7.5V with respect to negative supply Terminal 4. 
Figure 12 contains data showing the variation of input current 
as.a function of common mode input voltage at TA = +25OC. 
ThIS ~ata shows that circuit deSigners can advantageously 
expl~iI the~ characteristics to design circuits which typically 
require an Input current of less than 1 pA, provided the com
mon mode input voltage does not exceed 2V. As previously 
noted, the input current is essentially the result of the leakage 
current through the gate protection diodes in the Input circuit 
~n~, the':E1fore, a function of the applied voRage. Although the 
finite resistance of the glass terminal-to-case insulator of the 
TO-5 package also contributes an increment of leakage cur
rent, th~re are useful compensating factors. Because the gate 
protectIOn network functions as if it is connected to Terminal 4 
~otential, an~ the T?-5 case of the CA5130 is also internally 
tied to Terminal 4, Input terminal 3 is essentially "guarded" 
from spurious leakage currents. 

Offset Nulling 

Offset .voRage nulling is usually accomplished with a 100,0000 
potentiometer connected across Terms. 1 and 5 and with the 
potentiometer slider arm connected to Term. 4. A fine offset null 
adjustment usually can be effected with the slider arm posi
tioned in the midpoint of the potentiometer's total range. 

Input Current Variation with Temperature 

The input current of the CA5130 Series circuits is typically 
5pA at +25OC. The major portion of this input current is due to 
leakage current through the gate protective diodes in the input 
circuit. As with any semiconductor junction device, including 
op amps with a junction FET input stage, the leakage current 
approximately doubles for every +10oC increase in tempera
ture. Figure 13 provides data on the typical variation of input 
bias current as a function of temperature in the CA5130. 

TA. +125"C FOR 
TO-6 PACKAGES 

DIFFERENTIAL DC VOLTAGE 
(ACROSS TERMS. :I AND 3) • :IV 
OUTPUT STAGE TOGGLED 

1500 2000 2500 3000 3500 4000 

TIME (HOURS) 

FIGURE 14. TYPICAL INCREMENTAL OFFSET VOLTAGE SHIFT 
VI OPERATING LIFE 

In applications requiring the lowest practical input current 
and incremental increases in current because of "warm-up" 
effects, it is suggested that an appropriate heat sink be used 
v.:ith . ~he CA5130. In addition, when "sinking" or "sourcing" 
Significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat
sinking can also very markedly reduce and stabilize input 
current variations. 

Input Offset Voltage (VIO) Variation with DC Bias vs. 
Device Operating Ufe 

It is well known that the characteristics of a MOSIFET device 
can change slightly when a dc gate source bias potential is 
applied to the device for extended time periods. The magni
tude of the change is increased at high temperatures. Users 
of the CA5130 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper
ation at high temperatures with a significant differential dc 
bias voltage applied across Terms. 2 and 3. Figure 14 shows 
typical data pertinent to shifts in offset voltage encountered 
with CA5130 devices (TO-5 package) during life testing. At 
lower temperatures (TO-5 and plastic), for example at 
:85°C, thi~ ch.ange in voltage is considerably less. In typical 
linear applications where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. The 2V 
dc differential voRage example represents conditions when 
the amplifier output stage is "toggled", e.g., as in comparator 
applications. 

Power-Supply Considerations 

Because the CA5130 is very useful in single supply applica
tions, it is pertinent to review some considerations relating to 
power supply current consumption under both single and 
dual supply service. Figures 15A and 15B show the CA5130 
connected for both dual and single supply operation. 
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NEGATIVE 
SUPPLY 

A. DUAL POWER SUPPLY OPERATION 

-rl 
T-= 
i POSITIVE 

... SUPPLY 

B. SINGLE POWER SUPPLY OPERATION 

FIGURE 15. CA5130 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERAnoN 

Dual supply operation: When the output voltage at Term. 6 
is OV, the currents supplied by the two power supplies are 
equal. When the gale terminals of as and 012 are driven 
increasingly positive with respect to ground, current flow 
through 012 (from the negative supply) to the load Is 
increased and current flow through 08 (from the poSitive 

. supply) decreases correspondingly. When the gate terminals 
of 08 and 012 are driven increasingly negative with respect 
to ground, current flow through 08 is increased and current 
flow through 012 is decreased accordingly. 

Single supply operation: Initially. let It be assumed that the 
value of RL is very high (or disconnected), and that the input 
terminal bias (Terms. 2 and 3) is such that the output terminal 
(No. 6) voltage is at V+I2, i.e., the voltage drops across as and 
012 are of equal magnitude. Figure 4 shows typical quiescent 
supply current vs. supply voltage for the CA5130 operated 
under these conditions. Since the output stage is operating as a 
Class A amplifier, the supply current will remain constant under 
dynamic operating conditions as long as the transistors are 
operated in the linear portion of their voltage transfer character
istics (see Figure 3). If either as or 012 are swung out of their 

linear regions toward cutoff (a nonlinear region), there will be a 
corresponding reduction in supply current. In the extreme case, 
e.g., with Term. 8 swung down to ground potential (or tied to 
ground), NMOS transistor 012 is completely cut off and the 
supply current to series connected transistors as, 012 goes 
essentially to zero. The two preceeding stages in the CA5130, 
however, continue to draw modest supply current (see the 
lower curve in Figure 4) 9'Jen though the output stage is strobed 
off. Figure 15A shows a dual supply arrangement for the output 
stage that can also be strobed off, assuming RL = -, by pulling 
the potential of Term. 8 down to that of Term. 4. 

Let it now be assumed that a load resistance of nominal value 
(e.g., 2k.Q) is connected between Term. 6 and ground in the 
circuit of Figure 158. Let it further be assumed again that the 
Input terminal bias (Terms. 2 and 3) Is such that the output ter
minal (No. 6) voltage is at V+I2. Since PMOS transistor as 
must now supply quiescent current to both RL and transistor 
012, it should be apparent that under these conditions the 
supply current must increase as an inverse function of the ~ 
magnitude. Figure 10 shows the voltage drop across PMOS 
transistor as as a function of load current at several supply 
voltages. Figure 3 shows the voltage transfer characteristics 
of the output stage for several values of load resistance. 

Wldeband Noise 

From the standpoint of low noise performance consider
ations, the use of the CA5130 is most advantageous in appli
cations where the source resistance of the input Signal is on 
the order of 1 MO or more. In this case, the total input 
referred noise voltage is typically only 2~V when the test 
circuit amplifier of Figure 16 is operated at a total supply volt
age of 15V. This value of total input referred noise remains 
essentially constant, even though the value of source resis
tance is raised by an order of magnitude. This characteristic 
is due to the fact that reactance of the input capacitance 
becomes a significant factor in shunting the source resis
tance. It should be noted, however, that for values of source 
resistance very much greater than 1 Mn, the total noise volt
age generated can be dominated by the thermal noise con
tributions of both the feedback and source resistors. 

+7.SV 

NOISE 
)--.-00 VOLTAGE 

OUTPUT 

3o.11cQ 

BW (-3dB) = 200kHz 
TOTAL NOISE VOLTAGE (REFERRED 11cQ 
TO INPUT) • 23I'V TYP. _ 

FIGURE 16. TEST -CIRCUrr AMPUFIER (3OdB GAIN) USED FOR 
WlDEBAND NOISE MEASUREMENTS 
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Typical Applications 
Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CA5130. are particularly suited to service as voltage 
followers. Figure 17 shows the circuit of a classical voltage 
follower. together with pertinent waveforms using the 
CA5130 in a split supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Figure 18, together with related waveforms. This follower 
circuit is linear over a wide dynamiC range, as illustrated by 
the reproduction of the output waveform in Figure 18A with 
input signal ramping. The waveforms in Figure 188 show 
that the follower does not lose its input·to-output phase 
sense, even though the input is being swung 7.5V below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator 
applications. Figure 168 also shows the manner in which the 

BW (o3dB) • 4MHz 

SR .10VlIlS 

+7.5V 

CC· 56pF 

2kn 

A. SMALL SIGNAL RESPONSE (SOmVIDIV and 200ns/D1V) 

Top 1l"ace: Output 
Bottom 1l"ace: Input 

CMOS output stage permits the output signal to swing down 
to the negatill9 supply rail potential (i.e., ground in the case 
shown). The digital-ta-analog conll9rter (DAC) circuit. 
described In the follOWing section, illustrates the practical 
use of the CA5130 In a Single supply voltage follower 
application. 

9 Bit CMOS DAC 

A typical circuit of a 9·bit Digital-ta-Analog Conll9rter (DAC)* 
is shown in Figure 19. This system combines the concepts of 
multiple switch CMOS IC's a low cost ladder network of 
discrete metal·oxlde film resistors, a CA5130 op amp 
connected as a follower, and an inexpensive monolithic 
regulator in a simple single power supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10V logic levels are used in the 
circuit of Figure 19. 

* "Digltal·to·Analog Corwerslon Using the Harris CD4007 A CMOS 
IC", Application Note ICAN-6080. 

.;25pF 

B. INPUT OUTPUT DIFFERENCE SIGNAL SHOWING SETTLING 
TIME (MEASUREMENT MADE WITH TEKTRONIX 7A13 DIF· 
FERENTIAL AMPUFlER) 

Top Trace: Output Signal (2VIDt</ and SjIsIDt</) 
Center ll'ace: DIfference Signal (5mVIDiv and SjIsIDiv) 
Bottom ll'ace: Input Signal (2VIDiv and 51&S1D1v) 

FIGURE 17. CA5130 SPLIT SUPPLY VOLTAGE FOLLOWER WITH ASSOCIATED WAVEFORMS 
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OV 

A. OUTPUT WAVEFORM WITH INPUT SIGNAL RAMPING 

(2V101v and 500msIOiv) 

+15V 

2kn 

B. OUTPUT WAVEFORM WITH GROUND REFERENCE SINE 
WAVE INPUT 

Top Trace: Output (5VIOIv and 200jlSlDiv) 
Bottom 1tace: Input (5VIOIv and 200jlSlDiv) 

FIGURE 18. SINGLE SUPPLY VOLTAGE FOLLOWER WITH ASSOCIATED WAVEFORMS. (e.g .. FOR USE IN SINGLE SUPPLYDfA CONVERT
ER; SEE FIGURE 91N ICAN-608O) 

The circuit uses an Rl2R voltage ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power supply 
terminal. Each CD4007A contains three "inverters·, each 
"inverter" functioning as a single pole double throw switch to 
terminate an arm of the Rl2R network at either the positive 
or negative power supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,0000 resistors 
from the same manufacturing lot. 

A single 15V supply provides a positive bus forthe CA5130 
follower amplifier and feeds the CA3085 voltage regulator. A 
"scale adjust" function is provided by the regulator output 
control, set to a nominal 10V level in this system. The line 
voltage regulation (approximately 0.2%) permits a 9 bit 

accuracy to be maintained with variations of several volts in 
the supply. The flexibility afforded by the CMOS building 
blocks simplifies the design of DAC systems tailored to 
particular needs. 

Single Supply, Absolute Value, Ideal Full Wave Rectifier 

The absolute value circuit using the CA5130 is shown in 
Figure 20. During positive excursions, the input signal is fed 
through the feedback network directly to the output. Simulta
neously, the positive excursion of the input signal also drives 
the output terminal (No.6) of the inverting amplifier in a 
negative going excursion such that the 1 N914 diode effec
tively disconnects the amplifier from the signal path. During 
a negative going excursion of the input signal, the CA5130 
functions as a normal inverting amplifier with a gain equal to 
-R2IR1. When the equality of the two equations shown in 
Figure 20 is satisfied, the full wave output is symmetrical. 
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Peak Detectors 

Peak detector circuits are easily implemented with the 
CA5130, as illustrated In Figure 21 for both the peak positive 
and the peak negative circuit. It should be noted that with 
large signal inputs, the bandwidth of the peak negative 
circuit is much less than that of the peak positive circuit. The 
second stage of the CA5130 limits the bandwidth in this 
case. Negative going output signal excursion requires a 
positive going signal excursion at the collector of transistor 
Q11, which is loaded by the intrinsic capacitance of the 
associated circuitry in this mode. On the other hand, during 
a negative going signal excursion at the collector of Q11, the 
transistor functions in active "pull down" mode so that the 
intrinsic capacitance can be discharged more expeditiously. 

Error Amplifier In Regulated Power Supplies 

The CA5130 is an ideal choice for error amplifier service in 
regulated power supplies since it can function as an error 
amplifier when the regulated output voltage is required to 
approach Zero. Figure 22 shows the schematic diagram of a 
40mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from OV to 
13V. Q3 and Q4 in IC2 (a CA3066 transistor array IC) 
function as zeners to provide supply voltage for the CA5130 
comparator (IC1). Q1, Q2, and Q5 in IC2 are configured as a 
low impedance, temperature compensated source of 
adjustable reference voltage for the error amplifier. 

Transistors Q1, 02, Q3, and Q4 in 1C3 (another CA3086 
transistor array IC) are connected in parallel as the series 
pass element. Transistor Q5 in IC3 functions as a current 
limiting device by diverting base drive from the series pass 
transistors, in accordance with the adjustment of resistor R2. 

Figure 23 contains the schematic diagram of a regulated 
power supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1V to 50V 
and currents up to 1A. The error amplifier (IC1) and circuitry 
associated with IC2 function as previously described, 
although the output of IC1 is boosted by a discrete transistor 
(Q4) to provide adequate base drive for the Darlington 
connected series pass transistors Q1, 02. Transistor Q3 
functions in the previously described current limiting circuit. 

MuHlvlbrators 

The exceptionally high input resistance presented by the 
CA5130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with high 
RIC ratios. The circuit diagram of a pulse generator (astable 
multivibrator), with provisions for independent control of the 
"on" and "off" periods, is shown in Figure 24. Resistors R1 
and R2 are used to bias the CA5130 to the midpoint of the 

supply voltage and R3 is the feedback resistor. The pulse 
repetition rate is selected by positioning 51 to the desired 
position and the rate remains essentially constant when the 
resistors which determine "on period" and "off period" are 
adjusted. 

Function Generator 

Figure 25 contains a schematic diagram of a function gener
ator using the CA5130 in the integrator and threshold 
detector functions. This circuit generates a triangular or 
square wave output that can be swept over a 1,000,000:1 
range (0.1 Hz to 100kHz) by means of a single control, R1. A 
voltage control input is also available for remote sweep 
control. 

The heart of the frequency determining system is an opera
tional transconductance amplifier (OTA)", IC1, operated as a 
voltage controlled current source. The output, 10. is a current 
applied directly to the integrating capacitor, C1, in the feed
back loop of the integrator IC2, using a CA5130, to provide 
the triangular wave output. Potentiometer R2 is used to 
adjust the circuit for slope symmetry of positive going and 
negative going signal excursions. 

Another CA5130, IC3, is used as a controlled switch to set 
the excursion limits of the triangular output from the integra
tor circuit. Capacitor C2 is a "peaking adjustment" to 
optimize the high frequency square wave performance of the 
circuit. 

Potentiometer R3 is adjustable to perfect the "amplitude 
symmetry" of the square wave output Signals. Output from 
the threshold detector is fed back via resistor R4 to the input 
of IC1 so as to toggle the current source from plus to minus 
in generating the linear triangular wave. 

• See File No. 475 and ICAN-6668. 

Operation with Output Stage Power·Booster 

The current sourcing and sinking capability of the CA5130 
output stage is easily supplemented to provide power boost 
capability. In the circuit of Figure 26, three CMOS transistor 
pairs in a single CA3600E" IC array are shown parallel 
connected with the output stage in the CA5130. In the Class 
A mode of CA3600E shown, a typical device consumes 
20mA of supply current at 15V operation. This arrangement 
boosts the current handling capability of the CA5130 output 
stage by about 2.5X. 

The amplifier circuit in Figure 26 employs feedback to estab
lish a closed-loop gain of 48dB. The typical large Signal 
bandwidth (-3dS) is 50kHz. 

• See File No. 619 for technical Information. 
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FIGURE 19. 9 BIT DAC USING CMOS DIGITAL SWITCHES AND CA5130 
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FIGURE 23. VOLTAGE REGULATOR CIRCUIT (0.1 TO SOV AT 1A) 
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FIGURE 24. PULSE GENERATOR (ASTABLE MULTIYIBRATOR) WrrH PROVISIONS FOR INDEPENDENT CONTROL OF "ON" AND 
"OFF" PERIODS. 
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FIGURE 25. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,00011 WITH A SINGLE CONTROL) 
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FIGURE 26. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA5130 
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CA5160 
March 1993 

BiMOS Microprocessor Operational Amplifiers 
with MOSFET Input/CMOS Output 

Features 
• MOSFET Input Stage 

o Very High Z.i 1.5TO (1.5 x 10120) TYp. 
o Very Low ~i 5pA TYP. at 15V Operation 

2pA TYP. at 5V OperaUon 

• Common-Mode Input Voltage Range Includes Nega
tive Supply Ralli Input Terminals Can be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Ralls 

• CA5160A, CA5160 Have Fill Military Temperature 
Range Guaranteed Specifications for V+ = 5V 

• CA5160A, CA5160 Are Guaranteed to Operate Down 
to 4.5V for AoL 

• CA5160A, CA5160 Are Guaranteed Up to ±7.5V 

Applications 
• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration Timers/Monostables 

• Ideal Interface With Digital CMOS 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply DlA 
Converter) 

• Wlen-Brldge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 

• 5V Logic Systems 

• Microprocessor Interface 

Pinouts 
CA5160A, CA5160 (CAN) 

TOP VIEW 
SUPPLEMENTARY __ TAB STROBE 
COMPENs~noN 8 ~ 

OFFSET NULL 1 

INY.INPUT 2 

4 

V-ANDCASE 

Description 
CA5160A and CA5160 are integrated circuit operational amplifi
ers that combine the advan!age of both CMOS and bipolar tran
sistors on a monolithic chip. The CA5160 series circuits are 
frequency compensated versions of the popular CA5130 series. 
They are designed and guaranteed to operate in microprocessor 
or logic systems that use +5V supplies. 

Gate·protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input impedance, 
very low input current. and exceptional speed performance. The 
use of PMOS field effect transistors in the input stage results in 
common-mode input voltage capability down to O.5V below the 
negative supply terminal. an important attribute in single supply 
applications. 

A complementary symmetry MOS (CMOS) transistor pair. capa
ble of swinging the output voltage to within 10mV of either supply 
voHage terminal (at very high values of load impedance). is 
employed as the output circuit. 

The CA5160 Series circuits operate at supply voltages ranging 
from +5V to + 16V. or ±2.5V to:J:BV when using split supplies, and 
have terminals for adjustment of offset voltage for applications 
requiring offset-null capabilil}< Terminal provisions are also made 
to permit strobing of the output stage. They have guaranteed 
specifications for 5V operation over the full military temperature 
range of -55°C to + 125OC. 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

CA5160AE -55"C to + 12SoC 8 Lead Plastic DIP 

CA5160AT -SSOC to +12SoC 8 Pin Can 

CA5160AM -SSoC to +12Soo 8 LeadSOIC 

CA5160M -SSoC to +12SoC 8 LeadSOIC 

CA5160E -SSoC to +125°C 8 Lead Plastic DIP 

CA5160T -sSOC to +12SoC 8 Pin Can 

CA5160A. CA5160 (PDtP, SOIC) 
TOP VIEW 

OFFSET NULL 1 

INY.INPUT 2 

NON INY.INPUT 3 

5 OFFSET NULL 

CA5160 Series d6Yices haw an on-c~ frequency ~ion netv.OO<. s~ ~tion or frequency roIklII (I desired) can be c0n

nected externally between tenri1aIs 1 and 8. 

CAUTION: These devices are sansltlva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @Harris Corporation 1993 

File Number 1924.2 
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Absolute Maximum Ratings 
Supply Voltage 
(Between v+ and V- Terminals) •••.••••••••.••.••.•.•..• 16V 
Dlfferentlallnput Voltage .••...•••.•••.•••••••••••••••••• 8V 
DC Input Voltage •..••••.•..••.•••••••• (V+ +8V) to (V- -O.5V) 
Input Current. ...•...•......•...•..••..••••.•.••.•••• 1 rnA 
Output Short Circuit Duration (Note 2) •••••••••••••••• Indefinite 
Junction Temperalure. • • . . . . . • . . . . • . . . . . • . • . . . . . . . • + 175°C 
Junction Temperature (Plastic Package) ....•.•.••....• + 15O"C 
Lead Temperature (Soldering 10 Sec.) .....•••..•.....• +3000C 

Operating Conditions 
Operating Temperature Range •••..•.••••••••• -5500 to + 125°C 
Storage Temperature Range ••••••...••..••.•. -6500 to +1SOOC 
Output Short Circuit Duration (Note 1) .••.••..•..•.•.• Indefinite 

CAUTION: Stresses abo ... those listed In "Absolute Maximum Ra6ngs" may cause permanent damage to 1M davfce. This Is a stress only rating and operation 
of the devfce at IMse or any other conditions abo ... those indicated in 1M operational sections of this specification Is not impHed. 

Electrical Specifications TA = +2500, V+ = 5V, V- = OV, Unless Otherwise Specified 

UMITS 

CA5160A CA5160 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO Vo =2.5V - 1.5 4 - 2 10 mV 

Input Offset Current 110 Vo =2.5 V - 0.1 5 - 0.1 10 pA 

Input Current II Vo =2.5V - 2 10 - 2 15 pA 

Common Mode Rejection Ratio CMRR VCM =Oto 1V 75 87 - 70 80 - dB 

VCM = 0 to 2.5V 80 69 - 60 69 - dB 

Common Mode Input Voltage VICR+ 2.5 2.8 - 2.5 2.8 - V 
Range 

VICR- - -0.5 0 - -0.5 0 V 

Power Supply Rejection Ratio PSRR IN+ = 1V; IN- = 1V 60 75 - 55 67 - dB 

Large Signal Voltage Gain Aol 
(Note 1) 

Vo = 0.1 t04.1V Rl=oo 100 117 - 95 117 - dB 

Vo=0.1 t03.6V Rl =10kn 90 102 - 85 102 - dB 

Source Current ISOURCE Vo=OV 1.0 3.1 4.0 1.0 2.2 4.0 rnA 

Sink Current ISINK Vo=5V 1.0 1.6 4.0 1.0 3.4 4.0 rnA 

Maximum Output VoHage VOUT 

VOM+ 1\=00 4.99 5 - 4.99 5 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ Rl =10W 4.4 4.7 - 4.4 4.7 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ Rl =2W 2.5 3.3 - 2.5 3.3 - V 

VOM- - 0 0.01 - 0 0.01 V 
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Electrical Specifications TA = +25OC, V+ = 5V, V- = OV, Unless Otherwise Specified (Continued) 

LIMITS 

CA5160A CA5160 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Supply Current ISUPPLY Vo=OV - 50 100 - 50 100 tAA 

ISUPPLY Vo =2.5V - 320 400 - 320 400 tAA 

NOTE: 

1. For V+ = 4.5V and V- = GND; VOLrr = 0.5V to 3.2V at IX= 10kn. 

2. Short circuit may be applied to ground or to either supply. 

Electrical Specifications TA =--55°C to +125°C, V+ = 5V, V- = OV, Unless Otherwise Specified 

UMITS 

CA5160A CA5160 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO Vo =2.5V - 2 10 - 3 15 mV 

Input Offset Current 110 Vo =2.5 V - 0.1 5 - 0.1 10 nA 

Input Current II Vo =2.5V - 2 10 - 2 15 nA 

Common Mode Rejection Ratio CMRR VCM =Oto 1V 60 80 - 60 80 - dB 

VCM = 0 to 2.5V 55 80 - 50 75 - dB 

Common Mode Input Voltage VICR+ 2.5 2.8 - 2.5 2.8 - V 
Range 

VICR- - -0.5 0 - -0.5 0 V 

Power Supply Rejection Ratio PSRR AV+=2V 45 65 - 40 60 - dB 

Large Signal Voltage Gain AoL 
(Note 1) 

Vo=0.1 to4.1V RL=co 94 110 - 90 110 - dB 

Vo =0.1 to 3.6V RL=10kn 80 100 - 75 100 - dB 

Source Current ISOURCE Vo=OV 0.6 2.2 5.0 0.6 - 5.0 rnA 

Sink Current ISINK Vo=5V 0.6 1.15 5.0 0.6 - 5.0 rnA 

Maximum Output Voltage VOUT 

VOM+ RL=co 4.99 5 - 4.99 5 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ RL=10kn 4.0 4.3 - 4.0 4.3 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ IX = 2kn 2.0 2.5 - 2.0 2.5 - V 

VOM- - 0 0.01 - 0 0.Q1 V 
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Electrical Specifications TA = -55°C to +1250 C, V+ = 5V, v- = OV, Unless Otherwise Specified(Contlnued) 

LIMITS 

CA5160A CA5160 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Supply Current 

Vo=OV ISUPPLY - 170 220 - 170 220 IIA 

Vo =2.5V IsuPPLY - 410 500 - 410 500 IIA 

NOTE: 

1. For v+ = 4.5V and V- = GND; VOUT = 0.5V to 3.2V at RL = 10kn. 

Electrical Specifications TA = +25°C. V+ = 15V, V- = OV, Unless Otherwise Specified 

LIMITS 

CA5160A CA5160 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO V± =±7.5V - 2 5 - 6 15 mV 

Input Offset Current 110 V± =±7.5V - 0.5 20 - 0.5 30 pA 

Input Current II V±=±7.5V - 5 30 - 5 50 pA 

Large Signal Voltage Gain AoL Vo= 10Vp•p 50 320 - 50 320 - kVN 
RL=2kn 

94 110 - 94 110 - dB 

Common Mode Rejection Ratio CMRR 80 95 - 70 90 - dB 

Common Mode Input Voltage VICR 10 -0.5 to 0 10 -0.5 to 0 V 
Range 12 12 

Power Supply Rejection Ratio PSRR 11V+= 1V;/!N-= 1V - 32 150 - 32 320 IlVN 
V±=±7.5V 

Maximum Output Voltage VOUT 

VOM+ RL=2kn 12 13.3 - 12 13.3 - V 

VOM- - 0.002 0.01 - 0.002 0.01 V 

VOM+ RL=oo 14.99 15 - 14.99 15 - V 

VOM- - 0 0.D1 - 0 0.1 V 

Maximum Output Current 10 

IoM+ (Source) Vo=OV 12 22 45 12 22 45 mA 

10M (Sink) Vo= 15V 12 20 45 12 20 45 mA 

Supply Current 1+ RL = 00, Vo = 7.5V - 10 15 - 10 15 mA 

RL =00, Vo = OV - 2 3 - 2 3 mA 

Input Offset Voltage Temp. Drift INidl1.T - 6 - - 8 - IlVf'C 
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Typical Values Intended Only for Design Guidance TA = +250C, v+ = +7.5V, v- = -7.5V (Unless Otherwise Specified) 

LIMITS 

CA5160A CA5160 
TEST 

PARAMETERS SYMBOL CONDITIONS TYP TVP UNITS 

Input Offset Voltage Adjustment Range 10kO Across Terminals 4 and 5 or 4 and 1 ±22 ±22 mV 

Input Resistance RI 1.5 1.5 TO 

Input Capacitance CI 1= lMHz 4.3 4.3 pF 

Equivalent Input Noise Voltage eN BW = 0.2MHz, Rs = lMO 40 40 I1V 

BW = 0.2MHz, Rs = 10MO 50 50 I1V 

Equivalent Input Noise Voltage eN Rs = 1000, 1 kHz 72 72 nVNHz 

Rs = 1000, 10kHz 30 30 nVl..fHz 

Unity Gain Crossover Frequency IT 4 4 MHz 

Slew Rate SR 10 10 Vll1s 

Transient Response Cc = 25pF, RL = 2kO 

RiseTlme tR 
(Voltage Follower) 

0.09 0.09 I1S 

Overshoot OS 10 10 % 

Settling TIme (To <0.1%, VIN = 4Vp•pl ts Cc = 25pF, RL = 2kO 1.8 1.8 I1S 
(Voltage Follower) 

Block Diagram 

.&.0 ........................... 0. ....................................................................... u ............... .. 

! 
r-------.-------~~----------~~-----+-f7 v+ 

200flA 1.35mA 200~A 

I BIASCKT. I 
1 I 

1 
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SmA 
(NOTE 11 
OmA 
(NOTE 2) 

NOTE: Total supply voltage (lor indicated 
voltage gains) = 15V 

1. With input terminals biased so that Termi
nal6 potential Is +7.5V above terminal 4. 

2. With output terminal driven to either 
supply rail. 

4 v-
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Schematic Diagram 
.. ---_ ... _-------------" -------------_ ..... _-_ ..... _-_ ............. _'\ 
: BIAS CIRCUIT : : CURRENT SOURCE : 7 V+ 
: : : FOR Q6 AND Q7 : 

: 
: · · · · · · · · : 
: · · · · : · · · · 

Z1 
8.3V 

R1 
40k.n 

R2 
5k.n 

~---- ...... -....... --... --- ... --

. : 
INV.INPUT: 

• • : • • , , , , , , , , , , , 

• • • • • • • • _. 

!---------

Q2 

Q4 

OFFSET NULL 

, , , , , , , , 
" " " " " 
" 
" " , , , , , , 
" , , , , , , 
: : SECOND 
: : STAGE 

" " , , 
" , , , , , , , , , , , , 

2k.n 

30 
pF 

SUPPLEMENTARY 
COMP IF DESIRED 

, , . , 
! :OUT .. ijj--------
:: STAGE 08 

" , . , , , , :, 

NOTE: Diodes 05 Through 07 Provide Gate Oxide Protection For MOSFET Input Stage 

Circuit Description 

Refer to the block diagram of the CA5160 series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli
cations. Consequently, the CA5160 series circuits are ideal 
for single supply operation. Three class A amplifier stages, 
having the individual gain capability and current consump
tion shown in the block diagram, provide the total gain of the 
CA51S0. A biasing circuit provides two potentials for com
mon use in the first and second stages. Terminals 8 and 1 
can be used to supplement the internal phase compensation 
network if additional phase compensation or frequency roll
off is desired. Terminals 8 and 4 can also be used to strobe 
the output stage into a low quiescent current state. When 
Terminal 8 is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output potential at Ter
minalS essentially rises to the positive supply rail potential at 
Terminal 7. This condition of essentially zero current drain in 
the output stage under the strobed "OFP' condition can only 
be achieved when the ohmic load resistance presented to 

the amplifier is very high (e.g., when the amplifier output is used 
to drive CMOS digital circuits in comparator applications). 

Input Stages· The circuit of the CA51S0 is shown in the 
schematic diagram. It consists of a differential input stage 
using PMOS field effect transistors (Q6, Q7) working into a 
mirror pair of bipolar transistors (Q9, Q10) functioning as 
load resistors together with resistors R3 through RS. The 
mirror pair transistors also function as a differential-to-single
ended converter to provide base drive to the second-stage 
bipolar transistor (011). Offset nulling, when desired, can be 
effected by connecting a 100,000 ohm potentiometer across 
Terminals 1 and 5 and the potentiometer slider arm to Termi
nal4. 

Cascode-connected PMOS transistors 02, Q4, are the con
stant current source for the input stage. The biasing circuit 
for the constant current source is subsequently described. 
The small diodes 05 through 07 provide gate-oxide protec
tion against high voltage transients, including static electric
ity during handling for OS and 07. 
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CA5160A, CA5160 

Second Stage 

Most of the voltage gain in the CA5160 is provided by the 
second amplifier stage, consisting of bipolar transistor Q11 
and its cascode-connected load resistance provided by 
PMOS transistors Q3 and Q5. The source of bias potentials 
for these PMOS transistors is described later. Miller Effect 
compensation (roll off) is accomplished by means of the 30pf 
capacitor and 2kO resistor connected between the base and 
collector of transistor Q11. These internal components pro
vide sufficient compensation for unity gain operation in most 
applications. However, additional compensation, if desired, 
may be used between Terminals 1 and 8. 

Bias-Source Circuit - At total supply voltages, somewhat 
above 8.3 volts, resistor R2 and zener diode Z1 serve to 
establish a voltage of 8.3 volts across the series connected 
circuit, consisting of resistor R1, diodes 01 through 04, and 
PMOS transistor Q1. A tap at the junction of resistor R1 and 
diode 04 provides a gate bias potential of about 4.5 volts for 
PMOS transistors Q4 and Q5 with respect to Terminal 7. A 
potential of about 2.2 volts is developed across diode con
nected PMOS transistor Q1 with respect to Terminal 7 to 
provide gate bias for PMOS transistors Q2 and Q3. It should 
be noted that Q1 is "mirror connected" to both Q2 and Q3. 
Since transistors Q1, Q2 and Q3 are designed to be identi
cal, the approximately 200-microampere current in Q1 
establishes a similar current in Q2 and Q3 as constant cur
rent sources for both the first and second amplifier stages, 
respectively. 

Typical Performance Curves 
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FIGURE 1. OPEN- LOOP VOLTAGE GAIN AND PHASE SHIFT 
va FREQUENCY 

At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes non-conductive and the potential, devel
oped across series connected R1, 01-04, and Q1 varies 
directly with variations in supply voltage. Consequently, the 
gate bias for Q4, Q5 and Q2, Q3 varies in accordance with 
supply voltage variations. This variation results in deteriora
tion of the power supply rejection ration (PSRR) at total sup
ply voltages below 8.3 volts. Operation at total supply 
voltages below about 4.5 volts results in seriously degraded 
performance. 

Output Stage· The output stage consists of a draiil loaded 
inverting amplifier using CMOS transistors operating in the 
Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either sup
ply rail. Because the output stage is a drain loaded amplifier, 
its gain is dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 3. Typical op-amp 
loads are readily driven by the output stage. Because large 
signal excursions are nonlinear, requiring feedback for good 
waveform reproduction, transient delays may be encoun
tered. As a voltage follower, the amplifier can achieve 0.01 
percent accuracy levels, including the negative supply rail. 
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Typical Performance Curves 
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Typical Performance Curves 
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Offset Nulling 

Offset voltage nulling is usually accomplished with a 
100,000n potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to Termi
nal 4. A fine offset null adjustment usually can be affected 
with the slider arm positioned in the mid point of the potenti
ometer's total range. 

Input Current Variation with Common Mode Input 
Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA5160 Series Op-Amps is typically 5pA at 
TA = +250C when Terminals 2 and 3 are at a common-mode 
potential of +7.5 volts with respect to negative supply Termi
nal4. Figure 13 contains data showing the variation of input 
current as a function of common-mode input voltage at TA = 
+25°C. These data show that circuit designers can advanta
geously exploit these characteristics to design circuits which 
typically require an input current of less than 1pA, provided 
the common-mode input voltage does not exceed 2 volts. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-to-case 
insulator of the TO-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
Because the gate-protection network functions as if it is con
nected to Terminal 4 potential, and the TO-5 case of the 
CA5160 is also internally tied to Terminal 4, input terminal 3 
is essentially "guarded" from spurious leakage currents. 
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FIGURE 13. CA5160 INPUT CURRENT vs COMMON MODE 
VOLTAGE 

Input Current Variation with Temperature 

The input current of the CA5160 series circuits is typically 5 
pA at +250C. The major portion of this input current is due to 
leakage current through the gate protective diodes in the 
input circuit. As with any semiconductor-junction device, 

including op amps with a junction-FET input stage, the 
leakage current approximately doubles for every 1 DoC 
increase in temperature. Figure 14 provides data on the 
typical variation of input bias current as a function of 
temperature in the CA5160. 

In applications requiring the lowest practical input current 
and incremental increases in current because of "warm-up" 
effects, it is suggested that an appropriate heat sink be used 
with the CA5160. In addition, when "sinking" or "sourcing" 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat
sinking can also very markedly reduce and stabilize input 
cu rrent variations. 
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FIGURE 14. INPUT CURRENT vs AMBIENT TEMPERATURE 

Input Offset Voltage (VIO) Variation with DC Bias vs 
Device Operating Life 

It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni
tude of the change is increased at high temperatures. Users 
of the CA5160 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper
ation at high temperatures with a significant differential dc 
bias voltage applied across Terminals 2 and 3. Figure 15 
shows typical data pertinent to shifts in offset voltage 
encountered with CA5160 devices in TO-5 packages during 
life testing. At lower temperatures (TO-5 and plastic) for 
example at +850C, this change in voltage is considerably 
less. In typical linear applications where the differential volt
age is small and symmetrical, these incremental changes 
are of about the same magnitude as those encountered in 
an operational amplifier employing a bipolar transistor input 
stage. The two-volt dc differential voltage example repre
sents conditions when the amplifier output state is "toggled", 
e.g., as in comparator applications. 
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7 . 
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FIGURE 15. TYPICAL INCREMENTAL OFFSET-VOLTAGE 
SHIFT VB OPERATING LIFE 

Power Supply Considerations 

Because the CA5160 is very useful in single-supply applica
tions. it is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figures 16A and 16B show the CA5160 
connected for both dual and single-supply operation. 

Dual-supply Operation: When the output voltage at Termi
nal 6 is zero-volts. the currents supplied by the two power 
supplies are equal. When the gate terminals of 08 and 012 
are driven increasingly positive with respect to ground. cur
rent flow through 012 (from the negative supply) to the load 
is increased and current flow through 08 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of 08 and 012 are driven increasingly negative with respect 
to ground. current flow through 08 is increased and current 
flow through 012 is decreased accordingly. 

Single Supply Operation: Initially. let it be assumed that the 
value of RL is very high (or disconnected). and that the input
terminal bias (Terminals 2 and 3) is such that the output ter
minal (Number 6) voltage is at V+l2. i.e .• the voltage-drops 
across 08 and 012 are of equal magnitude. Figure 4 shows 
typical quiescent supply-current vs supply-voltage for the 
CA5160 operated under these conditions. Since the output 
stage is operating as a Class A amplifier. the supply-current 
will remain constant under dynamic operating conditions as 
long as the transistors are operated in the linear portion of 
their voltage transfer characteristics (see Figure 3). If either 
08 or 012 are swung out of their linear regions toward cutoff 
(a nonlinear region). there will be a corresponding reduction 
in supply-current. In the extreme case. e.g .• with Terminal 8 
swung down to ground potential (or tied to ground). NMOS 
transistor 012 is completely cut off and the supply-current to 
series-connected transistors 08. 012 goes essentially to 
zero. The two preceding stages in the CA5160. however. 
continue to draw modest supply-current (see the lower curve 
in Figure 4) even through the output stage is strobed off. Fig
ure 16A shows a dual-supply arrangement for the output 
stage that can also be strobed off. assuming RL = 00. by pull
ing the potential of Terminal 8 down to that of Terminal 4. 

Let it now be assumed that a load-resistance of nominal 
value (e.g .• 2 kilohms) is connected between Terminal 6 and 
ground in the circuit of Figure 16B. Let it.further be assumed 
again that the input terminal bias (Terminals 2 and 3) is such 
that the output terminal (Number 6) voltage is V+I2. Since 
PMOS transistor 08 must now supply quiescent current to 
both RL and transistor 012. it should be apparent that under 
these conditions the supply current must increase as an 
inverse function of the RL magnitude. Figure 10 shows the 
voltage drop across PMOS transistor 08 as a function of 
load current at several supply voltages. Figure 3 shows the 
voltage transfer characteristics of the output stage for sev
eral values of load resistance. 

- rJ.. 
""":"'" ":" 

! POSITIVE 
J.. SUPPLY 

(A) DUAL POWER-SUPPLY OPERATION 

- rJ.. 
T POSITIVE 1. SUPPLY 

(B) SINGLE POWER-SUPPLYOPERAnON 

FIGURE 16. CA5160 OUTPUT STAGE IN DUAL AND SINGLE 
POWER-SUPPLY OPERATION 
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W1deband Noise 

From the standpoint of low-noise performance consider
ations, the use of the CA5160 is most advantageous in appli
cations where in the source resistance of the input signal is U 
on the order of 1 megohm or more. In this case, the total --'Y~--< 
input-referred noise voltage is typically only 40l1V when the lOkn 
test-circuit amplifier of Figure 17 is operated at a total supply 
voltage of 15 volts. This value of total input-referred noise 
remains essentially constant, even though the value of 
source resistance is raised by an order of magnitude. This 
characteristic is due to the fact that reactance of the input 
capacitance becomes a significant factor in shunting the 
source resistance. It should be noted, however, that for val-

· · · · • • · • · • · · · -• 

2110 

;~: =~LATED 
• LOAD ues of source resistance very much greater than 1 megohm, 

the total noise voltage generated can be dominated by the ~~ ~1:~k: 4MHz 
thermal noise contributions of both the feedback and source 

-=- CAPACITANCE 

resistors. 

-7.SV 

BW (-3dB) • 200kHz 
TOTAL NOISE VOLTAGE 
(REFERRED INPUT) • .o"V TYP 

30.1110 

1110 

NOISE 
VOLTAGE 
OUTPUT 

FIGURE 17. TEST-CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENTS 

Typical Applications 
Voltage Followers 

Operational amplifiers with very high input reSistances, like 
the CA5160, are particularly suited to service as voltage fol
lowers. Figure 18 shows the circuit of a classical voltage fol
lower, together with pertinent waveforms using the CA5160 
in a split supply-configuration. 

A voltage follower, operated from a single-supply, is shown in 
Figure 19 together with related waveforms. This follower cir
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform In Figure 19B with input
Signal ramping. The waveforms in Figure 19C show that the 
follower does not lose its input-to-output phase-sense, even 
though the input is being swung 7.5 volts below ground poten
tial. This unique characteristic Is an important attribute in both 
operational amplifier and comparator applications. Figure 19C 
also shows the manner in which the CMOS output stage per
mits the output signal to swing down to the negative supply rail 
potential (i.e., ground in the case shown). The digital-te-ana
log converter (OAC) circuit, described in the following section, 
illustrates the practical use of the CA5160 in a single-supply 
voltage follower application. 

(A) 

(B) SMALL SIGNAL RESPONSE 
Top Trace: Output 

Bottom Trace: Input 

(C) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SETILING 
TIME 

Top Trace: Output Signal 
Center Trace: Difference Signal 5mV/Dlv. 
Bottom Trace: Input Signal 

FIGURE 18. SPLIT-SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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9-Blt CMOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 20. This system combines the concepts of 
multiple-switch CMOS IC's, a low cost ladder network of dis
crete metal-oxide-film resistors, a CA5160 op amp con
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10 volt logic levels are used in 
the circuit of Figure 20. 

• "Dlgital-to-Analog Conversion Using the Harris CD4007 A CMOS 
IC", Application Note AN-6080. 

The circuit uses an Al2R voltage-ladder network, with the 
output-potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter
minal. Each CD4007A contains three "inverters", each 
"inverter" functioning as a single-pole double-throw switch to 
terminate an arm of the Al2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,0000 resistors 
from the same manufacturing lot. 

A single 15-volt supply provides a positive bus for the 
CA5160 follower amplifier and feeds the CA3085 voltage 
regulator. A 'scale-adjusf' function is provided by the regula
tor output control, set to a nominal 10-volt level in this sys
tem. The line-voltage regulation (approximately 0.2%) 
permits a 9-bit accuracy to be maintained with variations of 
several volts in the supply. The flexibility afforded by the 
CMOS building blocks simplifies the design of DAC systems 
tailored to particular needs. 

Error Amplifier In Regulated Power Supplies 

The CA5160 is an Ideal choice for error-amplifier service In 
regulated power supplies since it can function as an error
amplifier when the regulated output voltage Is required to 
approach zero. 

The circuit shown in Figure 21 uses a CA5160 as an error 
amplifier in a continuously adjustable l-ampere power sup
ply. One of the key features of this circuit is its ability to regu
late down to the vicinity of zero with only one dc power 
supply input. 

An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents 'urn-on over
shoof', a condition typical of many operational-amplifier reg
ulator circuits. As the amplifier becomes operational, this RC 
network ceases to have influence on the regulator perfor
mance. 

10kn 

O.1"F 

(A) 

(8) OUTPUT SIGNAL WITH INPUT -SIGNAL RAMPING. 

o 

o 

(C) OUTPUT-WAVEFORM WITH GROUND-REFERENCE SINE
WAVE INPUT 

Top Trace: Output 
Bottom Trace: Input 

FIGURE 19. SINGLE-SUPPLY VOLTAGE-FOLLOWER WITH 
ASSOCIATED WAVEFORMS. (._g~ FOR USE IN SIN
GLE-SUPPLY DlA CONVERTER; SEE FIGURE 9 IN 
A~080) 
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FIGURE 20. 9-BIT DAC USING CMOS DIGITAL SWITCHES AND CA5160 
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Precision Voltage-Controlled Oscillator 

The circuit diagram of a precision voltage-controlled oscilla
tor is shown in Figure 22. The oscillator operates with a 
tracking error on the order of 0.02 percent and a temperature 
coefficient of 0.01 %/"C. A multivibrator (AI) generates 
pulses of constant amplitude (V) and width (T2). Since the 
output (terminal 6) of Al (a CA5130) can swing within about 
10 millivolts of either supply-rail. the output pulse amplitude 
(V) is essentially equal to V+. The average output voltage 
(Eavg = V T~I) is applied to the non-inverting input terminal 
of comparator A2 (a CA5160) via an integrating network R3• 
C2• Comparator ~ operates to establish circuit conditions 
such that Eavg = V1. This circuit condition is accomplished by 
feeding an output signal from terminal 6 of ~ through R4• 04 

. to the inverting terminal (terminal 2) of AI. thereby adjusting 
the multivibrator intervel. T 3. 

Voltmater With High Input Resistance 

The voltmeter circuit shown in Figure 23 illustrates an appli
cation in which a number of the CA5160 characteristics are 
exploited. Range-switch SW1 is ganged between input and 
output circuitry to permit selection of the proper output volt· 
age for feedback to Terminal 2 via 10kQ current-limiting 
resistor. The circuit is powered by a single 8.4 volt mercury 
battery. With zero input Signal. the circuit consumes some
what less than 500 microamperes plus the meter current 
required to indicate a given voltage. Thus. at full-scale input. 
the total supply current rises to slightly more than 1500 
microamperes. 

2N6385 
PONER DARUNGTON 

SHORT·CIRCUIT CURRENT 
UMIT ADJUSTMENT 

INPUT40V 
+ 

2Akn 
lW 

D.2"F 
TURN 

ON 
DELAY 

l00kn 

2.21en 

1.5kn 
lW 

+ S"F 

CA3086 -,_. _.------ ------ ---
:10 11 2 1 , , 
: , , 
: 8 7 , , , , 

---. , , , , , , , 
• 

14 : • , 
• • : 6 4 13: 

'-. ... ....... _-- ------ ---.. ..._ .. ' 
lkn 

Clen 

4.7kn 

SOlen 1001en 

56pF 

10kn 

43kn 

8.2 
len 

OUTPUT 
OV - 35V 
ATIA 

+ 
100JLF 

Hum and Noise OUtput < 250I1VRMS: 
Regulation (No Load to Full Load) <0.005%; 
Input Regulation < 0.01 %IV 

FIGURE 21. CA5160 VOLTAGE REGULATOR CIRCUIT (0.1 TO 35V AT 1A). 
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(V+) 
+15V 

R5 
100K 

R6 
100K 

SW1A 3V 

INPUT 1V 

1 300mV 

100mV 

30 V 

10mV 

CA5160A, CA5160 

10K 

VCO CONTROL VOLTAGE (V~ 
IOV -10V) 

(SENSitiVITY. 1 kH:rIV) 

1M 

R43K 

FIGURE 22. VOLTAGE CONTROLLED OSCILLATOR 

3V SW1a 

1V 
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100mV 

30 V 

10 V 
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FIGURE 23. CA5160A HIGH INPUT RESISTANCE DC VOLTMETER 
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BUFFER 
VOlTAGE FOLLOWER 

CENTERING 
100kO 

THRESHOLD 
DETECTOR 

-7.SV~+7.SY 

= 

1kO 

1kO 

2Mn 

MAXFREQ 
SET 

MIN. FREQ.SET 

7.SY o-.<W\r--..J,(o"""-..J,(o"""-~'v-- -7.5Y 
101<0 6.21<0 5000 

FREQ 
ADJUST 

5000 

(B) TWO-TONE OUTPUT SIGNAL FROM THE FUNCTION GEN
ERATOR. A SQUARE WAVE SIGNAL MODULATES THE EX
TERNAL SWEEPING INPUT TO PRODUCE 1Hz AND 1MHz, 
SHOWING THE 1,000,00011 FREQUENCY RANGE OF THE 
FUNCTION GENERATOR 

(A) 

+7.SY 

2kO 

(C) TRIPLE-TRACE OF THE FUNCTION GENERATOR SWEEP
ING TO 1 MHz. THE BOTTOM TRACE IS THE SWEEPING SIG
NAL AND THE TOP TRACE IS THE ACTUAL GENERATOR 
OUTPUT. THE CENTER TRACE DISPLAYS THE 1MHz SIG
NAL VIA DELAYED OSCILLOSCOPE TRIGGERING OF THE 
UPPER SWEPT OUTPUT SIGNAL 

FIGURE 24. CA5160 1,000,00011 SINGLE CONTROL FUNCTION GENERATOR -1MHz TO 1Hz 
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+1SV 
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Top Trace: Staircase Output 2V Steps 
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Bottom Trace: Oscillator 

FIGURE 25. STAIRCASE GENERATOR CIRCUIT UTILIZING 
THREE CMOS OPERATIONAL AMPUFIERS 

Function Generator 

A function generator having a wide tuning range is shown in Fig
ure 24. The adjustment range, in excess of 1,000,000'1, is 
accomplished by a single potentiometer. Three operational 
amplifiers are utHized: a CA5160 as a voltage follower, a CA3080 
as a high-speed comparator, and a second CA3080A as a pr0-

grammable current source. Three variable capacitors C1, C2, 
and C3 shape the triangular signal between 500kHz and 1 MHz. 
Capacitors C4, C5, and the trimmer potentiometer in series with 
C5 maintain essentially constant (±10%) amplitude up to 1 MHz. 

Staircase Generator 

Figure 25 shows a staircase generator circuit utilizing three 
CMOS operational amplifl8lS. Two CA513O's are used; one as a 
multivibrator, the other as a hysteresis switch. The third ampli
fier, a CA5160, is used as a linear staircase generator. 

1001en 

(A) 

Plcoammeter Circuit 

Figure 26 is a current-ta-voltage converter configuration uti
lizing a CA5160 and CA3140 to provide a picoampere meter 
for ±3pA full-scale meter deflection. By placing Terminals 2 
and 4 of the CA5160 at ground potential, the CA5160 Input 
is operated in the "guarded mode". Under this operating con
dition, even slight leakage resistance present between Ter
minals 3 and 2 or between Terminals 3 and 4 would result in 
zero voltage across this leakage resistance, thus substan
tially reducing the leakage current. 

If the CA5160 is operated with the same voltage on input 
Terminals 3 and 2 as on Terminal 4, a further reduction in the 
input current to the less than one picoampere level can be 
achieved as shown in Figure 13. 

To further enhance the stability of this circuit, the CA5160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the sup
ply current to the device. 

The CA3140 stage serves as a X100 gain stage to provide 
the required plus and minus output swing for the meter and 
feedback network. A 100-to-1 voltage divider network con
sisting of a 9.9kn resistor in series with a 1000 resistor sets 
the voltage at the 10GO resistor (in series with Terminal 3) to 
±3OmV full-scale deflection. This 30mV signal results from 
±3V appearing at the top of the voltage divider network 
which also drives the meter circuitry. 

By utilizing a switching technique in the meter circuit and in 
the 9.9kn and 10Dn network similar to that used in voltmeter 
circuit shown in Figure 23, a current range of 3pA to 1 nA full 
scale can be handled with the single 1000 resistor. 
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5.6110 

FIGURE 26. CURRENT-To-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH ±3pA FULL SCALE DEFLECTION 
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FIGURE 27. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM, INPUT OV TO 10V 
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Single Supply Sample-and-Hold System 

Figure 27 shows a single-supply sample-end-hold system 
using a CA5160 to provide a high Input Impedance and an 
input-voltage range of OV to 10V. The output from the input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output integrator and storage capacitor. The 
CA3140 was chosen because of its low output impedance 
end constant gain-bandwidth product. Pulse "droop" during 
the hold interval can be reduced to zero by adjusting the 
l00k.Q bias-voltage potentiometer on the positive input of 
the CASl40. This zero adjustment sets the CAS080A output 
voltage at its zero current position. In this sample-and-hold 
circuit it is essential that the amplifier bias current be 
reduced to zero to minimize output signal current during the 
hold mOde. Even with 32DmV at the amplifier bias circuit ter
minal (5) at least ±100pA of output current will be available. 

Wlen Bridge Oscillator 

A simple, single-supply Wien Bridge oscillator using a 
CAS160 is shown in Figure 28. A pair of parallel-connected 
lN914 diodes comprise the gain-setting network which stan
dardizes the output voltage at approximately 1.1 V. The soon 
potentiometer is adjusted so that the oscillator will always 
start and the oscillation will be maintained. Increasing the 
amplitude of the voltage may lower the threshold level for 
starting and for sustaining the oscillation, but will introduce 
more distortion. 

A.2OdB 
LARGE SIGNAL 
BW (-3dB) = 190kHz 

11'1' 
+ 

S8011n 

1Mn 

2011n 

R1 
10011n 

R2 
10011n 

1 
f. 20: ~(R1 Ii R2) C1 R3 C2 

10.011'1' 

680'1 

soon 

FIGURE 28. SINGLE-SUPPLY WEIN BRIDGE OSCILLATOR 

Operation with Output-Stage Power-Booster 

The current sourcing and sinking capability of the CA5160 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 29, three CMOS transistor
pairs in a single CAS600 IC array are shown parallel-con
nected with the output stage in the CAS160. In the Class A 
mode of CA3600E shown, a typical device consumes 20mA 
of supply current at lSV operation. This arrangement boosts 
the current-handling capability of the CA5160 output stage 
by about 2.SX. 

The amplifier circuit in Figure 29 employs feedback to estab
lish a closed-loop gain of 2OdB. The typical large-signal
bandwidth (-3dB) is 190kHz. 

SOOI'F 1500 
100mW 
AT 10"'" 
THO 

"SEE RLE NUMBER 619 L-__ ~,¥-___ "", ________________ _ 

FIGURE 29. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA5160. 
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CA5260 
March 1993 

BiMOS Microprocessor Operational Amplifiers 
with MOSFET Input/CMOS Output 

Features 
• MOSFET Input Stage provides 

- Very High Z. = 1.5T0 (1.5 x 10120) Typ. 
- Very Low ~ = 5pA Typ. at 15V Operation 

= 2pA Typ. at 5V Operation 

• Ideal for Single Supply Applications 

• Common Mode Input Voltage Rsnge Includes Nega
tive Supply Rail; Input Terminals Can be Swung 0.5V 
Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Ralls 

• CA5260A, CA5260 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 

• CA5260A, CA5260 are Guaranteed to Operate Down to 
4.SVfor AoL 

• Fully guaranteed to operate from -55°C to +125°C at 
V+=5V, V-=Gnd 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration llmersiMonostables 

• Ideal Interface with Digital CMOS 

• High Input Impedanca W1deband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 

• Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 

• W1en Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 

• 5V Logic Systems 

• Microprocessor Interface 

Pinouts 

OUTPUT (A) 1 

INV.INPUT (A) 2 

NON IN" INPUT (A) 3 

CA5260 (PDIP, SOIC) 
TOP VIEW 

7 OUTPUT (B) 

, INV.INPUT (B) 

5 NON INY.INPUT (B) 

Description 
The CA5260A and CA5260 are integrated·circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA5260 series 
circuits are dual versions of the popular CA5160 series. 
They are designed and guaranteed to operate in 
microprocessor or logic systems that use +5V supplies. 

Gate-protected pochannel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high·input 
impedance, very·low·input current, and exceptional speed 
performance. The use of PMOS field-effect transistors in the 
input stage results in common-mode input-voltage capability 
down to O.5V below the negative-supply terminal, an 
important attribute in single-supply applications. 

A complementary-symmetry MOS (CMOS) tranSistor-pair, 
capable of swinging the output voltage to within 10mV of 
either supply-voltage terminal (at very high values of load 
impedance), is empioyed as the output circuit. 

The CA5260 Series circuits operate at supply voltages 
ranging from 4.5V to 16V, or ±2.25V to ±8V when using split 
supplies. 

The CA5260A, CA5260 have guaranteed specifications for 
5V operation over the full military temperature range of 
-55°C to + 125°C. 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA5260AE -SSoC to + 12S"C 8 Lead Plastic DIP 

CA5260AM -SSoC to +12SoC 8 Lead SOIC 

CA5260AM96 -SSoC to +12SoC 8 LeadSOIC· 

CA5260AT -SSoC to + 12S"C B Pin TO-S Can 

CA5260E -5SoC to +12SoC B Lead Plastic DIP 

CA5260M -SSOC to + 12S"C 8 LeadSOIC 

CA5260M96 -SSoC to + 12SoC BLeadSOIC· 

CA5260T -SSoC to +12SoC B Pin T0-5 Can 

• Denotes Tape and Reel 

CA5260 (TO-5 STYLE CAN) 
TOP VIEW 

INV. INPUT (A) 2 6 IN" INPUT (B) 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1929.2 
Copyright @Harrls Corporation Igg3 
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Specifications CA5260, CA5260A 

Absolute Maximum Ratings 
Supply Voltage (Between V+ and V Terminals) ..••.....•... 16V 
Differential Input Voltage .•...•...•...............•.•.... 8V 
Input Voltage ..•..•...•..............• (V+ +8 V) to (V- -0.5 V) 
Input Current. ...•.....•.•.•..•...•.••.•.•••...•.••.. 1 rnA 
Output Short Circuit Duration (Note 1) .•.••......•..•• Indefinite 
Junction Temperature .............................. + 175°C 
Junction Temperature (Plastic Package) .•.....•.•..•.. +lSOoC 
Lead Temperature (Soldering 10 Sec.) ..•.......•.••••• +300"C 

Operating Conditions 
Operating Temperature Range (All Types) •..•••• -55°C to +125°C 
Storage Temperature Range (All Types) ...••.•.• -65OC to + lSOoC 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings' may cause permanent damage to the device. This is a slnlss only rating and operation 
of the device at these or any other condiUons above those indicated in the operational sections of this specification is not implied. 

Electrical Specifications Typical Values Intended Only lor Design Guidance, V+ = 5V, V- = OV, TA = +25°C, 
Unless Otherwise Specified 

TYPICAL VALUES 

PARAMETERS SYMBOL TEST CONDITIONS CA5260A CA5260 

Input Resistance RI 1.5 1.5 

Input Capacitance CI 1= lMHz 4.3 4.3 

Unity Gain Crossover Frequency IT 3 3 

Slew Rate SR VOUT = 2.5Vp_p 5 5 

Transient Response CL = 25pF, RL = 2kO 

Rise Time tR 
(Voltage Follower) 

0.09 0.09 

Overshoot OS 10 10 

Settling Time (To <0.1 %, VIN = 4Vp,p) ts CL = 25pF, RL = 2kO 1.8 1.8 
(Voltage Follower) 

Electrical Specifications TA = +25°C, v+ = 5V, V- = OV 

LIMITS 

TEST 
CA3260A CA5260 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP 

Input Oflset Voltage VIO Vo =2.5V - 1.5 4 - 2 

Input Offset Current 110 Vo =2.5V - 1 10 - 1 

Input Current II Vo =2.5V - 2 15 - 2 

Common Mode Rejection Ratio CMRR Vct.A=Oto 1V 80 85 - 70 85 

VCM = 0 to 2.5V 50 55 - 50 55 

Common Mode Input Voltage VICR+ 2.5 3 - 2.5 3 
Range 

VICR- - -0.5 0 - -0.5 

Power Supply Rejection Ratio PSRR !:N+=1V; 75 84 - 70 84 
IN-=1V 

Large Signal Voltage Gain AoL RL = 00, 107 113 - 105 111 
(Note 2) Vo =0.5 t04V 

RL = 10kO, 83 86 - 80 86 
Vo = 0.5 to 3.6V 

Source Current ISOURCE Vo=OV 1.75 2.2 - 1.75 2.2 

Sink Current ISINK Vo=5V 1.70 2 - 1.70 2 
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UNITS 

Tn 

pF 

MHz 

V/Jl.S 

Jl.S 

% 

Jl.S 

MAX UNITS 

15 mV 

10 pA 

15 pA 

- dB 

- dB 

- V 

0 V 

- dB 

- dB 

- dB 

- rnA 

- rnA 



Specifications CA5260, CA5260A 

Electrical Specifications TA = +250C, v+ = 5V, V- = OV (Continued) 

LIMITS 

TEST 
CA3260A CA5260 

PARAMETERS SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Output Voltage VOM+ RL=oo 4.99 5 - 4.99 5 - V 

VOM- - 0 0.01 - 0 0.01 V 

YoMi' RL= 10kO 4.4 4.7 - 4.4 4.7 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ RL=2kO 3 3.4 - 3 3.4 - V 

VOM- - 0 0.01 - 0 0.01 V 

Supply Current ISUPPLY Vo=OV - 1.60 2.0 - 1.60 2.0 rnA 

Vo =2.5V - 1.80 2.25 - 1.80 2.25 rnA 

NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. For V+ = 4.5V and V- = GND; VOUT = 0.5V to 3.2V at RL = 10kO. 

Electrical Specifications T A = -5500 to + 125°C, V+ = 5V, V- = OV 

LIMITS 

TEST 
CA3260A CA5260 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VIO Vo =2.5V - 2 15 - 3 20 mV 

Input Offset Current 110 Vo =2.5V - 1 10 - 1 10 nA 

Input Current II Vo =2.5V - 2 15 - 2 15 nA 

Common Mode Rejection Ratio CMRR VCM=OtoW 65 78 - 60 78 - dB 

VCM = 0 to 2.5V 50 60 - 50 60 - dB 

Common Mode Input Voltage VICR+ 2.5 3 - 2.5 3 - V 
Range 

VICR- - -0.5 0 - -0.5 0 V 

Power Supply Rejection Ratio PSRR AV+= W; 62 65 - 60 65 - dB 
AV-= W 

Large Signal Voltage Gain AoL RL =00, 70 78 - 70 78 - dB 
(Note 2) Vo= 0.5 t04V 

RL= 10kO, 60 65 - 60 65 - dB 
Vo = 0.5 to 3.6V 

Source Current ISOURCE Vo=OV 1.3 1.6 - 1.3 1.6 - rnA 

Sink Current ISiNK Vo=5V 1.2 1.4 - 1.2 1.4 - rnA 

Output Voltage VOM+ RL=oo 4.99 5 - 4.99 5 - V 

VOM- - 0 0.01 - 0 0.01 V 

VOM+ RL=10kO 4.2 4.4 - 4.2 4.4 - V 

VOM- - 0 0.01 - 0 0.01 V 

YoMi' RL=2kO 2.5 2.7 - 2.5 2.7 - V 

VOM- - 0 0.01 - 0 0.01 V 

Supply Current ISUPPLY Vo=OV - 1.65 2.2 - 1.65 2.2 rnA 

Vo =2.5V - 1.95 2.35 - 1.95 2.35 rnA 

NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. For V+ = 4.5V and V- = GND; Your = 0.5V to 3.2V at RL = 10kn. 
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Specifications CA5260, CA5260A 

Electrical Specifications Each Amplifier at T A = 25°C, V+ = 15V, V- = OV, Unless Otherwise Specified. 

LIMITS 

TEST 
CA3260A CA5260 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO Vi = i7.5 - 2 5 - 6 15 mV 

Input Offset Current 110 Vi=i7.5 - 0.5 20 - 0.5 30 pA 

Input Current I, Vi=i7.5 - 5 30 - 5 50 pA 

Large Signal Voltage Gain AoL Vo= 10Vp.p, 50 320 - 50 320 - kVN 
RL= 10kn 

94 110 - 94 110 - dB 

Common Mode Rejection Ratio CMRR 80 95 - 70 90 - dB 

Common Mode Input Voltage V'CR 10 -0.5 to 0 10 -0.5 to 0 V 
Range 12 12 

Power Supply Rejection Ratio, PSRR Vi = i7.5 - 32 150 - 32 320 IlVN 
AVtdAVi 

Maximum Output Vonage VOM+ RL = 10kn 11 13.3 - 11 13.3 - V 

VOM- - 0.002 0.01 - 0.002 0.01 V 

VOM+ RL=- 14.99 15 - 14.99 15 - V 

VOM- - 0 0.01 - 0 0.01 V 

Maximum Output Current IOM+ Vo =7.5V 12 22 45 12 22 45 rnA 
(Source) 

IOM-(Sink) 12 20 45 12 20 45 rnA 

Total Supply Current, RL = 00 1+ Vo (AmpA)=7.5V - 9 16.5 - 9 16.5 rnA 
Vo(AmpB)=7.5V 

Vo (Amp A) = OV - 1.2 4 - 1.2 4 rnA 
Vo (Amp B) = OV 

Vo (Amp A) = OV - 5 9.5 - 5 9.5 rnA 
Vo (Amp B) =7.5V 

Input Offset Voltage Temp. Drift AVtdAT - 6 - - 8 - IlVI"C 

Crosstalk f= 1kHz - 120 - - 120 - dB 

2-261 



CA5260, CA5260A 

Schematic Diagram 
v+ 

r-_.------~----AM_.pu-R-E-R-A------_.--~!~···_.···~~···-···+l--_1~-----AM--P_U_R~E~R_B __ ~~ ____ _1~-' 

R6 
200K 

+IN -IN y. 
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Features 
• CA5420A, CA5420 at 5V Supply Voltage with Full 

Military Temperature Range Guaranteed 
SpeCifications 

• CA5420A, CA5420 Guaranteed to Operate from ±1 V to 
±10V Supplies 

• 2V Supply at 300jJA Supply Current 
• 1 pA (Typ.) Input Current (Essentially Constant to 

85°C) 
• Rail-ta-Rail Output Swing (Drive ±2mA Into 1 kO Load) 
• Pin Compatible with 741 Op Amp 

Applications 

• pH Probe Amplifiers 
• Picoammeters 
• Electrometer (High Z) Instruments 

• Portable Equipment 
• Inaccessible Field Equipment 
• Battery Dependent Equipment (Medical and Military) 

• 5V Logic Systems 
• Microprocessor Interface 

Ordering Information 
PART 

NUMBER 

CA5420AE 

CA5420AM 

CA5420AT 

CA5420E 

CA5420M 

CA5420T 

Pinouts 

°r::;~u 1 

IN~~~ 2 

NON-INV. 3 
INPUT 

y..4 

TEMPERATURE 
RANGE 

·550C to + 125°C 

-55°Cto+125°C 

·550C to + 125°C 

-55OC to + 125°C 

·55OC to + 125°C 

·55OC to +125°C 

CA5420 
(PDIP, SOIC) 
lOP VIEW 

5 OFFSET 
NULL 

NOTE: Pin 4 is connected to Case. 

PACKAGE 

8 Lead Plastic 01 P 

8 LeadSOIC 

8 Pin Can 

8 Lead Plastic 01 P 

8 Lead SOIC 

8 Pin Can 

CA5420 
(TO-5CAN) 
TOP VIEW 

CA5420 
Low Supply Voltage, Low Input Current 

BiMOS Operational Amplifier 

Description 
The CA5420A and CA5420· are integrated circuit 
operational amplifiers that combine PMOS transistors and 
bipolar transistors on a single monolithic chip. They are 
designed and guaranteed to operate in microprocessor logic 
systems that use V+ = SV, v- = Gnd, since they can operate 
down to ±1V supplies. They will also be suitable for 3.3V 
logic systems. 

The CA5420A and CA5420 BiMOS operational amplifiers 
feature gate-protected PMOS transistors in the input circuit 
to provide very high input impedance, very low input currents 
(less than 1pA). The internal bootstrapping network features 
a unique guardbanding technique for reducing the doubling 
of leakage current for every 10°C increase in temperature. 
The CAS420 series operates at total supply voltages from 
2V to 20V either single or dual supply. These operational 
amplifiers are internally phase compensated to achieve 
stable operation in the unity gain follower configuration. 
Additionally, they have access terminals for a supplementary 
external capacitor if additional frequency roll-off Is desired. 
Terminals are also provided for use in applications requiring 
input offset voltage nulling. The use of PMOS in the input 
stage results in common-mode input voltage capability down 
to O.4SV below the negative supply terminal, an important 
attribute for single supply application. The output stage uses 
a feedback OTA type amplifier that can swing essentially 
from rail-to-rail. The output driving current of 1.0mA (min) is 
provided by using nonlinear current mirrors. 

These devices have guaranteed specifications for 5V opera
tion over the full military temperature range of -SSoC to 
+12SoC. 

The CA5420 series has the same 8 lead pinout used for the 
industry standard 741. 

• Formerly Oev. Type No. TAl 0841 

Functional Diagram 
CA5420 

BUFFER AMPS; 
BOOTSTRAPPED HIGH GAIN 

INPUT PROTECTION (SOK) 
NETWORK 

OTABUFFER 
(X2) 

CAUTION: These d9\lices are aansitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures. File Number 1925.2 
Copyright @ Harris Corporation 1993 
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Specifications CA5420, CA5420A 

Absolute Maximum Ratings 
Supply Voltage (Between V+ and V- Terminals) •••••.••••••• 22V 
Dillet:entialinput Voltage. • • • • . • • • • • • • • • • • • • • • . • • • • • • • • • 15V 
Input Voltage ••••••••••••.•.•••••••.••• (V+ + BV) to (V- -o.5V) 
Input Current. ••.••.•••••.•.•••.•.••••••••.••.••••••• 1 mA 
Output Short Circuit Duration (Note 1) .••••••.•.••.•.• Indefinite 
Junction Temperature •...........•.••..•••.•.•••••• +1750C 
Junction Temperature (PlastiC Package) •••.••••.•••••• +l50oC 
Lead Temperature (Soldering 10 Sec.) ..•••....•...•••. +300oC 

Operating Conditions 
Operating Temperature Range (All Types) ••••••• -55°C to +125°C 
Storage Temperature Range (All Types) •••..••.. -65°C to + 150°C 

CAUTION: Stresses abo ... those listed in "Absolute Maximum Ratings" may cause permanent damage to the davice. This is a stress only rating and operation 
of the device at these or any other condlVons abo ... those Indicated in the operational sections of this specification is not Implied. 

Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = +5V; V- = Gnd, TA = +250C 

PARAMETERS SYMeOL TEST CONDITIONS CA5420A CA5420 UNITS 

Input Resistance R, 150 150 Tn 

Input Capacitance C, 4.9 4.9 pF 

Output Resistance Ro 300 300 n 

Equivalent Input eN f= 1kHz Rs = lOOn 62 62 nVNHz 
Noise Voltage 

nVNHz f= 10kHz 38 38 

Short-Circuit Current 

Source IOM+ 2.6 2.6 rnA 

To Opposite Supply ) 
Sink IOM- 2.4 2.4 rnA 

Gain Bandwidth Product fT 0.5 0.5 MHz 

Slew Rate SR 0.5 0.5 V/IlS 

Transient Response RL = 2kO, CL = 100pF 

Rise Time tR 0.7 0.7 IlS 

Overshoot OS 15 15 % 

Current from Terminal 8 le+ 20 20 IIA 
To V-

Current from Terminal 8 le- 2 2 mA 
ToV+ 

SetllingTime 0.01% Av= 1 2Vp•p Input 8 8 IlS 

0.10% Av=l 2Vp.p lnput 4.5 4.5 IlS 

NOTE: 

1. Short circuit may be applied to ground or to either supply. 
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Specifications CA5420, CA5420A 

Electrical Specifications TA = +25"C. V+ = 5V. V- = O. Unless Otherwise Specified 

LIMITS 

CA5420A CA5420 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VIO Vo =2.5V - 1 5 - 1.5 10 mV 

Input Offset Current 110 Vo =2.5V - 0.02 0.5 - 0.02 1 pA 

Input Current II Vo=2.5V - 0.02 1 - 0.02 2 pA 

Corrvnon Mode Rejection Ratio CMRR VCM = 0 to 3.7V. 75 83 - 70 80 - dB 
Vo =2.5V 

Corrvnon Mode Input Voltage VICR + Vo=2.5V 3.7 4 - 3.7 4 - V 
Range 

VIeR - - -0.3 0 - -0.3 0 V 

Power Supply Rejection Ratio PSRR l:N+= 1V; 75 83 - 70 80 - dB 
I!N- = lV 

Large Signal Voltage Gain AoL 
Vo = 0.5 to 4V RL=oo 85 rrT - 85 rrT - dB 

Vo =0.5t04V RL= 10kO 85 rrT - 85 rrT - dB 

VO= 0.7 to 3V RL=2kO 80 85 - 80 85 - dB 

Source Current ISOURCE Vo=OV 1.2 2.7 - 1.2 2.7 - mA 

Sink Current ISINK Vo=5V 1.2 2.1 - 1.2 2.1 " mA 

Output Voltage VOM + RL=oo 4.9 4.94 - 4.9 4.94 - V 

VOM - - 0.13 0.15 - 0.13 0.15 V 

VOM + ~= 10kO 4.7 4.9 - 4.7 4.9 - V 

VOM - - 0.12 0.15 - 0.12 0.15 V 

VOM + RL=2kO 3.5 4.6 - 3.5 4.6 - V 

VOM - - 0.1 0.15 - 0.1 0.15 V 

Supply Current ISUPPLY Vo=OV - 400 500 - 400 500 IIA 

Vo =2.5V 430 550 - 430 550 IIA 
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Specifications CA5420, CA5420A 

Electrical Specifications TA = -55"0 to +125°C, V+ .. 5V, V- .. 0, Unless Otherwise Specmed 

LIMITS 

CA5420A CA5420 
TEST 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VIO Vo =2.5V - 2 10 - 3 15 mV 

Input Offset Current 110 Vo =2.5V - 1.5 3 - 1.5 3 nA 

UptoTA=~C 110 - 2 10 - 2 10 pA 

Input Current IIII Vo =2.5V - 2 5 - 2 5 nA 

Up to TA = 8SOC IIII - 10 15 - 15 25 pA 

Common Mode Rejection Ratio CMRR VCM = 0 to 3.7V, 70 80 - 65 75 - dB 
Vo =2.5V 

Common Mode Input Voltage VICR + Vo=2.5V 3.7 4 - 3.7 4 - V 
Range 

VICR - - -0.3 0 - -0.3 0 V 

Power Supply Rejection Ratio PSRR I!N+= 1V; 70 83 - 65 80 - dB 
1!N- = lV 

Large Signal Voltage Galn AoL 

VO= 0.5 to 4V ~=oo 85 87 - 80 85 - dB 

. Vo =0.7t04V RL = 10kn 80 87 - 80 85 - dB 

Vo = 0.7 to 2.5V RL=2kn 75 80 - 75 80 - dB 

Source Current ISOURCE Vo=OV 1 2.7 - 1 2.7 - rnA 

Sink Current ISINK Vo=5V 1 2.1 - 1 2.1 - rnA 

Output Voltage VOM + RL=oo 4.8 4.9 - 4.8 4.9 - V 

VOM - - 0.18 0.2 - 0.16 0.2 V 

VOM + RL = 10kn 4.7 4.9 - 4.7 4.9 - V 

VOM - - 0.15 0.2 - 0.15 0.20 V 

VOM + RL=2kn 3 4 - 3 4 - V 

VOM - - 0.14 0.2 - 0.14 0.2 V 

Supply Current ISUPPLY Vo=OV - 430 550 - 430 550 I1A 

Vo=2.5V 480 600 - 480 600 I1A 
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Specifications CA5420, CA5420A 

Electrical Specifications For Equipment Design at v+ = W, V- = -IV, TA = 25°C, Unless Otherwise Specified 

LIMITS 

TEST 
CA5420A CA5420 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Offset Voltage VIO - 2 5 - 5 10 

Input Offset Current 11101 - 0.01 4 (Nota 1) - 0.01 4 (Note 1) 

Input Current lid - 0.02 5 (Note 1) - 0.02 5 (Note 1) 

large Signal Voltage Gain AoL RL= 10ka 20 100 - 10 100 -
86 100 - 80 100 -

Common Mode Rejection Ratio CMRR - 560 1000 - 560 1800 

60 65 - 55 65 -
ComrrlOn Mode Input Voltage VICR + 0.2 0.5 - 0.2 0.5 -
Range 

VICR - -1 -1.3 - - -1.3 -
Power Supply Rejection Ratio PSRR - 32 320 - 100 1000 

70 90 - 60 80 -
Maximum Output Voltage VOM + RL=oo 0.9 0.95 - 0.9 0.95 -

VOM - -0.85 -0.91 - -0.85 -0.91 -
Supply Current ISUPPLY - 350 650 - 350 650 

Device Dissipation Po - 0.7 1.1 - 0.7 1.1 

Input Offset Voltage Temp. DrIft tNldAT - 4 - - 4 -

Electrical Specifications For Equipment Design at V+ = 10V, V- = -10V, TA = 25°C, Unless Otherwise Specified 

LIMITS 

TEST 
CA5420A CA5420 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Offset Voltage VIO - 2 5 - 5 10 

Input Offset Current 11101 - 0.03 4 (Note 1) - 0.03 4 (Note 1) 

Input Current lid - 0.05 5 (Note 1) - 0.05 5 (Note 1) 

Large Signal Voltage Gain AoL RL= 10ka 20 100 - 10 100 -
86 100 - 80 100 -

CDmrrIOn Mode Rejection Ratio CMRR - 100 320 - 100 320 

70 80 - 70 80 -
Common Mode Input Voltage VICR + 9 9.3 - 8.5 9.3 -
Range 

VICR - -10 -10.3 - -10 -10.3 -
~ower Supply Rejection Ratio PSRR - 32 320 - 32 320 

70 90 - 70 90 -
Maximum Output Voltage VOM + ~=oo 9.7 9.9 - 9.7 9.9 -

VOM - -9.7 -9.85 - -9.7 -9.85 -
Supply Current ISUPPLY - 450 1000 - 450 1000 

Device Dissipation Po - 9 14 - 9 14 

Input Offset Voltage Temp. DrIft AVldAT - 4 - - 4 -
NOTE: 

1. The maximum limit represents the levels obtainable on high-speed automatic test equipment. 
Typical values are obtained under laboratory conditions. 
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CA5420, CA5420A 

Typical Performance Curves 

TA·+25"C 
RL·1001en 

Va-

Vo+ 
I 

VIC!\"" 

I 
VI(:R+ 

5 10 15 
SUPPLY VOLTAGE (V) 

FIGURE 1. OUTPUT VOLTAGE SWING AND COMMON MODE 
INPUT VOLTAGE RANGE VB SUPPLY VOLTAGE 

TA-+25OC 
V ... OV 

.I"!! ~ 
"""":;.. 

:;;.00'" 

.~ ~~'.-20V 
Y..-10V 
y..-6V 

.... y..-2V 

10 
0.01 0.1 1 10 

LOAD (SINKING) CURRENT (rnA) 

FIGURE 3. OUTPUT VOLTAGE VB LOAD SINKING CURRENT 

5.00 
TA .... 25"c If V ... 5V 
Y..GND 
RL TOGND 

I 
~ 

/ 
o ~ 
o 10 100 1000 

LOAD RESISTANCE (len) 

FIGURE 5. OUTPUT VOLTAGE SWING VB LOAD RESISTANCE 

TA· .. 250C 
y..ov 

v ... +2V~ 

~::~XV"; ~ 
v .... +20V 

r-=~ , 
0.1 10 

LOAD (SOURCING) CURRENT (rnA) 

FIGURE 2. OUTPUT VOLTAGE VB LOAD SOURCING CURRENT 

12400 

TA·+250C 
v ... sv 
Y..GND 

!fi 2000 t--t-+----1t--+-+--t--t--t--+-H 
II: 
~ 16oot--t-+----1t--+-+--t--t--t--+-H 

~ 12oot--t-+----1t--+-+--t--t--t--+-H 
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FIGURE 4. SUPPLY CURRENT VB OUTPUT VOLTAGE 
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FIGURE 6. INPUT BIAS CURRENT DRIFT (41a/AT) 
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CA5420, CA5420A 

Typical Performance Curves (Continued) 

I! 1000 TA,,+2S0C 

:s. 
w 

! g 100 

w 

a 
~ 
i!5 10 

!Z 

~ 

1 

V+, V- .. ±10V 

... ~~ /' 
V+, V-=±5V 

~ ~ 
V., V- .. ±1V 

~ 
l~ 1~ 1~ 1~ 1~ 

FREQUENCY (Hz) 

FIGURE 7. INPUT NOISE VOLTAGE va FREQUENCY 

Application Circuits 
Plcoammeter Circuit 

The exceptionally low input current (typically 0.2pA) makes 
the CA5420 highly suited for use in a picoammeter circuit. 
With only a single 1000 resistor, this circuit covers the range 
from ±1.5pA. Higher current ranges are possible with suitable 
switching techniques and current scaling resistors. Input tran
sient protection is provided by the 1 MO resistor in series with 
the input. Higher current ranges require that this resistor be 
reduced. The 10MO resistor connected to pin 2 of the 
CA5420 decouples the potentially high input capacitance 
oiten associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 

10GO 

11m 101m 

-1.SV 

±1.SpA 

11kn 

FIGURE 6. PICOAMMETER CIRCUIT 

1.Skn 

1.5kn 
1% 

jjj'100 
:!!. 
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w 

~ 
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§ 40 

z 
~ o 20 
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TA .. +2s"C 
V+_+10V, V-.10V 
RL .. 10kn 

~ ~ CL"'OpF 

'-' 
~ -...~ 

""~ " 
"I~ 

"I~ 
1 101 102 1~ 104 10· 101 
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ii) 
w 

0 w a: 
-4& ell w 

-110 
e. 
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FIGURE 8. OPEN LOOP GAIN AND PHASE SHIFT RESPONSE 

High Input Resistance Voltmeter 

Advantage is taken of the high input impedance of the CA5420 
in a high input resistance DC voltmeter. Only two 1.5V "AA" 
type penlite batteries power this exceedingly high-input resis
tance (>1.000.000MO) DC voltmeter. Full-scale deflection is 
±500mV, ±15OmV, and ±15mV. Higher voltage ranges are eas
ily added with exlernal input voltage attenuator networks. 

The meter is placed in series with the gain network. thus 
eliminating the meter temperature coefficient error term. 

Supply current in the standby position with the meter 
undeflected is 300IlA. At full-scale deflection this current 
rises to 8001lA. Carbon-zinc battery life should be in excess 
of 1,000 hours. 

+1.SV 

FIGURE 7. HIGH INPUT RESISTANCE VOLTMETER 
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Quad Microprocessor BiMOS-E Operational 
Amplifiers with MOSFET Input/Bipolar Output 

Features 
• High Speed CMOS Input Stage Provides 

- Very High ZI •••••••••••••••• 5T0 (5 x 10120) Typ. 
- Very Low II ••••••••••• O.SpA (Typ) et 5V Operation 
- Very Low 110 •••••••••• O.SpA (Typ) et 5V Operetlon 

• ESD Protection to 2000V 

• 3V to 16V Power Supply Operation 

• Fully Guarantaed Specifications Over Full Military 
Range 

• Wide BW (14M Hz); High SR (SV/I1S) at 5V Supply 

• Wide VICR Range From ..().SV to 3.7V (Typ) et SV Supply 

• Ideally Suited for CMOS and HCMOS Applications 

Applications 
• Bar Code Readers 

• Photodlode Amplifiers (IR) 

• Microprocessor Buffering 

• Ground Referenca Single Supply Amplifiers 

• Fast Sample and Hold 

• TImers 

• Voltage Controlled Oscillators 

• Voltage Followers 

• V to I Converters 

• Peak Detectors 

• Precision Ractlflers 

• SV logic Systems 

• 3V Logic Systems 

Pinout 

Description 
The CA5470 series are integrated circuit operational amplifi
ers that combine the advantages of both high speed CMOS 
and bipolar transistors on a single monolithic chip. They are 
constructed in the BiMOS-E process which adds drain
extension implants to 311ffi polygate CMOS, enhancing both 
the voltage capability and providing vertical bipolar transis
tors for broadband analog/digital functions. This process 
lends itself easily to high speed operational amplifiers, 
comparators, analog switches and Interface peripherals, 
resulting in twice the speed of the conventional CMOS 
transistors having similar feature size. 

BiMOS-E are broadbased bipolar transistors that have high 
transconductance, gains more constant with current level, 
stable ·precision" base-emitter offset voltages and superior 
drive capability. Excellent Interface with environmental 
potentials enable use in 5V logic systems and future 3.3V 
logic systems. 

ESO capability exceeds the standard 2000V level. The 
CA5470 series can operate with single supply voltages from 
3V to 16V or ±1.5V to ±av. They have guaranteed specifica
tions at both 5V and ±7.5V at room temperature as well as 
over the full-55°C to +1250C military range. 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA5470E -55°C to + 125°C 14 Lead Plastic DIP 

CA5470M _55°C to +125OC 14 Lead SOIC 

CA5470M96 _55°C to + 125°C 14 Lead SOIC' 

• Denotes Tape and Reel 

CA5470 (PDIP, SOle) 
TOP VIEW 

OUTPUT1 1 

NEG. INPUT 1 2 

pos. INPUT 1 3 

POS.INPUT 2 5 

NEG. INPUT 2 6 

OUTPUT2 7 

9 NEG. INPUT 3 

8 OUTPUT3 

CAUTION: These davlces are senshi'le to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA5470 

Absolute Maximum Ratings Operating Conditions 
DC Supply Voltage (Between V+ And V Terminals) •••••••••• 16V 
Differential Input Voltage •••••••••••••••••••••••••••••••• 6V 
Input Voltage •••••••••••••••••••••••••• (V+ +8 V)to IV -o.5V) 

Operating Temperature Range (All "TYpes) ••••••• -5500 to +12500 
Storage Temperature Range (All Types) ••••••••• -6500 to + 15O"C 

Input Current. ••.•••••••••••••••••••••••••••••••••••• 1 rnA 
Power Dissipation: 

Without Heat Sink 
Up To +5500 ••••••••••••••••••••••••••••••••• 630mW 
Above +55°C •••.••••..••••••• Derate Linearly 6.67 mWf'C 

With Heat Sink 
Up To +9OOC ••••••••••••••••••••••••••••••••••••• 1W 
Above +9OOC ••••••••••••••••• Derate Linearly 16.7 mWfJC 

Small Outline Package 
Up To +65°C ••••••••.••••.•••••••••••••.••••• 500mW 
Above +6500 •••••••••••••••••• Derate Linearly 5.9 mwfJc 

Output Short Circuit Duration (Note 1) •••••••••••••••• Indefinite 
Junction Temperature •••••••••••••••••••••••••••••• + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• + 150°C 
Lead Temperature (Soldering 10 Sec) ••••••••••••••••• +3oooC 

CAUTION: Stresses abo ... those listed in "Absolute Maximum Ratings" mey cause permanent damage to the davice. This is a stress only mling and """mliDn 
of the davies at these or any othe, conditions abo ... those indicated in the opemliDnal """'ions of this specificaliDn is not impned. 

Electrical Specifications "TYPical Values Intended Only lor Design Guidance. V+ = 5V, V- = Ov, TA = +2500, Unless Otherwise Specified 

PARAMETERS SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS 

Input Resistance RI 5 Tn 

Input Capacitance CI 1= 1MHz 3.1 pF 

Unity Gain Crossover Frequency IT 14 MHz 

Slew Rate SR VOUT = 3.65Vp•p 5 VljJfIl 

Transient Response: CL = 25pF, RL = 2kn 

Rise Time/Fail Time IR (Voltage Follower) 27125 ns 

Overshoot OS 20 % 

Settling Time (To <0.1 %, VIN = 4Vp•p ) Is CL = 25pF, RL = 2kn 1 jJfIl 
(Voltage Follower) 

Full Power BW (VOUT = 3.65Vp.p) SR = 5V/jJfIl FPBW Ay=1 436 kHz 

Electrical Specifications TA = +2500, V+ = 5V, V- = GND 

UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage IVIOI - 6 22 mV 

Input Offset Current 11101 - 0.5 50 (Note 2) pA 

Input Current II - 0.5 50 (Note 2) pA 

Common Mode Input Range VICR 3.5 -0.5 to 3.7 0 V 

Common Mode Rejection Ratio CMRR VICR = 0 to 3.5V 55 70 - dB 

Power Supply Rejection Ratio PSRR lJ.V=2V 60 75 - dB 

Positive Output Voltage Swing VOM+ RL = 2kn to GND 4 4.4 - V 

NegatiVe Output Voltage Swing YOM"" RL = 2kn to GND - 0.06 0.10 V 

Total Supply Current ISUPPLY VOUT = 2.5V, RL = 00 - 6 7 rnA 

Unity Gain Bandwidth Product IT 10 14 - MHz 

Slew Rate SR 4 5 - V/jJfIl 

Output Current 

Source to opposite supply IsoURCE 4 5.5 - rnA 

Sink to opposite supply ISiNK 1.0 12 - rnA 

Open Loop Gain AcL 0.5V to 3.5V, RL = 10kn 60 90 - dB 

NOTE: 
1. Short circuit may be applied to ground or to either supply. 
2. This is the lowest value that can be tested reliably. Almost all devices will be <10pA. 
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Specifications CA5470 

Electrical Specifications TA = -55"C to +125°C, V+ = 5V, V- = GND 

UMITS 

PARAMETERS SYMeOL TEST CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage IVIOI - 6 25 mV 

Input Offset Current 11101 - 550 5500 pA 

Input Current II - 550 11000 pA 

Common Mode Input Range VICR 3.5 -0.5 to 3.7 0 V 

Common Mode RejectIon Ratio CMRR VICR = 0 to 3.5V 50 65 - dB 

Power Supply Rejection Ratio PSRR fN=2V 56 75 - dB 

Positive Output Voltage Swing VOM+ RL = 2kn to GND 3.0 4.2 - V 

Negative Output Voltage Swing VOM"" RL = 2kn to GND - 0.00 0.11 V 

Total Supply Current IsuPPLY VOUT= 2.5V - 9 11 rnA 

Unity Gain Bandwidth Product fT 0 12 - MHz 

Slew Rate SR 3 5 - VI~ 

Output Current 

Source to opposite supply IsoURCE 4 5.5 - rnA 

Sink to opposite supply ISiNK 0.0 1.2 - rnA 

Open Loop Gain AoL 0.5V to 3.5V, RL = 10kn 80 90 - dB 

Electrical Specifications TA = +250C, V+ = 7.5V, V- = -7.5 

UMITS 

PARAMETERS SYMeOL TEST CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage IVlol - 5 25 mV 

Input Offset Current 11101 - 0.5 50 (Note 1) pA 

Input Current II - 1 50 (Note 1) pA 

Common Mode Input Range VICR 5.0 -7.0 to 6.0 -7.5 V 

Common Mode Rejection Ratio CMRR VICR = 0 to 13.3V 60 70 - dB 

Power Supply Rejection Ratio PSRR IN= 1V 60 76 - dB 

Positive Output Voltage Swing VOM+ 

RL = 2kn to GND 6.3 6.5 - V 

RL = 10kn to GND 6.4 6.6 - V 

Negative Output Voltage SwIng VOM-

RL = 2kn to GND - -2.6 -2 V 

RL = 10kn to GND - -7.3 -7.1 V 

Total Supply Current ISUPPLY VOUT = GND, RL = 00 - 10 12 rnA 

Unity Gain Bandwidth Product fT 12 16 - MHz 

Slew Rate SR 4 7 - VI~ 

Output Current 

Source to opposite supply ISOURCE 6.2 6.0 - rnA 

Sink to opposite supply ISiNK 1 1.4 - rnA 

Open Loop Gain AoL -5V to +5V, RL = 10kn 80 90 - dB 

NOTE: 

1. This Is the lowest value that can be tested reliably. Almost all devices will be <10pA. 
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Specifications CA5470 

Electrical Specifications TA = -55°C to +125°C, V+ = 7.5V, V- = -7.5 

PARAMETERS SYMBOL TEST CONDITIONS 

Input Offset Voltage IVIOI 

Input Offset Current 11101 

Input Current II 

Common Mode Input Range VICR 

Common Mode Rejection Ratio CMRR VICR = 0 to 3.5V 

Power Supply Rejection Ratio PSRR IN=1V 

Positive Output Voltage Swing VOM+ 

RL = 2kn to GND 

RL = 10kn to GND 

Negative Output Voltage Swing VOM-

RL = 2kn to GND 

RL = 1 Okn to GND 

Total Supply Current ISUPPLY VOUT = GND, RL = 00 

Unity Gain Bandwidth Product fT 

Slew Rate SR 

OUtput Current 

Source to opposite supply ISOURCE 

Sink to opposite supply ISiNK 

Open Loop Gain AoL -5V to +5V, RL = 10kn 

Metallization Mask Layout 

Dimensions in parentheses are in millimeters and derived 
from the basic inch dimensions as Indicated. Grid gradua
tions are in mils (10-3 Inch). 

The layout represents a chip when it Is part of the wefer. 
When the wafer is cut into chips, the cleavage angles are 
57" instead of 90" with respect to the face of the Chip. 
Therefore, the Isolated chip Is actually 7 mils (0.17mm) 
larger in both dimensions. 

117.2 

0 

80-

ao-

70-

80-

50-

40 -

30-

20 -

10-

0 

UMITS 

MIN TVP MAX UNITS 

- 5 30 mV 

- 550 5500 pA 

- 1100 11000 pA 

5.8 -7.8 to 6.0 -7.5 V 

58 70 - dB 

60 76 - dB 

4.75 5.5 - V 

6.1 6.4 - V 

- -2.6 -2 V 

- -7.3 -7.1 V 

- 12 18 rnA 

10 15 - MHz 

3 7 - VIlIS 

6.2 6.8 - rnA 

1 1.4 - rnA 

80 90 - dB 

10 20 30 40 60 50 88.7 

117.2 
(2.48) 

t------ 611.7 ___ ---;~ 
(1.77) 
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CA5470 

Block Diagram (1/" of CA5470) 

TOBIAS+-~=4~:::;::::::::=+~::::;::i::~~::::~::::~+=~:::::;::::::;, 
aRCWT+-~-i--~~~~----~----~~~-r+-----tJ~~;-~-r~~~~~ 

1.2mA 

.. INPUT 

-INPUT 

2kn 2kn 

~==~~====~1===~==~1=====~==ti======~==~~11 
PMOS DIFFERENTIAL 

INPUT STAGE 

Typical Performance Curve 

GROUNDED GATE 
LEVEL SHIFTER 

IIIIIUU 111111 

COMPOSITE MILLER 
GAIN STAGE 

V ... 7.SV, Yo .. ·7.5V 

'" 
12 

~ 10 

8 

J I 

" 
2 

10K 

\ 

V .. =5V, v:..OV 

II 111111 II 

111m II 
100K 

.... ~ 
1M 10M 100M 

FREQUENCY 

FIGURE 1. MAXIMUM OUTPUT VOLTAGE SWING V8 FREQUENCY 
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Features 

• ProgrammabllHy 

• High Rate Slew ••••••••••••••••••••••••••• 30VlIUI 

• Wide Gain Bandwidth ••••••••••••••••••••• 40MHz 

• High Gain •••••••••••••••••••••••••••••• 150kVN 

• Low Offset Current •••••••••••••••••••••••••• 5nA 

• High Input Impedance •••••••••••••••••••••• 30MO 

• Single Capacitor Compensation 

• DTUTTL Compatible Inputs 

Applications 
• Thousands of Applications; Program 

• Signal SelectlonJMultlplexlng 
• Operational Amplifier Gain 
• OSCillator Frequency 
• Filter Characteristics 
• Add·Subtract Functions 
• Integrator Characteristics 
• Comparator Levels 

• For Further Design Ideas, See App. Note 514. 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

HA1·2400·2 -55"C to +125"C 16 Lead Ceramic DIP 

HA1-2404-4 -25"C to +85°C 16 Lead Ceramic DIP 

HAl-2405-5 OOC to +75"C 16 Lead Ceramic DIP 

HA3-2405-5 O"C to +75"C 16 Lead Plastic DIP 

HA4P2405-5 0"C to + 75"C 20 Lead PLCC 
~ 

Pinouts 

HA-2400, HA-2404 
HA-2405 

Description 

PRAM Four Channel 
Programmable Amplifiers 

HA-2400I04I05 comprise a series of four-channel 
programmable amplifiers providing a level of versatility 
unsurpassed by any other monolithic operational amplifier. 
Versatility is achieved by employing four input amplifier 
channels. anyone (or none) of which may be electronically 
selected and connected to a single output stage through 
DTUTTL compatible address inputs. The device formed by 
the output and the selected pair of inputs is an op amp which 
delivers excellent slew rate. gain bandwidth and power 
bandwidth performance. Other advantageous features for 
these dielectrically isolated amplifiers include high voltage 
gain and input impedance coupled with low input offset 
voltage and offset current. External compensation is not 
required on this device at closed loop gains greater than 10. 

Each channel of the HA-2400l04105 can be controlled and 
operated with suitable feedback networks in any of the 
standard op amp configurations. This specialization makes 
these amplifiers excellent components for multiplexing signal 
selection and mathematical function designs. With 30VljlS 
slew rate. 40MHz gain bandwidth and 3OMO input 
impedance these devices are ideal building blocks for signal 
generators. active filters and data acquisition deSigns. 
Programmability. coupled with 4mV typical offset voltage and 
5nA offset current. makes these amplifiers outstanding 
components for signal conditioning circuits 

HA·2405 (PLCC) 
TOP VIEW 

HA-2400104 (COIP) 
HA-240S (COIP, POIP) 

TOP VIEW TRUTH TABLE 

+IN3 DO 

D1 

ENABLE 

GND 

COMP ---, ... 
v..:t __ '1'~ 

OUT 

01 00 

L L 

L H 

H L 

H H 

X X 

SELECTEO 
EN CHANNEL 

H 1 

H 2 

H 3 

H 4 

L None 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications HA-2400, HA-2404, HA-2405 

Absolute Maximum Ratings 
Voltage Between V+ and V- Terminals .•••.•.•••..•••••.• 45.0V 

Operating Conditions 
Operating Temperature Range 

Differential Input Voltage ............................ VSUPPLY HA-2400-2 •....••••.••••••.••.•..•.•. -55"C:S: T,,:s: +1250C 
Digital Input Voltage ........................ -0.76V to +10.0V HA-2404-4 ............................ -250 C:s: T,,:s: +85°C 
Output Current •••••••.•••• Short Circuit Protected, Isc <±33mA) 
Internal Power Dissipation (Note 13) 

HA-2405-5 ............................. O"C:s: T,,:s: +75°C 
Storage Temperature Range ............... -65"C :s: T,,:s: +15O"C 

Junction Temperature .............................. + 175°C 
Junction Temperature (Plastic Package) •.•.•••••••..•• + 150°C 
Lead Temperature (Soldering 10 Sec.) ..•••..••.•••.... +300"C 

CAUTION: s_ abo ... those listed in "Abso/ufB MBXimum Ratings" may cause permanent damage to rile devlcs. This Is a stress only tating and opetatJon 
of the device at rhese or any other conditions above /hose Indicated In rile opetatJonai sections of /his specl/lcatJon Is not impNed. 

EleCtrical Specifications Test Conditions: V SUPPLY = ±15V, Unless Otherwise Specified. Digital Inputs: VIL = +O.5V, VIH = +2.4. 
Umils apply to each of the four channels, when addressed. 

HA-2400104 LIMITS HA·2405 LIMITS 

PARAMETER TEMP I MIN ITYP MAX I MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 4 9 - 4 9 mV 

Full - - 11 - - 11 mV 

Bias Current (Note 12) +25°C - 50 200 - 50 250 nA 

Full - - 400 - - 500 nA 

Offset Current (Nota12) +25OC - 5 50 - 5 50 nA 

Full - - 100 - - 100 nA 

Input Resistance (Note 12) +25OC - 30 - - 30 - MO 

Common Mode Range Full ±9.0 - - ±9.0 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1, 5) +25°C 50 150 - 50 150 - kVN 

Full 25 - - 25 - - kVN 

Common Mode Rejection Ratio (Note 2) Full 80 100 - 74 100 - dB 

Gain Bandwidth (Notes 3, 14) +25OC 20 40 - 20 40 - MHz 

Gain Bandwidth (Notes 4, 14) +25°C 4 8 - 4 8 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 ±12.0 - ±10.0 ±12.0 - V 

Output Current +25°C 10 20 - 10 20 - rnA 

Full Power Bandwidth (Notes 3, 5, 15) +25°C 640 950 - 640 950 - kHz 

Full Power Bandwidth (Notes 4, 5, 15) +25OC- 200 250 - 200 250 - kHz 

TRANSIENT RESPONSE (Note 16) 

Rise Time (Notes 4, 6) +25°C - 20 45 - 20 50 ns 
OVershoot (Notes 4, 6) +25°C - 25 40 - 25 40 % 

Slew Rate (Notes 3, 7) +25OC 20 30 - 20 30 - VlJiS 

Slew Rate (Notes 4, 7,14) +25°C 6 8 - 6 8 . VlJiS 

Settling Time (Notes 4,7,8, 14) +25OC - 1.5 2.5 - 1.5 2.5 JiS 

CHANNEL SELECT CHARACTERISTICS 

Digital Input Current (VIM = OV) Full - 1 1.5 · 1 1.5 rnA 

Digital Input Current (VIM = +5.0V) Full - 5 - · 5 . nA 

Output Delay (Notes 9,14) +25°C . 100 250 · 100 250 ns 

Crosstalk (Note 10) +25°C -80 -110 - ·74 ·110 - dB 
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Specifications HA-2400, HA-2404, HA-2405 

Electrical Specifications Test Conditions: VSUPPLY = ±15V, Unless Otherwise Specified. Dlgllallnputs: VIL = +O.5V, VIH = +2.4. 
Umlts apply to each of the four channels, when addressed. (Continued) 

I HA·2400104 LIMITS I HA·2405 UMITS I 
PARAMETER I TEMP I MIN I TYP I MAX I MIN I TYP I MAX I UNITS 

POWER SUPPLY CHARACTERISTICS 

Supply Current I +25°C I . I 4.8 I 6.0 I . I 4.8 I 6.0 I rnA 

Power Supply Rejection Ratio (Note 11) I Full I 74 I 90 I . I 74 I 90 I . I dB 

NOTES: 

1. ~=2kn 

2. VCM = ±5VDC 

3. A.J = +10, CCOMP = 0, RL = 2kO, CL = 5OpF. 

4. A.J = +1, CCOMP = 15pF, RL = 2kn, CL = 5OpF. 

5. VOUT = 20V peak to peak. 

6. VOUT = 200mV peak. 

7. VOUT = 10.0V peak to peak. 

8. To 0.1 % offinal value. 

9. To 10% of final value; output then slews at normal rate to final value 

10. Unselected Input to output; VIN = ±10VDC 

11. V SUPPLY = ±10VDC to ±20VDC 

12. Unselected channels have approximately the same Input parameters. 

13. Maximum power dissipation including output load, must be designed to maintain the junction temperature below + 175°C for the ceramic 
package, and below +150oC for the plastic packages. 

14. Guaranteed by design. 

15. Full Power Bandwidth based on slew rate measurement using: FPBW 

16. See Figure 11 for test circuit. 

Schematic Diagram HA·2400 

IN. I"" COMP 

" 01 R2 Rl 
R12 ~ R18 

ONl... J~~* nWl~ n~K UK 
UK Q.8I( 2.OK 

.:' 03 r ;, 
~ OM 028"-' ~ 030 ... 'oao 083 ~ ~ 05 "" 

VE .... 031 099 

~4 L.......: Q2 I'- ~oo 
~, 0102 03S 1 ~ JJ R4 ~ 027 02S? 
032 1 J ~ 0103 1l.:::I: · ....... 086~_ -os R5 R14 R35 

i ' 07 
&11K 10K ~Q37 o.75K .... R30 Q92 .... 

~ Q8 Q9C Q2S O~ .... UK"!; 094' (a95 .... 087 QII3 ..... 
1018 V'~~~ ~ ~T R35 2.OK 1 019 Q22 r. UK R7 Q24 V+ 

5.SK 
~C YO 023 

~ 
;:J r 041 010 088 
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"'""" ~ 
I r--. I"' ...... :JQ40 n j089 
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~017 }ro~~ INPUT STAGES 
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VB VA 042 

0~5 R8 Rl0 R11 R16 R17 R19 R29 
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I, 016 
R9 R15 
UK 10K 

ON 
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Diagram Includes: One Input Slage, Decode Control, Bias Network, and Output Stage 
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HA-2400, HA-2404, HA-240S 

Typical Performance Curves 
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HA-2400, HA-2404, HA-2405 

Typical Performance Curves (Continued) 
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HA-2400, HA-2404, HA-240S 

Typical Applications 

IN 

FIGURE 12. HA·2400 AMPUFIER, NONINVERTING 
PROGRAMMABLE GAIN 

2K 

1K 

500 

500 

11 
Sample Charging Rate = C V / Sec 

12 
Hold Drift Rate = C V / Sec 

Q 
SWitch Pedestal Error = C Volls 

11 -150 X ltr'A 

12 - 200 x 10-41 A at +25"0 
- 600 x 10-41 A at ·55"0 
- 100 x 10-41A at +125°C 
Q -2 x 10.12 Coulomb 

FIGURE 13. HA·2400 SAMPLE AND HOLD 

For more examples. see Harris Application Note 514 
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Features 

• TIL Compatible Inputs 

• Single Capacitor Compensation 

• Low Crosstalk ••••••••••••••••••••••••••• -110dB 

• High Slew Rate ••••••••••••••••••••••••••• 20VlJ,1s 

• Low Offset Current •••••••••••••••••••••••••• 5nA 

• Offsat Voltage •••••••••••••••••••••••••••••• 7mV 

• High Gain-Bandwidth ••••••••••••••••••••• 30MHz 

• High Inputlmpedance •••••••••••••••••••••• 30M!1 

Applications 

• Digital Control Of: 
- Analog Signal Multiplexing 
- Op Amp Gains 

- Oscillator Frequencies 
- FIlter Characteristics 

- Comparator Levels 

• For Further Design Ideas See Application Note 514 

Ordering Information 
PART NUMBER 

HA1·2406·5 

HA3-2406-5 

HA9P2406-5 

HA9P2406-9 

Pinout 

+lN3 

+lN4 

-IN1 

+lN1 

TEMP. RANGE PACKAGE 

O"C to +7SOC 16 Lead Ceramic DIP 

O"C to +7SOC 16 Lead Plastic DIP 

O"C to +7SOC 16 Lead Wide Body SOIC 

-40"C to +85°C 16 Lead Wide Body SOIC 

HA·2406 
(PDIP, CDIP, 300 mil SOIC) 

TOP VIEW 

DO 

D1 

ENABLE 

GND 

COMP ---, 
....r... 

'!t __ ':'_ 

OUTPUT 

HA-2406 
Digitally Selectable Four Channel 

Operational Amplifier 

Description 
The HA-2406 is a monolithic device consisting of four op 
amp input stages that can be individually connected to one 
output stage by decoding two TTL lines into four channel 
select signals. In addition to allowing each channel to be 
addressed, an enable control disconnects all input stages 
from the output stage when asserted low. 

Each input·output combination of the HA-2406 is designed 
to be a 20V/J.1$, 30MHz gain-bandwidth amplifier that is 
stable at a gain of ten. By connecting one external 15pF 
capacitor all amplifiers are compensated for unity gain 
operation. The compensation lead may also be used to limit 
the output swing to TTL levels through suitable clamping 
diodes and divider networks (see Application Note 514). 

Dielectric isolation and short-circuit protected output stages 
contribute to the quality and durability of the HA-240S. 
When used as a simple amplifier, its dynamic performance 
is very good and when its added versatility is considered, 
the HA-2406 is unmatched in the analog world. It can 
replace a number of individual components in analog signal 
conditioning circuits for digital signal processing systems. 
Its advantages include saving board space and reducing 
power supply requirements. 

TRUTH TABLE 

SELECTED 
01 Do EN CHANNEL 

L L H 1 

L H H 2 

H L H 3 

H H H 4 

X X L None 

CAUTION: These dwlces are sensRlve to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2892.1 
Copyright @ Harris Corporation 1993 
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Absolute Maximum Ratings 

Specifications HA-2406 

Operating Conditions 

operating Temperature Range: Supply Voltage Between V+ and V- Terminals ••••••••.•••• 45.0V 
Olflerentlallnput Voltage ••••••••••••.•••••••.••••.•• V SUPPlY 
Output Current •••••••••••• Short Circuit Protected (Isc < ±33rnA) 
Junction Temperature .•.•.•.•.••.••.••••••••••••••• +175°C 
Junction Temperature (Plastic Package) •••••.••••••.•• +15O"C 
Lead Temperature (Soldering 10 Sec.) •.••••••••••••••• +3oooC 

HA-2406-5 .•••••••.•••••••••••.•.•••.•. O"C S TA S +75°C 
HA-2406-9 .•.•.•.•.••••••••••••••••••• -4O"C S TA S +85°C 

Storage Temperature Range .••••••..•••••• -65OC S TA S +15O"C 

CAI/T7ON: SIrsssBs allow thoss listed In ""Abso/uIB MllXimum Ratings" may cause permanent damage to the device. This Is a stress only /Bllng and opeI8l1on 
0/ ths device at Ihese or any other CMdItlons abwB thoaelndlcated In the operationBJ sections of this specllication is not ImpHed. 

Electrical Specifications Test Condltlona: VSUPPLY = 15.0V, Unless OIherwise Specified. Digital Inputs: Vil = +O.5V, VIH = +2.4V. 
Umlts apply to each of the four channels, when addressed. 

HA-2406-5, -II LlMrrs 

PARAMETER TEMPERATURE MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 7 10 mV 

Full - - 12 mV 

Bias Current (Note 12) +25OC - 50 250 nA 

Full - - 500 nA 

Offset Current (Note 12) +25OC - 5 50 nA 

Full - - 100 nA 

Input Resistance (Note 12) +25OC - 30 - Mil 

Common Mode Range Full ±9.0 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1, 5) +25OC 40 150 - kVN 

Full 20 - - kVN 

Common Mode Rejection Ratio (Note 2) Full 74 80 - dB 

Gain Bandwidth (Note 3, 15) +25OC 15 30 - MHz 

Gain Bandwidth (Note 4, 15) +25OC 3 6 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 ±12.0 - V 

Output Current (Note 13) +25OC 10 15 - rnA 

Full Power Bandwidth (Notes 3, 5, 14, 15) +25OC 240 320 - kHz 

Full Power Bandwidth (Notes 4,5, 14) +25OC 64 95 - kHz 

TRANSIENT RESPONSE (Note 16) 

Rise Time (Notes 4, 6) +25°C - 30 100 ns 

Overshoot (Notes 4, 6) +25OC - 25 40 % 

Slew Rate (Notes 3, 7, 15) +25OC 15 20 - V/j1s 

Slew Rate (Notes 4, 7) +25OC 4 6 - VjIlI 

Settling Time (Notes 4, 7, 8, 15) +25OC - 2.0 3.5 jill 

CHANNEL SELECT CHARACTERISTICS 

Digital Input Current (VIN = OV) Full - 1 1.5 rnA 

Digital Input Current (VIN = +5.0V) Full - 15 - nA 

Output Delay (Note 9,15) +25°C - 150 300 ns 

Crosstalk (Note 10) +25OC -74 -110 - dB 
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Specifications HA-2406 

Electrical Specifications Test Conditions: VSUPPLY = 15.0V, Unless Otherwise Specified. Digilallnputs: VIL = +O.5V, VIH = +2.4V. 
Umits apply to each of the four channels, when addressed. (Continued) 

I HA-24D6-S, -9 UMITS I 
PARAMETER I TEMPERATURE I MIN I TYP I MAX I UNITS 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Power Supply Rejection Ratio (Note 11) 

NOTES: 

1.1\=2kn. 

2. VCII = ±5VDC. 

3. Ay = +10, CCOMP = 0, RL = 2kn, CL = 5OpF. 

4. Ay=+1, CCOMP = 15pF, RL = 2kn, CL = 5OpF. 

5. VOUT = 20V peak to peak. 

6. VOUT = 200mV peak to peak. 

7. VOUT = 10.0V peak to peak. 

8. To 0.1 % of final value. 

I +25"0 

I Fuji 

9. To 10% of final value; output then slews at normal rate to final value. 

10. Unselected input to output; VIN = ±10VDC. 

11. VSUPPLy =±10VDCto±20VDC. 

12. Unselected channels have approximately the same input parameters. 

I - I 4.8 I 7.0 

I 74 I 90 I -

13. VouT =±10V. Slew Rate 
14. Full power Bandwidth based on slew rate measurement using: FPBW = 2 V • 
15. Sample tested. It PEAK 

16. See Figure 11 for test circulI. 

Schematic Diagram 
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Diagram Includes: One Input Stage, Decode Control, Bies Network, and Output Stage 
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HA-2406 

Typical Performance Curves 
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HA-2406 

Typical Performance Curves (Continued) 
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Typical Applications 

IN 

FIGURE 12. HA-2406 AMPUFIER, NONINVERTING 
PROGRAMMABLE GAIN 

HA-2406 

2K 

1K 

500 

500 

11 
Sample Charging Rate = CV/Sec 

12 
Hold Drift Rate = C V / Sec 

Q 
Switch Pedestal Error = C Volts 

11 -150 X 10-8A 
12 - 200 x 10-11 A at +25"C 

- 600 x 10-llA at -55"C 
-100 x 10-llA at +125"C 
Q - 2 X 10.12 Coulomb 

FIGURE 13. HA-2406 SAMPLE AND HOLD 

For more examples, see Harris Application Note 514 
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Features 
• Digital Selection of Input Channel 

• Unity Gain Stability 

• Gain Flatness to 10MHz ••••••••••••••••••••• 0.1 dB 

• Differential Gain ••••••••••••••••••••••••••• 0.03% 

• Differential Phase ••••••••••••••••••••••••••• 0.03° 

• Fast Channel Selection •••••••••••••••••••••• SOns 

• Crosstalk Rejection ••••••••••••••••••••••••• 60dB 

Applications 
• Video Multiplexer 

• Programmable Gain Amplifier 

• Special Effects Processors 

• Video Distribution Systems 

• Heads-upINlght Vision Displays 

• Medical Imaging Systems 

• Radar Video 

Ordering Information 

PART 
NUMBER 

HA3-2444-5 

HAg·2444-9 

HA9P2444-5 

HA9P2444-9 

Pinout 

TEMPERATURE 
RANGE PACKAGE 

0"0 to +75°0 16 Lead Plastic DIP 

-40"0 to +85°0 16 Lead Plastic DIP 

0"0 to +75°0 16 Lead Wide Body SOlO 

-40"0 to +85°0 16 Lead Wide Body SOlO 

HA-2444 
(PDIP, 300mll SOle) 

TOP VIEW 

HA-2444 
Selectable, Four Channel 

Video Operational Amplifier 

Description 
The HA·2444 is a channel·selectable video op amp 
consisting of four differential inputs, a single-ended output, 
and digital control circuitry allowing two digital inputs to 
activate one of the four differential inputs. The HA-2444 also 
includes a high impedance output state allowing the outputs 
of multiple HA-2444s to be wire·OR'd. Functionally, the 
HA-2444 is equivalent to four wideband video op amps and 
a wideband multiplexer. 

Unlike similar competitor devices, the HA-2444 is not 
restricted to multiplexing. Any op amp configuration can be 
used with any of the inputs. Signal amplification, addition, 
integration, and more can be put under digital control with 
broadcast quality performance. 

The key video parameters of the HA-2444 have been 
optimized without compromising de performance. Gain 
Flatness to 10MHz is only 0.1dB. Differential gain and phase 
are typically 0.03% and 0.03 degrees, respectively. Laser 
trimming allows offset voltages In the 4.0mV range and a 
unique common current source design assures minimal 
channel-to-channel mismatch, while maintaining SOdB of 
crosstalk rejection at 5MHz. Open loop gain of 76dB and low 
input offset and bias currents enhance the performance of 
this versatile device. 

For information about military grade devices, please refer to 
the HA-24441883 data sheet. The HA-24441883 devices are 
offered in Ceramic DIP and Ceramic Flatpack packages. 

Logic Operation 
TRUTH TABLE 

SELECTED 
EN 01 DO CHANNEL 

H L L 1 

H L H 2 

H H L 3 

H H H 4 

L X X NONE·OUT is set to a high 
impedance state. 

L • Low State (O.SV Max.) 
H = High State (2.4V Min.) 
X • Don1Cara 

CAUTION: Thaaa devices ara sansHiva to alectrostatic discharge. Usars should follow propar I.e. Hsndling Procedures. File Number 2490.5 
Copyright @Harris Corporation 1993 
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Specifications HA-2444 

Absolute Maximum Ratings Operating Conditions 
Supply Voltage Between v+ and V- Terminals .•••••• 35V (±17.5V) Operating Temperature Range 
Differendallnput Voltage •••.•••••.••.••.••••.••.••.•.... 6V HA-2444-5 •••.•••••••••••••.•••.•.••••• O"C S TA S +75°C 
Peak (Short Duration) Output Current .•.••.•..•..•.••...• ±40rnA HA-2444-9 •.•••••••••.••••.••••••••••• -4O"C S TA S +85"C 
Junction Temperature. • • • • . . • . • • . . • . . . . • • • . . • . • . . . • + 175°C Storage Temperature Range •••••.••••••••• -6500 S TA S + 15O"C 
Junction Temperature (Plastic Package) •.••.••.•••••.• +15O"C Thermal Package Characteristics fC/W) BJA BJC 
Lead Temperature (Soldering 10 Sec.) ..•.••.•.•......• +300"C Plastic DIP Package •.•••.•.•••.•..• 88 27 

SOIC Package ••••••.•••.•.•..••••. 96 26 

CAUTION: Stresses abowIlhos9 listsd In "AbsolUIIJ Max/mum Ra6ngs" may caus// permanent damage to the davica. This is a stress only I&lIng and opetBtion 
of the d//vics at these or any other conditions above those Indicated in the CJpel&tionaJ sscIions of this specification is not impOed. 

Electrical Specifications v+ = +15V, v- = -15V, F\. = 1k.O, cL S 10pF, V'L" O.BV, V'H" 2.4V. Unless Oth8lWise Specifiad. 
Specifications Apply to All Channels. 

I HA-2444-5, -9 I 
PARAMETER TEMP I MIN TYP MAX I UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage +2500 - 4 7 mV 

Full - - 15 mV 

Average Input Offset Voltage Drill Full - 10 - I1Vf'C 
Channel to Channel Offset Voltage Mismatch +2500 - - 5 mV 

Full - - 8 mV 

Input Bias Current +2500 - 9 15 IJA 
Full - - 20 IJA 

Average Input Bias Current Drift Full - 0.04 - JIAf'C 
Input Offset Current +25°C - 2 4 IJA 

Full - - 6 IJA 
Average Input Offset Current Drift Full - 10 - nA/'C 

Common Mode Range Full - i11.5 - V 

Differential Input Resistance (Note 16) +2500 50 90 - kO 

Differential Input Capacitance +2500 - 3 - pF 

Input Noise Voltage Density f = 1000Hz +2500 - 26 - nVf{Hz 

Input Noise Current Densily f= 1000Hz +25°C - 4 - pAl-4Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25°C 71 76 - dB 

Full 68 - - dB 

Common Mode Rejection Ratio (Note 4) Full 70 BO - dB 

Minimum Stable Gain +2500 +1 - - VN 

Unity Galn Bandwidth (Notes 2, 5) +2500 - 45 - MHz 

Gain Bandwidth Product (Nota 5) +2500 - 50 - MHz 

Phase Margin (Note 2) +2500 - 65 - Degrees 

Gain Margin (Note 2) +2500 - B.O - dB 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (RL = 1kO) Full ±10 ±11 - V 

Output Voltage Swing (RL = 750) (Note 16) +2500 ±2 - - V 

Full Power Bandwidth (Note 6) Full 3.B 5.1 - MHz 

Output Current (Note 17) Full ±25 - - rnA 

Disabled Output Current (Note 1B) Full - - 860 IJA 
Output Resistance +2500 - 20 - n 
TRANSIENT RESPONSE 

Rise Time (Notes 2, 7) +25OC - 7 - ns 

Overshoot (Notes 2, 7) +2500 - 10 - % 
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Specifications HA·2444 

Electrical Specifications v+ = +15V, v- = -15V,1\ = 1kn, CLS 10pF, VIL = 0.8V, VIH =2.4V. Unless Otherwise Specified. 
specmcatlons Apply to All Channels. (Continued) 

HA-2444-5, -9 

PARAMETER TEMP MIN TYP MAX UNITS 

Slew Rate (Notes 2, 9) Full 120 160 - VIlIS 

Settling Time to 0.1 % of ±1 OV OUtput (Note 8) +25"0 - 120 - ns 

SWITCHING CHARACTERISTICS 

Channel Select Time (Note 10) o to +85"0 - 60 100 ns 

-40 to O"C - 80 125 ns 

OUtput Enable Time (Note 11) Full - 40 100 ns 

Digital Input Voltages VIH Full 2.4 - - V 

VIL Full - - 0.8 V 

DOID1 Input Current (VIL= O.OV Full - 0.7 1 rnA 

(VIH = 5.0V) Full - - 1.2 IIA 
EN Input Current (VIL=O.OV) Full - - 50 IIA 

(VIH= 5.0V) Full - - 1.2 IIA 
Crosstalk Rejection (Note 12) +25°C - 60 - dB 

VIDEO PARAMETERS 

Differential Phase (Note 14) +25OC - 0.03 - Degrees 

Differential Gain (Note 14) +25"0 - 0.03 - % 

Gain Ratness (Notes 2, 13)(10MHz) +25°C - 0.1 - dB 

Chromlnance to Luminance Gain (Note 14) +25"0 - 0.1 - dB 

Chromlnance to Luminance Delay (Note 14) +25"0 - 7 - ns 

POWER SUPPLY 

Icc Full - 20 25 rnA 

lEE Full - 20 25 rnA 

Supply Current (Output Disabled) (Note 19) Full - - 10 rnA 

PSRR (Note 15) Full 65 80 - dB 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be Impaired. 

Functional operation under any of these conditions is not necessarily implied. 
2. Ay=+1. 
3. VOUT = ±5V. 
4. VCM =±5V. 

5. VOUT = ±100mV. Slaw Rata 

8. Full Power Bandwidth is calculated by: FPBW = ~; VpEAK = 5V. 
" PEAK 7. VOUT = 0 to ±200rnV. 

8. Settling time to 0.1 % with a 10V step. Specified with the channel pre-selected and the output stage enabled. Ay = -1. 

9. Vour: -5V to +5V or +5V to -5V. 
10. The time required for an enabled HA-2444 to swUch from one Input channel to another. Measured from the 50% point of the digital Input 

to 50% of the output. Ay = +1 for all channels. VOUT switches from OV to 5V. 
11. The time required to enable the output with a channel preselected. Measured from the 50% point of the Enable input to 4V on the output. 

Ay = +1 for all channels. VIN = 5V for the selected channel. 
12. VIN = 5Vp-p, fo = SMHz, for one of the 3 unselected chamels. VIN = 0 for the selected channel. Ay = +1 for all channels. 

13. VIN = 200mVRMS· 
14. Tested with a VM700A video tester using a NTC-7 Composite input signal. 
15. Vs =±15Vto±20V. 
18. These parameters are not tested. The limits are guaranteed based on lab characterization and rellect lot to lot variation. 
17. VOUT = ±10V, VEN = 2.4V, 50% Duty Cycle max. 

18. VOUT = ±5V, VEN = 0.8V. 
19. Applies to Icc and lEE. VOUT = OV, VEN = 0.8V. 

2-289 



March 1993 

Features 
• High Slew Rate ••••••••••••••••••••••••••• 30V/1J.8 
• Fast Settling •••••••••••••••••••••••••••••• 330ns 

• Wide Power Bandwidth •••••••••••••••••••• 500kHz 

• High Gain Bandwidth •••••••••••••••••••••• 12MHz 

• High Input Impedance •••••••••••••••••••••• SOMa 

• Low Offset Current ••••••••••••••••••••••••• 1 OnA 

• Internally Compensated For Unity Gain Stability 

Applications 
• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

HA2-2500-2 -55"C to + 12S"C 8 Pin TO-99 Can 

HA2-2502-2 -55"C to + 12S"C 8 Pin T0-99 Can 

HA2-250S-S O"C to +75"C 8 Pin T0-99 Can 

HA3-250S-5 O"C to +7S"C 8 Lead Plastic DIP 

HA4P2505-S O"C to +7S"C 20 Lead Plastic LCC 

HA7-2500-2 -55·C to + 12S"C 8 Lead Ceramic DIP 

HA7-2502-2 -55·C to + 12S"C 8 Lead Ceramic DIP 

HA7-250S-5 O"C to +7S·C 8 Lead Ceramic DIP 

Pinouts 

HA-2S00, HA-2S02 
HA-2S0S 

Description 

Precision High Slew Rate 
Operational Amplifiers 

HA-2500, HA-2502, HA-2505 comprises a series of mono
lithic operational amplifiers whose designs are optimized to 
deliver excellent slew rate, bandwidth, and settling time 
specifications. The outstanding dynamiC features of this 
internally compensated device are complemented with low 
offset voltage and offset current. 

These dielectrically isolated amplifiers are ideally suited for 
applications such as data acquisition, R.F., video, and pulse 
conditioning circuits. Slew rates of ±3OVlI1S and 330ns 
(0.1%) settling time make these devices excellent 
components in fast, accurate data acquisition and pulse 
amplification designs. 12MHz small signal bandwidth and 
500kHz power bandwidth make these devices well suited to 
R.F. and video applications. With 2mV typical offset voltage 
plus offset trim capability and 10nA offset current, HA-2500, 
HA-2S02, HA-2S05 are particularly useful components In 
signal conditioning designs. 

The gain and offset voltage figures of the HA-2500 series 
are optimized by internal component value changes while 
the similar design of the HA-2510 series is maximized for 
slew rate. 

Mil-Std-883 product and data sheets are available upon 
request. 

HA-2500102 (CDIP) 
HA-2505 (PDIP, CDIP) 

TOP VIEW 

HA-2505 HA-2500l02I05 
(PLCC) (TO-99CAN) 

TOP VIEW TOP VIEW 
A. 

~ 
~ COMP 

!il !il 0 u u z 

NC 

V+ 

NC 

OUT 

NC 

~ 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications HA-2S00, HA-2S02, HA-2S0S 

Absolute Maximum Ratings (Note 6) 

Supply Voltage Between v+ and V- Terminals ••••.••.•..... 40V 
Differentiallnput Voltage. . . • . . . • . . • • . • • . . • • • • . • . • • . • . . • 15V 
Peak Output Current. ••••••••.•••••••••••••.•••.••.•• 50mA 
Junction Temperature .•.•........••.•.••••••••..... +175°C 
Junction Temperature (Plastic Package) ...••••..•..... +15O"C 
Lead Temperature (Soldering 10 Sec.) ..•....•......... +300oC 

Operating Conditions 
Operating Temperature Range 

HA-250012502-2 ..•........•.....•.••. -5500 S TA S +125°C 
HA-2505-5 •••••.••.•••.•..•..••...••••• O"C S TA S +750C 

Storage Temperature Range •.••..•••..•••. -6500 STAS +15O"C 

CAUTION: Stresses abol/8 those listed in "'Absolute Maximum Ratings" may causa permanent damage to the davies. This is a stress only IBting and op6lBtion 
of the dallice at these or any other conditions aboll8 those Indicated In the opelBtlonsJ sections of this specification is not implied. 

Electrical Specifications v+= +15V, v- =-15V DC 

I HA-2500-2 

PARAMETER TEMP I MIN TVP MAX 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 2 5 

Full - - 8 

Offset Voltage Average Drift Full - 20 -
Bias Current +25°C - 100 200 

Full - - 400 

Offset Current +25"C - 10 25 

Full - - 50 

Input Resistance (Note 10) +25°C 25 50 -
Common Mode Range Full ±10 - -
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1, 4) +25"C 20 30 -
Full 15 - -

Common Mode Rejection Ratio Full 80 90 -
(Note 2) 

Gain Bandwidth Product (Note 3) +25°C - 12 -
OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10 ±12 -
Output Current (Note 4) +25OC ±10 ±20 -
Full Power Bandwidth (Note 4, 11) +25°C 350 500 -
TRANSIENT RESPONSE 

Rise TIme (Notes 1, 5, 7 and 8) +25°C - 25 50 

Overshoot (Notes 1, 5, 7 and 8) +25°C - 25 40 

Slew Rate (Notes 1, 5, 8 and 12) +25"C ±25 ±30 -
Settling Time to 0.1 % +25°C - 0.33 -
(Note 1,5,8 and 12) 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25"C I - 4 I 6 

PSRR (Note 9) Full I 80 90 -
NOTES: 

1. RL=2kn 
2. VCM =±10V 

3. Av>10 
4. Vo =±10V 
5. CL=50pF 
6. Absolute Maximum Ratings are limiting values, applied Individually, 

beyond which the serviceability of the circuit may be impaired. 
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HA-2502-2 I HA-2505-5 I 
MIN TYP MAX I MIN TVP MAX I UNITS 

- 4 8 - 4 8 mV 

- - 10 - - 10 mV 

- 20 - - 20 - IlVi"C 

- 125 250 - 125 250 nA 

- - 500 - - 500 nA 

- 20 50 - 20 50 nA 

- - 100 - - 100 nA 

20 50 - 20 50 - MO 

±10 - - ±10 - - V 

15 25 - 15 25 - kVN 

10 - - 10 - - kVN 

74 90 - 74 90 - dB 

- 12 - - 12 - MHz 

±10 ±12 - ±10 ±12 - V 

±10 ±20 - ±10 ±20 - mA 

300 500 - 300 500 - kHz 

- 25 50 - 25 50 ns 

- 25 50 - 25 50 % 

±20 ±30 - ±20 ±30 - V/IJ.S 

- 0.33 - - 0.33 - IJ.S 

- 4 6 I - 4 6 I mA 

74 90 - 74 90 - I dB 

7. Vo = ±200mV 
8. See Transient Response Test Circuits and Waveforms. 

9. tN=±5V 
10. This parameter value is based on design calculations. 
11. Full Power Bandwidth guaranteed based on slew rate 

measurement using: FPBW = Slew Ratel2ltVpEAK 
12. VOUT = ±5V. 

Ci!CI) 
Za: 
O!!! 
~~ a: a.. 
w:::E 
~c( 



HA-2500, HA-2502, HA-2505 

Schematic 
BAL BAL 

+ INPUT o-+.:..:.:.;=~+-r. 

R13 
30 

R14 
30 
018 

OUTPUT 

~---+-4-----4--~~-------+--4---+-----4---~~~-o~ 

-INPUT 0----------------....1 

Die Characteristics 
li'ansistor Count. . . • . • . • . • . . • . • • • . • • . • • • • • • • • . • • • • • . .• 40 
Die Dimensions .•.•.•..•.•.•..•..••••.•••• 57 x 65 x 19 mils 
Substrate Potential. ....•.•....•••.•••••••••••.••• Unbiased 
Process. . . . . . • • . . • • • . • • • • . . . . . • • . . . . . • . • • • . . •. Bipolar-DI 
Thermal Constants I!'C/W) 9JA 9JC 

Metal Can. . . . . .• . •. • . . . . .. • . . .. . . . 117 36 
Plastlc MinI-DIP. . • . •. • . •. . •. • • •. • •• • 96 34 
Ceramic Mini-DIP . •••..•.. .••.••.•.• 115 36 
Plastlc LCC . . . . • • . • • • • • . • • • • • • • • . • • 74 33 

Settling Time Circuit 

INPUT 21<0 

61<0 

51<0 

+=---_--0 SETTLING TIME 
TEST POINT 

21<0 CR2 

• Ay=-l 

• Feedback and Summing Resistor Ratios should be 0.1 % 
matched. 

• Clipping Diodes CRl and CR2 are optional. HP5082-2810 
recommended. 
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HA-2S00, HA-2S02, HA-2S0S 

Test Circuits 

+5V :~~====== T r-r-' 
OUT~U~ __ ~~__ _ __ L.t~v 'ERROR BAND 

-6 ---- ,f--l SLEW ! ±10mV FROM 
: : AT : RATE : FINAL VALUE 
:: ~ .~V/IlT ! 

L SETTLING -.1 OmV 

TIME 

FIGURE 1. SLEW RATE AND SETTUNG TIME 

L +2ooJ 
INPUT 

OmV 
____ ~ERS!I~ ____________________ _ 

, , , 
: , , 

---1 r- RISE nME 

FIGURE 2. TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV to +200mv and OV to -200mV at the output 

FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mv and OV to -200mV at the output. 

V+ 

IN OUT 

FIGURE 4. SUGGESTED Vos ADJUSTMENT AND 
COMPENSATION HOOK UP 

Tested offset adjustment range is IVas + lmVI minimum referred to 
output. Typical ranges are ±amV with Rr = 20kn 

Typical Performance Curves V+ = +15VDC, V- = -15VDC, TA = +25"C, Unless Otherwise Specified 

100 

80 

60 

1: 40 
!i 
w 
II: 20 II: 

............. 
r--- Bils CU~RENT ----r-... 

1,\ 
8 "--~ OFFSET CURRENT 

0 

-20 

r---. 
~ 

-60 -25 0 +25 +60 +76 +100 +126 

TEMPERATURE ("C) 

FIGURE 5. INPUT BIAS AND OFFSET CURRENT VI. 
TEMPERATURE 
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100 

10K SOURCE ~~!lI!I!Atlc:~ io" 
o SOURCE "":":' '."c'.' ~:: 

..... 100' 
0.1 
100Hz 

.." ~ 

....-:::~ i-" 
THERMAL NOISE 
OF 1 OK RESISTOR 

111111111 1 

1111111 
1 kHz 1 OkHz 100kHz 

FREQUENCY (Hz) 

1 MHz 

FIGURE 6. EQUIVALENT INPUT NOISE VI. BANDWIDTH 
(With 10Hz High Pall Filter) 



HA-2S00, HA-2S02, HA-2S0S 

Typical Performance Curves V+ .. +15VDC. V· = -15VDC. TA .. +25"C. Unless OtherwIse Specified (Continued) 

.. :::----. ........ 
SLEW RATE 

BANI7NIDTH ~ 

0.8 
-10 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE ("C) 

120 

I~ 
I"'- PHASE 

" 

o 

30 

10 -

~ I 
120 ~ 

~ 
150 Do 

110 

-20 
10 100 1K 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 7. NORMAUZED AC PARAMETERS V8 TEMPERATURE FIGURE 8. OPEN LOOP FREQUENCY AND PHASE RESPONSE 

/ 

I 
I 

0.8 
10 

-' ~ 

BJ~LH ./ 

l"...ooo;;':;- t::: ~ - SLEW RATE -

15 20 
SUPPLY VOLTAGE (±V) 

FIGURE 9. NORMALIZED AC PARAMETERS VB SUPPLY 
VOLTAGEAT+250C 

120 

i100 
z 
'I 80 ClI 

~ 10 

~ 40 

§ 
20 

I1111I11 

iIIIII ~ II~:FII 
~ 

~ 
30pF 
100pF 

.... aoOpF 
z 
w 
~ 0 

1oo0pF 

Ii ~ 
-20 

10 100 lK 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 

FIGURE 10. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 

NOTE: External compensation componenls are not required for 
stability. but may be added to reduce bandwidlh if desired. 
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HA-2S00, HA-2S02, HA-2S0S 

Typical Performance Curves v+ = +15VDC, V- = -15VDC, TA = +25"0, Unless Otherwise Specified (Continued) 

10 

VSUPPLY. ~OV_ 
~ r VSUPPLy.:I:15V 

k VSUPPLY • :1:1 O!,;;> 

-~ [/ V 

.. V 

80 
-60 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE ("C) 

1 30 t-t+ttifllk~H1t1ttt-ffiltHHt-t+tt 

ie 

I 25 M-r;;i!mr...,..HlIII1II 
w 20~HH~t-t+Hlffl-;,Hfl~-r~ 

! ~ 15~~~~~~ __ ~Hfl~-r~ 
§! 

! 10 

S 6HH-II-H+lt-++~HI-~~~-r~ 

100K 1MEG 10MEG 
FREQUENCY (Hz) 

FIGURE 11. OPEN LOOP VOLTAGE GAIN va TEMPERATURE FIGURE 12.. OUTPUT VOLTAGE SWING vs FREQUENCY 
AT +25"C 

5 

- VSUPPLY • ~OV .... L 
VSUPPLY • ±15V .......... ;- -::::;; ~ - VSUPPLY • ±10V 

.>*'" 

~ 

3 
-60 -25 0 +25 +50 +76 +100 +125 

TEMPERATURE ("C) 

FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE 
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-/ ~ 
V '\. 

FIGURE 14. VOLTAGE FOLLOWER PULSE RESPONSE 

f\ = 2kO, CL = 50pF 
Upper Trace: Input 
Lower 1l'ace: Output 

Vertical = 5v/Div. 
Horizontal = 200nsIDiv. 
TA = +250C, Vs = ±15V 
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Features 

• High Rate Slew ••••••••••••••••••••••••••• 60Vll1ll 

• Fast SeHlIng •••••••••••••••••••••••••••••• 250ns 

• Wide Power Bandwidth •• __ •• _ ••• __ •••••• 1,OOOkHz 

• High Gain Bandwidth •••••••••••••••••••••• 12MHz 

• High Input Impedance •••••••••••••••••••••. 100Mn 

• Low Offset Currant ••••••••••••••••••••••••• 1 OnA 

• Internally Compensated for Unity Gain Stability 

Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 

Pinouts 
HA-251 0/12 (CDlP) 

HA·2515 (PDIP, CDIP) 
TOP VIEW 

BAl8COMP 
-IN 2 _ V+ 

+IN 3 + 6 OUT 

¥-4 5BAl 
HA-2510/12115 (T0-99 CAN) 

TOP VIEW 

Schematic 
BAL 

HA-2510, HA-2512 
HA-2515 

High Slew Rate Operational Amplifiers 

Description 
HA-251 0/12115 are a series of high performance operational 
amplifiers which set the standards for maximum slew rate, 
highest accuracy and widest bandwidths for internally com
pensated monolithic devices. In addition to excellent 
dynamic characteristics. these dielectrically isolated amplifi
ers also offer low offset current and high input impedance • 

. The ±6OVlIJS slew rate and 250ns (O.1%) settling time of these 
amplifiers is ideally suited for high speed DlA, AID. and pulse 
amplification designs. HA-2S1011211S's superior 12MHz gain 
bandwidth and 1000kHz power bandwidth Is extremely useful 
in R.F. and video applications. For accurate signal conditioning 
these amplifiers also provide 10nA offset current. coupled with 
100Mn input impedance, and offset trim capability. 

Mil-Std-883 product and data sheets are available upon request. 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

HA2-2510-2 -55°C to + 125°C a Pin Can 
HA2-2512-2 -55°C to +125°C a Pin Can 
HA2-2515-5 O"C to +7500 a Pin Can 
HA3-2515-5 OOC to +75OC 8 lead Plastic DIP 
HA7-251 0-2 -55"C to + 125°C a Lead Ceramic DIP 
HA7-2512-2 _55°C to +125OC 8 lead Ceramic DIP 
HA7-2515-5 OOC 1o+75OC a lead Ceramic DIP 

BAL 

CAUTION: These devices are sensRive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2893.1 
Copyright @Harris Corporation 1993 
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Specifications HA-2510, HA-2512, HA-2515 

Absolute Maximum Ratings (Note 6) 
Voltage Between V+ and V- Terminals •••••••••.•••.••••• 4O.0V 
Differential Input Voltage •.•••.•..•.•.•..•.••...•.....•. 15V 
Peak OUtput Current •...••••••••....•••••••..•.•••••• 50mA 
Junction Temperature .•.•••...•••...•.••••••••.•••• +175°C 
Junction Temperature (Plastic Package) .••...•••.••... +1 SOOC 
Lead Temperature (Soldering 10 Sec.) ..............•.. +300"C 

Operating Conditions 
Operating Temperature Range 

HA-2510/12-2 •.••••..•.•..•.•...•..•• -5500 S TA S +125°C 
HA-2515-5 ....••.....•••....••••••••..• O"C S TA S +75°C 

Storage Temperature Range •.......••••••. -65°C STAS +ISOOC 

CAUTION: Stresses abol/ll thoss listed In "Absolute Max/mum Ratings" may cause permanent damage to the davice. This is a stress only IBting and opBlBtion 
of the device at these or any other conditions abol/ll those indicated in the ",elBtlonal sections of this specification Is not Implied. 

Electrical Specifications v+ = +15VDC, v- = -15VDC 

HA-251D-2 

PARAMETER TEMP MIN I TVP 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 4 

Full - -
Offset Voltage Average Drift Full - 20 

Bias Current +25OC - 100 

Full - -
Offset Current +25°C - 10 

Full - -
Input Resistance (Note 10) +25°0 50 100 

Common Mode Range Full ±10.0 -
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1,4) +25°C 10 15 

Full 7.5 -
Common Mode Rejection Ratio (Note 2) Full 80 90 

Gain Bandwidth Product (Notes 3) +25°C - 12 

OUTPUT CHARACTERISTICS 

OUtput Voltage Swing (Note 1) Full ±10.0 ±12.0 

Output Current (Note 4) +25°C ±10 ±20 

Full Power Bandwidth (Notes 4, 11) +25°C 750 1000 

TRANSIENT RESPONSE 

Rise Time (Notes I, 5, 7, 8) +25°C - 25 

OVershoot (Notes I, 5, 7, 8) +25°C - 25 

Slew Rate (Notes I, 5, 8, 12) +25°C ±SO ±S5 

Settling Time to 0.1 % (Notes I, 5, 8, 12) +25°C - 0.25 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25°C - 4 

Power Supply Rejection Ratio (Note 19) Full 80 90 

NOTES: 

1. RL=2kn 

2. VCM = ±10VDC 

3. Ay>10. 

4. Vo=±10V. 

5. CL =5OpF. 

6. Absolute Maxlrrum Ratings ere limiting values, applied Individual
ly, beyond which the serviceability of the circuit may be impaired. 

HA-2512-2 HA-2515-5 

MAX I MIN TVP I MAX I MIN TVP MAX UNITS 

8 - 5 10 - 5 10 

11 - - 14 - - 14 

- - 25 - - 30 -
200 - 125 250 - 125 250 

400 - - 500 - - 500 

25 - 20 50 - 20 50 

50 - - 100 - - 100 

- 40 100 - 40 100 -
- ±10.0 - - ±10.0 - -

- 7.5 15 - 7.5 15 -
- 5 - - 5 - -
- 74 90 - 74 90 -
- - 12 - - 12 -

- ±10.0 ±12.0 - ±10.0 ±12.0 -
- ±10 ±20 - ±10 ±20 -
- 600 1000 - 600 1000 -

50 - 25 50 - 25 50 

40 - 25 50 - 25 50 

- ±4O ±SO - ±4O ±SO -
- - 0.25 - - 0.25 -

6 - 4 6 - 4 6 

- 74 90 - 74 90' -

7. Vo = ±20OmV. 

8. See Transient Response Test Circuits and Waveforms. 

9.1J.V=±5V. 

10. This parameter value Is based on design calculations. 

mV 

mV 

JlVFC 

nA 

nA 

nA 

nA 

MO 

V 

kVN 

kVN 

dB 

MHz 

V 

mA 

kHz 

ns 

% 

V/JlS 

JlS 

mA 

dB 

11. Full Power Bandwidth guaranteed based on slew rate measure
ment using: FPBW = Slew Ratel2ltVPEAK• 

12. VOLrr = ±5V. 
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HA-2510, HA-2512, HA-2515 

Ole Characteristics 
Transistor Count •.•..........•••..•.•.••.••••... 40 
Ole Dimensions ....••••.........••.• 57 x 65 x 19 mils 
Substrate Potential .••......•....••........ Unbiased 
Process .•.•.••.••....•••..••...•..••..•. Bipolar·DI 
Thermal Constants f'CIW) 8JA 8JC 

Metal Can..................... 117 36 
Plastic Mini·DIP . • • . . . . . . . • . . • • • 96 34 
Ceramic Minl·DIP............... 115 36 

Test Circuits 

INP:J L 
+5V •••••••••• '~!!!o._"'iii!!~iii!!"_ .... 

ou:~ .. ::;:::····::::::l .. I~~ ERROR BAND 
•• _-- , --: SLEW ±10mV FROM 

: ! AT : RATE ,FINAL VALUE 
: i : _/lV/IlT : 

LSETTUNQ~ 
nME 

FIGURE 1. SLEW RATE AND SETTUNG TIME 

Settling Time Circuit 

INPUT 2110 

5110 

~ _____ SETTUNGnME 

TEST POINT 

2110 CR2 

• Av =·1 
• Feedback and summing resistor ratios should be 0.1 % matched. 
• Clipping diodes CR1 and CR2 are optional. HP5082·2810 recom

mended. 

OmV 

L +200J 
INPUT 

OmV 

........ ~!'RS.~!?9.! ......................................... . 

, , , , , , , 

~-........... -................. . 

--i :-- RISE nME 

FIGURE 2. TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV to +200mV and OV to ·200mV at the output 

IN~ 
IV I t ... 2_1IO 

__ f .. _ ,:.an 

FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 

NOTE: Measured on both positive and negatlve transitions from OV 
to +200mV and OV to ·20OmV at the output. 

V+ 

IN OUT 

FIGURE 4. SUGGESTED Vas ADJUSTMENT AND COMPENSA· 
TIONHOOKUP 

Tested offset adjustment range is IV os + 1 mVI minlmum referred to 
outpul 1}tplcal ranges are ±6mV with R-r = 20kO 
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HA-2510, HA-2512, HA-2515 

Typical Performance Curves 
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FIGURE 5. POWER SUPPLY CURRENT vs TEMPERATURE 
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Lower Trace: Output TA = +2SoC. V s = ±lSV 

FIGURE 6. VOLTAGE FOLLOWER PULSE RESPONSE 
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HA-2510, HA-2512, HA-2515 

Typical Performance Curves (Continued) 
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Features 

• High Slew Rate .......................... 120Vlj.1s 

• Fast Settling •••••••••••••••••••••••••••••• 200ns 

• Wide Power Bandwidth ••••••••••••••••••••• 2MHz 

• High Gain Bandwidth (Ay 2: 3) ••••••••••••••• 20MHz 

• High Inputlmpedance ••••••••••••••••••••• 100MO 

• Low Offset Current ••••••••••••••••••••••••• 1 DnA 

Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 

Pinouts 

HA-2520, HA-2522 
HA-2525 

Uncompensated High Slew Rate 
Operational Amplifiers 

Description 
HA-252012522/2525 comprise a series of monolithic opera
tional amplifiers delivering an unsurpassed combination of 
specifICations for slew rate, bandwidth and settling time. lhese 
dielectrically isolated amplifiers are controlled at close loop 
gains greater than 3 without external compensation. In addHion, 
these high performance components also provide low offset 
current and high input impedance. 

120v/j.1S slew rate and 200ns (0.2%) settling time of these 
amplifiers make them ideal components for pulse amplifICation 
and data acquisition designs. lhese devices are valuable com
ponents for R.F. and video circuitry requiring up to 20MHz gain 
bandwidth and 2MHz power bandwidth. For accurate signal 
conditioning designs the HA-25201252212525's superior 
dynamic specifications are complemented by 10nA offset cur
rent, 100MO input impedance and offset trim capability. MIL
STD-883 product and data sheets are available upon request. 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

HA2-2520-2 -55°C 10 +125°C 8 Pin Can 

HA2-2522-2 -55°C to +12500 8 Pin Can 

HA2-252S-S OOC 10+75OC 8 Pin Can 

HA3-2525-5 OOC 10+75OC 8 Lead Plastic DIP 

HA4P2S25-S 000 to+7SoC 20 Lead PLCC 

HA7-2520-2 -SSOC to +12Soo 8 Lead Ceramic DIP 

HA7-2522-2 -5SoC 10 +12SoC 8 Lead Ceramic DIP 

HA7-252S-S OOC 10+7SoC 8 Lead Ceramic DIP 

HA9P2S25-S OOC to+75°C 8 Lead SOIC 

HA-2520/22 (CDIP) 
HA-2525 (PDIP, CDIP, SOIC) 

TOP VIEW 

HA-2520/22125 
(TO-99 METAL CAN) 

TOP VIEW 

HA-2525 
(PLCC) 

TOP VIEW 

BALEjCOMP 
-IN 2 7 v+ 
~N 3 + 6 OUT 

11-4 5BAL 

COMP 

CAUTION: These devices are sensitive to elac\rostatlc discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications HA-2520, HA-2522, HA-2525 

Absolute Maximum Ratings (Note 13) 

Supply Voltage (Between V+ and V- Terminals) ..••....••.. 4O.0V 
Differential Input Voltage •••••••••••••••••••••••••.•••• 15.0V 
Output Current. ••..••.•...•.•....•.•••.•.••....••.• SOmA 
Junction Tempera1ure. • . • . • . • • • . . . . • . • • • • • . • . • . • • • • + 175°C 
Junction Temperature (Plastic Package) ••.•••••••.•.•• +15O"C 
Lead Temperature (Soldering 10 Sec.) •••.•...•...•.•.. +300"C 

Electrical Specmcatlons V+=+15VDC, V-=-I5VDC 

HA-252G-2 L1Mrrs 

Operating Conditions 
Operating Temperature Range 

HA-252012522-2 ••••••••.•.•.••••..•.. -55°C S TA S + 125°C 
HA-2525-5 .••.•••.•.•••••.••••.•...••.• O"C S TA S +750C 

Storage Temperature Range •.•.••••....... -6500 S TA S +15O"C 

HA-2522-2 L1Mrrs HA-2525-5 LIMITS 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage +250C - 4 8 - 5 10 - 5 10 mV 

Full - - II - - 14 - - 14 mV 

Offset Voltage Drift Full - 20 - - 25 - - 30 - )J.Vf'C 

Bias Current +25°C - 100 200 - 125 250 - 125 250 nA 

Full - - 400 - - 500 - - 500 nA 

Offset Current +25°C - 10 25 - 20 50 - 20 50 nA 

Full - - SO - - 100 - - 100 nA 

Input Resistance (Note 9) +250 C 50 100 - 40 100 - 40 100 - Mn 

Conmon Mode Range Full ±10.0 - - ±10.0 - - ±10.0 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +25OC 10 15 - 7.5 15 - 7.5 15 - kVN 
(Notes 1,4) 

Full 7.5 - - 5 - - 5 - - kVN 

Conmon Mode Rejection Ratio Full 80 90 - 74 90 - 74 90 - dB 
(Note 2) 

Gain Bandwidth (Notes 3, 12) +25°C 10 20 - 10 20 - 10 20 - MHz 

Minimum Stable Gain +25°C 3 - - 3 - - 3 - - VN 

OUTPUT CHARACTERISTICS 

Output Voltage'Swing (Note 1) Full ±10.0 ±12.0 - ±10.0 ±12.0 - ±10.0 ±12.0 - V 

Output Current (Note 4) +25OC ±10 ±20 - ±10 ±20 - ±10 ±20 - mA 

Full Power Bandwid1h +25OC 1.5 2.0 - 1.2 2.0 - 1.2 2.0 - MHz 
(Notes 4, and 10) 

TRANSIENT RESPONSE (Ay = +3) 

Rise Time (Notes I, 5, 6, and 8) +25OC - 25 SO - 25 50 - 25 SO ns 

C>.!ershoot (Notes I, 5, 6, and 8) +25OC - 25 40 - 25 SO - 25 SO % 

Slew Rale (Notes I, 5, 8, and 11) +25°C ±100 ±120 - ±80 ±120 - ±80 ±120 - V/)J.S 

SeIIIIng TIrl18 (Notes I, 5, 8, 11) +25°C - 0.20 - - 0.20 - - 0.20 - )J.S 
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Specifications HA-2520, HA-2522, HA-2525 

Electrical Specifications V+ = +15VDC, v- = -15VDC (Continued) 

HA-252D-2 LIMITS HA-2522-2 LIMITS 

PARAMETER TEMP 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Power Supply Rejection Ratio 
(Nole7) 

NOTES: 

1. RL=2kn 

2. VCM =±10V 

3. Ay>10 

4. Vo =±10.0V 

5. CL=50pF 

6. Vo = ±200mV 

7.IN=±5.0V 

+25°C 

Full 

MIN TYP 

- 4 

BO 90 

B. See Transient Response Test Circuits and Waveforms. 

9. This parameter value is based on design calculations. 

MAX MIN TYP 

6 - 4 

- 74 90 

10. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = 
11. VOUT= ±5V 

12. Guaranteed by design. 

MAX 

6 

-

Slew Rate 

2ltVpEAK 

HA-2525-5 LIMITS 

MIN TYP MAX UNITS 

- 4 6 rnA 

74 90 - dB 

13. Absolute Maximum Ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be Impaired. Func
tional operation under any of these conditions is not necessarily implied. 

Schematic Diagram 

OFFSEl'-
PIN 1 BAL 1 

OFFSET+ 
BAL2 
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HA-2520, HA-2522, HA-2525 

Die Characteristics Settling Time Circuit 
1l'ansistor Count. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 40 
Die Dimensions ...•.••••••...••.••..•..••• 57 x 67 x 19 mils 
Substrate Potential .•.••.•••.•.••••••••...••••.•.• Unbiased 
Process. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• Bipolar-OJ 
Thermal Constants COClW) 9JA 9JC 

MetaJ can . . . . . . . . . . . . . . . . . . . . . . . . . 117 36 
Plastic Mini-DIP. •• ••• . • •• . ••• . •• . •• . 96 34 
CeramIc Mini-DIP. • • • . • . • • • . • . • • . • • . 115 36 
PLCC .•. ••••.•.•.•.•.•. .••.••.••. 74 33 
SOIC............................. 157 43 16670 

Test Circuits 

+1~87V 
INPUT 
-1.87V 

+IV :ii,ii:::::~ 1-
OU:~::!Q'!fo__ __~ __ ~~ ERROR BAND 

o 0 0 SLEW ±10mV FROM -r: AT :-RATE : FINAL VALUE 
: I , = AV/AT, 

L SEnuNG.J 
TIME 

FIGURE 1. SLEW RATE AND SETTUNG TIME 

IN > __ ...... ---_-00 OUT 

1333n 

J 50pF 

8870 

FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 

4999.90 

~---r---o SETIUNG TIME 
TEST POINT 

CR2 

• Av=-3 
• Feedback and Summing Resistor Ratios should be 0.1% 

matched. 
• Clipping Diodes CRl and CR2 are optional. HP5082-2810 rec

ommended. 

~m:J INP~ 
OV L 

____ c.?Y~RS.!!.<!C?! ____________________ _ 
:l200mV .----- ---~-_____ -

90% ----
o 

OUTPUT ! 
_'Ul~ __ 0 : 

-.: ~ RISE TIME 
OV 

FIGURE 2. TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mV al the output. 

V+ 

IN ouT 

FIGURE 4_ SUGGESTED Vos ADJUSTMENT AND COMPENSA
TION HOOK-UP 

Tested offset adjustment range Is IVos + lmVI minimum referred to 
output. ~plcal ranges are ±20mV with Rr = 20kn 
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HA-2520, HA-2522, HA-2525 

Typical Performance Curves v+ = 15VDC, V- = -15VDC, TA = +25°C, Unless Otherwise Specified 

120 ... I , V.DrS 

" " BIAS CURRENT 1_ 
100 

80 

"'" , 

'" ..... '" -- OFFSET CURRENT 

20 

o 

I I' 
I. o 25 50 75 100 125 

TEMPERATURE ("C) 
-55-50 

FIGURE 5. INPUT BIAS AND OFFSET CURRENTS VB 
TEMPERATURE 

1.3 
I 

U 1.2 

ffi~ 
Iii!c 1.1 
:1m 
i~ 1.0 
c>' 

~~ 
i~ 0.11 

~a: 
z~ 0.8 a: 

VSi±15 

BANDWIDTH lE:V 

SLEW RATE r -r--
BANI7NIDTH _ 

0.7 I 

I -50 -25 0 25 50 75 100 125 

TEMPERATURE ("C) 

FIGURE 7. NORMALIZED AC PARAMETERS VB TEMPERATURE 

1.1 

I I 
I I I S~ 
BANDWIDTH 

2:' SLEW RATE 

0.8 
±10 ±15 

SUPPLY VOLTAGE 

BANI7NIDTH 

FIGURE 9. NORMALIZED AC PARAMETERS v. SUPPLY 
VOLTAGE AT +2SoC 

±20 

>-.a. 

~ z 
I-
:::0 
A. 
iii: 
I-
Z 
~ 
~ 
8 
W 

100 

10 
10K SOURCE RESISTANCE- ..... ~ 

o SOURCE RESISTANCE 

1.0 

........ 
0.1 
100Hz 

~ 

~ i-" 
THERMAL NOISE 
OF 1 OK RESISTOR 

11111111 

11111111 
1 kHz 10kHz 100kHz 

FREQUENCY 
1 MHz 

FIGURE 6. EQUIVALENT INPUT NOISE VB BANDWIDTH 
(WITH 10Hz HIGH PASS FILTER) 

120 
i' 0 

100 3D 

iii ... 
Z 80 60 

~ ~ PHASE 
w60 80 

q; 
w 
w a: 
c:J 

~ ! g40 
~ 20 

~ 

'" GAIN , 120 i 
~ 0 o 

-20 
10 100 1K 

150 ~ 
:z: 
A. 

180 

10K 100K 1M 10M 100M 
FREQUENCY (Hz) 

FIGURE 8. OPEN LOOP FREQUENCY AND PHASE RESPONSE 
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FIGURE 10. OPEN LOOP GAIN RESPONSE FOR VARIOUS VALUES 
OF CAPACrroRS FROM COMPENSAnON PIN TO GND 

NOTE: External compensation components are not required br stabi~ 
but may be added to reduce bandwidth if desired. 
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HA-2520, HA-2522, HA-2525 

Typical Performance Curves v+ = 15VDC. V- = -15VDC. TA = +250 C. Unless Otherwise Specified(Continued) 
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FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE TA = +25°C. Vs = t15V 
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HA-2520, HA-2522, HA-2525 

Typical Application 
10K ,. f.--

ZIt HA-2620 
51( 

SOOpF -!- -=-

IN 

NOTE: Compensation Circuit lor Po., =-1 
Slew Rate - 120VlIIS 
Bandwidth - 10MHz 
Settling Time (0.1 %) - 500ns 
Capacitance at pin 8 must be minimized lor maximum 
bandwidth. 
Tested and functional with supply voltages from ±4V to 
±15V. 

15 iii" ... 
10 ... cr: 

CI 
iii 5 ... 
:!!. GAIN e. 
z 0 0 t: 
~-5 

... 
-4& iii PHASE 1\ ... 

-10 , ..QO ~ 
-15 -135 Do. 

"- -180 

10K 100K 1M 10M 

FIGURE 16. FREQUENCY RESPONSE FOR INVERTING UNITY 
GAIN CIRCUrr 
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HA-2529 
March 1993 

Uncompensated, High Slew Rate 
High Output Current, Operational Amplifier 

Features 

• High Slew Rate .......................... 1S0VlJ.ls 

• Fast Settling •••••••••••••••••••••••••••••• 200ns 

• Wide Power Bandwidth ••••••••••••••••••••• 2MHz 

• Wide Gain Bandwidth (Av ~ 3) •••••••••••••• 20MHz 
• High Inputlmpedance ••••••••••••••••••••• 130MQ 

• Low Offset Current •••••••••.•••••••••••••••• SnA 
• High Output Current ...........•..•.....•...• ±30mA 

Applications 
• Data Acquisition Systems • Signal Generators 
• R.F. Amplifiers • Pulse Amplification 

• Video Amplifiers 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

HA2-2529·2 -55°C to +125°C 8 Pin Can 

HA2-2529-5 OOC to+75°C 8 Pin Can 

HA3-2529-5 OOCto+75OC 8 Lead Plastic DIP 

HA7-2529-2 -55°C to +125°C 8 Lead Ceramic DIP 

HA7-2529-5 OOC to +75°C 8 Lead Ceramic DIP 

HA9P2529-5 OOC to +75OC 8 LeadSOIC 

Pinouts Schematic Diagram 

OFFSEl' 

Description 
The HA·2529 is a monolithic operational amplifier which 
typifies excellence of design. W~h a design based on years of 
experience coupled with the reliable dielectric isolation 
process, this amplifier provides an outstanding combination of 
DC and AC parameters at closed loop gains greater than 3. 

The HA·2529 offers 150V/J.ls slew rate and fast settling time 
(200ns), while consuming a mere 6mA of quiescent current, 
making this amplifier ideal for video circuitry and data 
acquisition designs. With 20MHz gain bandwidth combined 
with 7.5kVN open loop gain, the HA·2529 is an Ideal 
component for demanding signal conditioning designs. This 
device provides ±3OmA output current drive with an output 
voltage swing of ±10V making it suited for pulse amplifier 
and R.F. amplifier components. 

The HA-2529 will upgrade output current, slew rate, offset 
voltage drift and offset current drift in systems presently 
using the HA·2520/22125 or EHA-2520/22125. 

Mil-Std-883 product and data sheets are available upon 
request. 

COMP 

HA-2529 
(PDIP, CDIP, SOIC) 

TOP VIEW PIN 1 BALI 
OFFSET+ 

BAL2 v+ 

HA·2529 
(T0-99 CAN) 

TOP VIEW 

COMP 

-INPUT 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 

Copyright @ Harris Corporation 1993 
2-308 

..... -4--t"Q12A 

D14 

RIO .... 

File Number 2895.1 



Specifications HA-2529 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals ••••••••••••.•.•••• 40.0V 
Differential Input Voltage. • • • • • • . • . • • • • • • • • • • • • • . • . • • • •• 15V 
Peak Output Current. •••••••••••.•••••••••••••••••••• SOmA 
Internal Power Dissipation (Note 10) •••••••••••••••••• 300mW 
Junction Temperature. . • • . • . • . • • • • • • • • • . • • • • . . • . • •• + 175°C 
Junction Temperature (Plastic Package) •••.••••••••.•• +1SOOC 
Lead Temperature (Soldering 10 Sec.) .........•......• +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-2529-2 ........•.•.•.•.•.••••••••. -55"C S TA S +125"C 
HA-2529-5 •••••••.••..••.....••..•..••• ooC S TA S +75°C 

Storage Temperature Range •...•.••••••••• -65"C S TA S +1SOOC 

CAUTION: SIrfIssss &bOWl those listed In "Absolute Msximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the davictJ at these or any other conditions abol/8 thasa indicatlld in the operational sections of this specification is not impHed. 

Electrical Specifications Vs = ±15V, cL = 50pF, RL = 21<0, Unless Otherwise Specifiad 

HA-2529-2 HA-2529-5 
-55"C to +125"C O"C to +75°C 

PARAMETER TEMPERATURE MIN TYP MAX MIN TYP MAX UNrrS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 8) +25°C - 2 5 - 2 10 mV 

Full - - 8 - - 14 mV 

Average Offset Voltage Drift (Note 8) Full - 10 - - 10 - 11V1"C 

Bias Current (Note 8) +25°C - 50 200 - 50 250 nA 

Full - 80 400 - 80 400 nA 

Average Bias Current Drift (Note 8) Full - 0.2 - - 0.2 - nAPC 

Offset Current (Note 8) +25"C - 5 25 - 5 50 nA 

Full - 10 50 - 10 100 nA 

Average Offset Current Drift Full - 0.02 - - 0.02 - nAPC 

Common Mode Range Full ±10 ±13 - ±10 ±13 - V 

Differential Input Resistance (Note 11) +25OC 50 130 - 50 130 - MO 

Differential Input Capacitance +25°C - 3 - - 3 - pF 

Input Noise Voltage (I = 1 kHz) +25°C - 20 - - 20 - nVrIHz 

Input Noise Current (I = 1 kHz) +25OC - 1.8 - - 1.8 - pAr/Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25OC 10 18 - 7.5 18 - kVN 

Full 7.5 15 - 5 15 - kVN 

Common Mode Rejection Ratio (Note 5) Full 80 100 - 74 100 - dB 

Gain Bandwidth Product (Note 2, 11) +250C 15 20 - 15 20 - MHz 

Minimum Stable Gain +25"C 3 - - 3 - - VN 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full ±10 ±12 - ±10 ±12 - V 

Full Power Bandwidth (Notes 3 & 6) +25"C 2.1 2.6 - 2.1 2.6 - MHz 

Output Current (Note 8) +25°C 30 35 - 30 35 - mA 

Full 25 30 - 25 30 - mA 

Output Resistance (Open Loop) +25"C - 30 - - 30 - n 
TRANSIENT RESPONSE (Ay = +3) 

Rise Time (Note 2, 7) +25"C - 20 45 - 20 50 ns 

Overshoot (Note 2, 7) +25°C - 10 30 - 10 30 % 

Slew Rate (Note 3, 7) +25OC 135 150 - 135 150 - VljJS 

Settling Time (Note 4, 7) +25OC - 200 - - 200 - ns 
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Specifications HA-2529 

Electrical Specifications Vs = ±15V. CL = SOpF, RL = 21<0, Unless Otherwise Specified (Continued) 

HA·2529-2 HA·2S29-S 
-ss"C to + 12!i"C O"C to +7!i"C 

PARAMETER TEMPERATURE MIN I TYP I MAX MIN I TYP I MAX UNITS 

POWER SUPPLY CHARACTERISTICS 

SUpply Current Full . I 4.5 I 6 . I 4.5 I 6 mA . 

Power Supply Rejection Ratio (Note 12) Full 80 I 90 I . 74 I 90 I . dB 

NOTES: 

1. Absolute maximum ratings are limiting values. applied Individually beyond which the serviceability of the circuit may be impaired. Func-
tional operability under any of these conditions Is not necessarily Implied. 

2. VOUT = ±2OOmV. Ay ~ 3. 

3. VOUT = ±10V. 

4. Settling TIma Is speclfied to 0.1 % of final value for a 10V output step and Ay = -3. 

5. l!.VCM = ±10V. 
Slew Rate 

6. Full Power Bandwidth Is guaranteed by equation: FPBW = 2 V .. 
. 11 PEAK 

7. See Transient Response and Settling TIme Test CircuitS. 

8. Refer to typical performance curve in data sheet 

9. VOUT=±SV. 

10. Refer to package thermal constants in Ole Characteristics section. 

11. Parameter Is guaranteed by design and characteriZatIon data.· 

12. l!.Vs =±10Vto±20V. 

Die Characteristics Settling Time Circuit 
\ 

Transistor Count •.•••••••••..••.•....••....••... 40 
Die Dimensions ..................... 57 x 67 ~ 19 mils 
Substrate Potential ••••..•••....•..•••.•..•.•••.. V· 
Process ••.••.....•..•.•....•..•••...•... Bipolar·DI 
Thermal Constants fClW) 8JA 8JC 

Metal Can ............... "..... 117 36 
Plastic Mini·DIP .. .. • .. . . • .. • . • . 96 34 
Ceramic Mini·DIP. .. .. .. .. .. .. .. 115 36 
SOIC ........................ 157 43 

!lien 

~ __ ..., __ SETTUNG TIME 

TEST POINT 

CR2 

- Ay=-3 
-Feedback and summing resistor ratios should be 0.1 % matched. 
- Clipping diodes CR1 and CR2 are optional. HP5082·2810 recom-

mended. 
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Test Circuits 

+'.67V I L 
INPUT --1 
-1.~~ ___________ ~_-... -!!:':J~-... --~-----.... 

OU:~!. .. ::;::::···::::::I .. I~V i ···!~R~ BAND 
---- ---I-i AT :-. SLEW : ±10mV FROM 

,; : RATE: FINAL VALUE 
:! I _&V/&T' 

LS~LlNGJ 
TIME 

FIGURE 1. SLEW RATE AND SETTLING TIME 

500 150PF 

6670 
- -- -

FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 

IN 

OUT 

LARGE SIGNAL RESPONSE 
Horizontal Scale: (200nsIDlv.) 
Vertical Scale: (2V1DIv. Input) 

(5V1Dlv. Output). 

OV 

fl 

L~mv 67:J 
INPUT 

OmV 

.•••••. ~~RS.':!~ ••.•••••••.•.•.•••••••••••••••••••••••••.• 

: , , , , 

..... _------_ ................. . 
-....: :.- RISE nME 

FIGURE 2. TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -20OmV at the output. 

OUT 

FIGURE 4. SUGGESTED Vos ADJUSTMENT AND COMPENSA
TION HOOK UP 

Tested offset adjustment range is IVos + 1mVI minimum referred to 
output Typical ranges are +28mV to -18mV with Rr = 20kn 

IN 

OUT 

2-311 

SMALL SIGNAL RESPONSE 
Horizontal Scale: (200nslDIv.) 

Vertical Scale: (5OmVIDIv. Input) 
(l00mVIDiv. Output). 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Typical Applications 

10K 

2K 

10K !'-... 
IN o-..JI.IVV-..... ---t .:. ~~ 

i :A-/>~""'O OUT 

r-V 
SOOpF ..I.SK 

-=--=.,::-
NOTES: 

• Compensation Circuit for Av =-1 

• Slew Rate = 120V/IIS 

15 

10 

iii 5 
:!!. GAIN 
z 0 0 'iii 
< --r- w 

w 
CJ oS -45 a: 

PHASE 1\ CJ 

-10 -Sl0 B , w 
-15 

~ 
-135 ~ :z: 
-180 ... 

• Bandwidth - 10MHz 

• Settling Time (0.1 %) - 500ns 10K 100K 1M 10M 
• Capacitance at pin 8 must be minimized for maximum bandwidth. FREQUENCY (Hz) 

• Tested and functional with supply voltages from ±4V to ±15V. 

FIGURE 17. FREQUENCY RESPONSE FOR INVERTING UNITY GAIN CIRCUIT 
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Features 
• Vary High Slew Rate •••••••••••••••••••••••••••• 600VI),uI 
• Open Loop Gain •••••••••••••••••••••••••••••••• 15kVN 
• Wide Gain-Bandwidth CAy ~ 10) ••••••••••••••••••• 600MHz 
• Power Bandwidth •••••••••••••••••••••••••••••• 9.5MHz 
• Low Offset Voltage •••••••••••••••••••••••••••••••• 8mV 
• Input Voltage Noise ••••••••••••••••••••••••••• 6nVNHi 
• Output Voltage Swing ................................ ±10V 
• Monolithic Bipolar Dielectric Construction 

Applications 
• Pulse and Video Amplifiers 
• Wldeband Amplifiers 
• High Speed Sample-Hold Circuits 
• RF Oscillators 

Ordering Information 
PART NUMBER 
HA1-2539-2 
HA1-2539-5 
HA1·2539-9 
HA 1-25390-5 
HAl -25390-9 
HA3-2539-5 
HA3-2539-9 
HA3·2539C-5 
HMP2539-5 
HA9P2539-5 
HA9P2539-9 
HA9P2539C-5 
HA9P2539C-9 

Pinouts 

TEMP. RANGE 
-55°C 10 +12500 

ooC 10 +7500 
-4O"C 10 +850C 
00010+7500 

-4000 10 +8500 
00010+7500 

-4O"C 10 +85°C 
00010+7500 
00010+7500 
00010+7500 

-4O"C 10 +85°C 
000 10 +75°C 

-4O"C 10 +85°C 

HA-2539 
(PDIP, CDIP, SOIC) 

TOP VIEW 

PACKAGE 
14 Lead Ceramic DIP 
14 lead Ceramic DIP 
14 lead Ceramic DIP 
14 lead Ceramic DIP 
14 lead Ceramic DIP 
14 lead Plastic DIP 
14 lead Plastic DIP 
14 lead Plastic DIP 
20 lead PlCC 
14 lead SOIC 
14 Lead SOIC 
14 lead SOIC 
14 lead SOIC 

(NC) No Connection pins may be tied 10 a ground plane tor better 
isolation and heat dlssipalion. 

HA-2539 
Very High Slew Rate Wideband 

Operational Amplifier 

Description 
The Harris HA-2539 represents the ultimate in high slew 
rate, wideband, monolilhic operational amplifiers. It has been 
designed and constructed with the Harris High Frequency 
Bipolar Dielectric Isolation process and features dynamic 
parameters never before available from a truly differenlial 
device. 

With a 600V/ms slew rate and a 600MHz gain bandwidth 
product, the HA-2539 is ideally suited for use in video and 
RF amplifier designs. in closed loop gains of 10 or greater. 
Full ±10V swing coupled with outstanding AC parameters 
and complemenled by high open loop gain makes the 
devices useful In high speed data acquisition systems. 

For further design assistance please refer to Application 
Note 541 (Using the HA-2539 Very High Slew Rate Wide
band Operational Amplifiers) and Application Note 556 
(Thermal Safe-Operaling-Areas For High Current Opera
tional Amplifiers. 

For military grade product information, the HA-25391883 data 
sheet Is available upon request. 

For a lower power version of this product, please 
see the HA-2839 and HA-2840 data sheets. 

HA-2539 (PlCC) 
TOP VIEW 

~ ~ ~ 

CAUTION: These devices are sensRiva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2896.1 
Copyright@Harris Corporation 1993 
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Specifications HA-2539 

Absolute Maximum Ratings (Note 1) 

Supply Voltage Between V+ and V- Terminals ••••••••••••.• 35V 
Oiffarentlallnput Voltage ••••••.•.•••••••••••.•••••.••••. 6V 
Peek Output Current ••••••••.••••••••••••••.•••••.••• 50rnA 
Continuous Output Current. • • • • • • • • • • • • • • • • • • • • • • •• 33mAnna 
Internal Quiescent Power Dissipation (Note 2) 
Junction Temperature •..••••.••.••..•••••••••••••.• +175°C 
Junction Temperature (Plastic Package) ••.•••••••••••. +1SOOC 
Lead Temperature (Soldering 10 Sec.) .•••••••••••.•••. +3000C 

Operating Conditions 
Operating Temperature Range 

HA-2539-2 ••••••••••••••••••••••••••• -55"0 ~ T" ~ + 125°C 
HA-253912539C-5 •.••.••••••••••••.••••• O"C ~ T" ~ +75"C 
HA-2539-9 .••••••••.••••••.•••••.••••• -4O"C ~ T" ~ +85°C 

Storage Temperature Range ••••••••••••••. -65"0 ~ T" ~ + 15O"C 

CAIJTIO/II: s_ ~ IhoBe listed in "AbsolufIJ Maximum Ratings" may C8UBB permanent damage to the device. This is a stress only I8ting and operation 
ot the device at these or any other conditions IIlIoMo those indicated in the op6l8tioneJ ssctions at this specltlcatlon is not ImpNed. 

Electrical Specifications VSUPPLY = t15\', RL = 1kO, cL < 10pF, Unless Otherwise Specified. 

HA-2539-2 LIMITS HA-2539-5, -9 LIMITS HA-2539C-5, -9 LIMITS 

PARAMETER TEMP I MIN TYP I MAX I MIN TYP MAX I MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 8 10 - 8 15 - 8 15 mV 

Full - 13 15 - 13 20 - 13 20 mV 

Average Offset Voltage Drift Full - 20 - - 20 - - 20 - !lVrC 

BIas Current +25OC - 5 20 - 5 20 - 5 20 ItA 
Full - - 25 - - 25 - - 25 ItA 

Offset Current +25°C - 1 6 - 1 6 - 1 6 ItA 
Full - - 8 - - 8 - - 8 ItA 

Input Resistence +25Oc - 10 - - 10 - - 10 - lin 

Input Capacitance +25OC - 1 - - 1 - - 1 - pF 

Common Mode Range Full t10.0 - - tl0.0 - - tl0.0 - - V 

Input Current Noise +25OC - 6 - - 6 - - 6 - pANHi 
(I = 1kHz, RsoURCE = (0) 

Input Voltage Noise +25OC - 6 - - 6 - - 6 - nVrJHZ 
(f = 1kHz, RSOURCE = (0) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Galn +25°C 10 15 - 10 15 - 7 10 - kVN 
(Notes 3) 

Full 5 - - 5 - - 5 - - kVN 

Common Mode Rejection RatIo Full 60 72 - 60 72 - 60 72 - dB 
(Note 4) 

Minimum Stable Galn +25°C 10 - - 10 - - 10 - - VN 

Gain Bandwldth (Notes 5, 6) +25°C - 600 - - 600 0 0 600 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swlng Full tl0.0 - - t10.0 - - t10.0 - - V 
(Note3,10) 

Output Current (Note 3) +25°C t10 ±20 - t10 ±20 - t10 ±20 - rnA 

Output Resistance +25OC - 30 - - 30 - - 30 - n 
Full Power Bandwldth +25OC 8.7 9.5 - 8.7 9.5 - 8.7 9.5 - MHz 
(Notes 3, 7) 

TRANSIENT RESPONSE (Note 8) 

RIse Time +25°C - 7 - - 7 - - 7 - ns 
Overshoot +25OC - 15 - - 15 - - 15 - % 

SlewRale +25°C 550 600 - 550 600 - 550 600 - VlIJS 

SetUIng TIme: 10V Step to 0.1% +25°C - 180 - - 180 - - 200 - ns 
POWER REQUIREMENTS 
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Specifications HA-2539 

Electrical Specifications VSUPPLY = ±15V, At. = 11<0, CL < 1OpF, Unless Otherwise Specified. (Continued) 

HA·2539-2 LIMITS HA·2539-5, ..g LIMITS HA·2539C-5 • ..g LIMITS 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Supply Current Full . 20 25 . 20 25 . 20 25 mA 

Power Supply Rejection Ratio Full 60 70 . 60 70 . 60 70 . dB 
(Note 9) 

NOTES: 

1. Absolute maximum ratings era omlting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func
tional operation under any of these conditions Is not necessarily Implied. 

2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below + 175"C fer the 
ceramic package and below + 15O"C for the plastic packages. By using Application Note 556 on Safe Operating Area equations, along 
with the packaging thermal resistances listed In the Die Characterilstics section, proper load conditions can be determined. Heat sinking 
is recommended above +75"0 with suggested models: 
Thermalloy 116007 (eSA = 4O"C1W) or AAVID 115602B (eSA = 1SOCJW). 

3. RL = 1kn, Vo = ±10V 

4. Vcu = ±10.0V 
5. Vo=9OmV 

6. Ay= 10 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW 

8. Refer to Test Circuits section of data sheet. 

9. VSUPPLY = +5V, ·15V and +15V, -5V 

Slew Rate 
2ltVpEAK 

10. Guaranteed range fer output voltage Is ±1 OV. Functional operation outside of this range Is not guaranteed. 

Schematic Diagram 

~~~~~ .... -. ........ .-.... -. .... ~~ ................................ -. ............ ~-o v+ 

A22 

~NPUTo-+-__ ~ __ ~ ______ ~ 

R3 

C1 

R 

-INPUT _--~-~f-----":":'--+--I--+--.....J 
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HA-2539 

Ole Characteristics 
Transistor Count. ..•••••••.•.•.•••••••••.••••••• , • . • • •• 30 
Die Dimensions ••••••••••••••••••••••.•••• 75 x 61 X 19 mils 

(1910llm x 1550j1m x 4831lm) 
Substrate Potentlat(Power Up)" ••••••••••••••••.•••••••••• V
Process •••••••••••••••••.•••••••• High Frequency Blpolar-DI 
Passivation ••••••••••••••.••••••.•••.•••.••.•••••• Nitride 
" The substrate rnsy be left floating (Insulating DIe Mount) or It rnsy 

-. be mounted on conductor at V- potential. 

Test Circuits 

IN 

Thermal Constants ("CNI) 
Ceramic DIP ••••••••••..•••••••••• 
Plastic DIP •.•••.••••.••••••••••.•. 
SOIC •••••••••••••••••••••••••••. 
PLCC •••••••••••••.•.••.••••••••• 

8JA 
71 
107 
119 
74 

8JC 
14 
38 
38 
33 

>--t--00 OUT 

Vs =±15V 
Ay=+10 
CLS 10pF 

A 

B 

FIGURE 2. LARGE SIGNAL RESPONSE 
Vertical Scale: A = 0.5VlDiv., B = 5.0VlDiv. 

Horizontal Scale: Time: 5Ons/Div. 

INPUT _..-;2000Wi-~--I 

SETTLE 5ke 
POINT_ ... ------.:.w~-..... 

8000 

1000 

FIGURE 1. TEST CIRCUIT 

FIGURE 3. SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 1 OmVlDiv., Output = 5OmVlDiv. 

Horizontal Scale: 20nslDiv. 

• Ay=-10 
• Load Capacitance should be less than 10pF. 
• It Is recommended that reSistors be carbon composition and that 

feedback and summing network ratios be matched to 0.1%. 
• SETTLE POINT (Summing Node) capacitance should be less 

than 10pF. For optimum settling time results, It is recommended 
that the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with 8-3A sempAng heads 
Is recommended as a settle point monitor. 

FIGURE 4. SETTLING TIME CIRCUIT 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Typical Applications 

FIGURE 17. FREQUENCY COMPENSATION BY OVERDAMPING FIGURE 18. STABILIZATION USING ZtN 

RsllcQ ~101cQ 

INPUT 

..1.. RI 101cQ 
-=-

OUTPUT 

-!-

FIGURE 19. REDUCING DC ERRORS; COMPOSITE AMPLIFIER FIGURE 20. DIFFERENTIAL GAIN ERROR (3%> HA-2539 20dB 
VIDEO GAIN BLOCK 
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Features 

• Very High Slew Rate '" •••••••••••••••••• 400V/~ 
• Fast Settling Time ••••••••••••••••••••••••• 140n. 
• Wide GaIn Bandwidth (Ay:!: 10) •••••••••••• 400MHz 
• Power Bandwidth •••••••••••••••••••••••••• 6MHz 
• Low Offset Voltage •••••••••••••••••••••••••• 8mV 
• Input Voltage Noise •••••••••••••••••••••• 6nVlviii 
• Output Voltage Swing •••.....••..••••••.••••••. ± 10V 
• Monolithic Bipolar Construction 

Applications 
• Pulse and Video Amplifiers 
• Wldeband Amplifiers 
• High Speed Sample-Hold Circuits 
• Fast, Precise DlA Converters 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA1-2540-2 -ssoC to +12500 14 Lead Ceramlc DIP 

HA1-2540-5 000 to +7500 14 Lead Ceramic DIP 

HA1-2540-9 -4O"C to +85OC 14 Lead Ceramlc DIP 

HA1-2540C-5 000 to +7500 14 Lead Ceramic DIP 

HA1-254OC-9 -40"Cto~C 14 Lead Ceramlc DIP 

HA3-2540-5 000 to +7500 14 Lead Plastic DIP 

HA3-2540-9 -40"C to +85"C· 14 Lead Plastic DIP 

HA3-2540C-5 000 to +75°0 14 Lead Plastic DIP 

HA4P2540-S 000 to+7Soo 20 Lead PLCC 

HA9P2540-S 000 to +75°C 14 Lead SOIC 

HA9P2540-9 -40°C to +8SoC 14 LeadSOIC 

HA9P254OC-5 000 to +7500 14 Lead SOIC 

HA9P254OC-9 -40°C to +8SoC 14 LeadSOIC 

Pinouts 
HA-2540 (CDIP, PDIP, SOIC) 

TOP VIEW 

Description 

HA-2540 
Wideband, Fast Settling 

Operational Amplifier 

The Harris HA-2540 is a wideband, wry high slew rate, 
monolithic operational amplifier featuring superior speed and 
bandwidth characteristics. Bipolar construction coupled with 
dielectric isolation allows this truly differential device to 
deliver outstanding performance in circuits where closed 
loop gain is 10 or greater. Additionally. the HA-2540 has a 
drive capability of ±10V into a 1kn load. Other desirable 
characteristics include low input voltage noise. low offset 
voltage, and fast settling time. 

A 400VlIlS slew rate ensures high performance in video and 
pulse amplification Circuits. while the 400MHz gain-band
width product is ideally suited for wideband signal amplifICa
tion. A settling time of 140ns also makes the HA-2540 an 
excellent selection for high speed Data Acquisition Systems. 

Refer to Application Note 541 and Application Note 556 for 
more information on High Speed Op Amp applications. HA-
25401883 MIL-STD-883 data sheet is available on request. 

For a lower power version of this product, please see 
the HA-2840 and HA-2850 datasheets. 

HA-2540 (PLCC) 
TOP VIEW 

u u u u u z z z z z 

NC 

NC 

v+ 

NC 

OUT 

U U U U z z z z 

CAUTION: These devices are sensHiw to electrostatic discharge. Users shculd follow proper I.C. Handling Procedures. File Number 2897.1 
Copyright @ Harris Corporation t 993 
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Specifications HA-2540 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals •••••••••••••••••••• 35V 
Differenliallnput Voltage •••••••.••••••.••.••.••••••••••• 6V 
Output Current •••••.•••••• 33mArms (Continuous), SOmA (Peak) 
Internal Power Dissipation (Note 2) . 
Junction Temperature. • . • . • • . . . . • • . . • . • • • • • • • . • • • •• + 175°C 
Junction Temperature (Plastic Packages) ••..•••••..••.. +15O"C 
Lead Temperature (Soldering His) ..•.•••..••.•••.••.• +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-2540-2 ••.••••••.•...•........•••. _55°C S TA S +12500 
HA-25401254OC-5 .•..•.•..•.••.....••.•• O"C S TA S +750C 
HA-25401254OC-9 .••.••.•••.•..•••.••.• ...woC S TA S +85°C 

Storage Temperature Range ..••.••..•..... -65°C S TA S +15O"C 

CAUTION: Stresses above IhoS8 listed In "Absolute Maximum .Ratings" may cause permanent damage to ths device. This Is a stress only tatfng and opeta/ion 
of ths device at thsss or any other conditfons above thcsII indicated In ths opetationaJ SlICtionS of this spBClflcation Is not implilld. 

Electrical Specifications VSUPPLY = t15V, RL = lkn, cL < 10pF, Unless Otherwise Specified. 

HA-254D-2 HA-254D-5. -9 HA-254DC-5. -9 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +2SCC - 8 10 - 8 15 - 8 15 mV 

Full - 13 15 - 13 20 - 13 20 mV 

Average Offset Voltage Drift Full - 20 - - 20 - - 20 - Jl.vfJC 

Bias Current +250C - 5 20 - 5 20 - 5 20 .JI.A 

Full - - 25 - - 25 - - 25 JI.A 

Offset Current +250C - 1 6 - 1 6 - 1 6 JI.A 

Full - - 8 - - 8 - - 8 JI.A 

Input Resistance +25OC - 10 - - 10 - - 10 - kn 

Input Capacitance +250C - 1 - - 1 - - 1 - pF 

Common Mode Range Full tl0 - - tl0 - - tl0 - - V 

Input Noise Current +250C - 6 - - 6 - - 6 - pANHz 
(f = 1 kHz, RSOURCE = on) 

Input Noise Voltage +250C - 6 - - 6 - - 6 - nVNHz 
(f = 1 kHz, RSOURCE = on) 

TRANSFER CHARACTERISTICS 

. Large Signal Voltage Gain (Note 3) +25OC 10 15 - 10 15 - 7 10 - kVN 

Full 5 - - 5 - - 5 - - kVN 

Common-Mode Rejection Ratio Full 60 72 - 60 72 - 60 72 - dB 
(Note 4) 

Minimum Stable Gain +2500 10 - - 10 - - 10 - - VN 

Gain Bandwid1h Product (Notes 5 & 6) +250C - 400 - - 400 - - 400 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3, 10) Full tl0 - - tl0 - - tl0 - - V 

Output Current (Note 3) +250C tl0 t20 - tl0 ±20 - tl0 ±20 - mA 

Output Resistance +250C - 30 - - 30 - - 30 - n 

Fun Power Bandwidth (Notes 3, 7) +250C 5.5 6 - 5.5 6 - 5.5 6 - MHz 
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Specifications HA-2540 

Electrical Specifications VSUPPLY = ±15V, RL = 1kO, CL < lOpF, Unless Otherwise Spacified. (Continued) 

HA·2540-2 HA·2540-5, -II HA·254DC-5, -II 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TRANSIENT RESPONSE (Note 8) 

Rise Time +2500 · 14 · · 14 · · 14 · ns 

Overshoot +250C · 5 · · 5 · · 5 · % 

Slew Rate +250C 320 400 · 320 400 · 320 400 · VlIlS 

SeWing Time: 10V Step to 0.1 % +2500 · 140 · · 140 · · 140 · ns 

POWER REQUIREMENTS 

Supply Current Full · 20 25 · 20 25 · 20 25 rnA 

Power Supply Rejection Ratio (Note 9) Full 60 70 · 60 70 · 60 70 · dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func· 
tional operability under any of these conditions is not necessarily implied. 

2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below + 17SOC for the 
ceramic package, and below + 15O"C for the plastic package. By using Application Note 556 on Safe Operating Area Equations, along 
with the packaging thermal resistances listed in the Ole Characteristics section, proper load conditions can be determined. Heat sinking 
Is recommended above +75"0 with suggested models: 
Therrnalloy #6007 (OBA!!! 4QOCIW) or AA VID #5602B (OBA!!! 1 SOCNI). 

3. RL = lkn,'vo = ±10V. 

4. Vcu=±10V. 

5. VO=90mV. 

6. fly = 10. . Slew Rate 
7. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = 2 V • 

It PEAK 8. Refer to Test Circuits section of the data sheel 

9. VSUPPLY = +5V. ·15V and +15V, -5V. 

10. Guaranteed range for output voltage is ±10V. Functional operation outside of this range is not guaranteed. 
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HA-2540 

Schematic Diagram 

+ INPUT 

-INPUT 

Z1 

Die Characteristics 
Transistor Count ................................ 30 
Die Dimensions. . . . . . . . . . • • . • • . . . • •• 75 x 61 x 19 mils 

(191OJ,Lm x 1550!Un x 483J.Ul1) 
Substrate Potential (Power Up)· •....•••..••.•.••.•. V
Process .......•...••.....•. High Frequency Bipolar-DI 
Passivation ......••..•..•..••••••••..••...•. Nitride 

*The substrate may be left floating (Insulating Die Mount) or It may 
be mounted on a conductor at V- potential. 

Ott1! 

Thermal Constants e,oCIW) 
Ceramic DIP .................. . 
Plastic DIP ................... .. 
SOIC ....................... .. 
PLCC ...•.....•.........•..... 
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HA-2540 

Test Circuits 

VIN ----no.~-1--_ ~ Vour 
1100 

100 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: A = O.5V101v., B = 5.OV/OIv.) 

Horizontal Scale: (TIme: 5Ons/DiY.) 
Vertical Scale: Input = 1OmVIDIv.; Output = 50mVlOIv. 

Horizontal Scale: 20ns/Dlv. 

II. 

B 

INPUT 200Q 

soon 

SETTLE 
POINT 

y. 2110 

OUTPUT 

T:ROBE 
lMONITOR 

o Ay=.10. 

o Load Capacitance should be less than 10pF. Turn on time 
delay typically 4ns. 

o It is recommended that resistors be carbon composition 
and the feedback and summing network ratios be 
matched to 0.1 %. 

o SETTLE POINT (Summing Node) capacitance should be 
less than 1OpF. For optimum settling time results, it is rec
ommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling OScillo
scope with S-3A sampling heads is recommended as a 
settle point monitor. 

FIGURE 2. SEnLlNG TIME TEST CIRCUIT 
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Performance Curves 
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AND SUPPLY VOLTAGE 
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Performance Curves (Continued) 
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HA-2540 

Applications 

+Y 

+---~~~~~ 
-Y 

2K 

FIGURE 15_ WIDEBAND SIGNAL SPLITTER 

NOTE: With one HA-2540 and two low capacitance switch
ing diodes, signals exceeding 10MHz can be 
separated. This circuit is most useful for full wave 
rectification, AM detectors or sync generation. 

R1' v+ 
4K 

1K 

R2• 
4K 

SIGNAL 
OUT 

1K 

R:r T 4K 

R •• 
4K 

Y-

FIGURE 16. BOOTSTRAPPING FOR MORE OUTPUT CURRENT 
ANDYOLTAGESWING 

NOTES: 

1. Used for experimental purposes. Cf '" 3pF. 
2. C1 is optional (O.OOl~F -+ O.Q1~F ceramic). 
3. R5 is optional and can be utilized to reduce input signal amplitude 

and/or balance input conditions. As = 500n to 1 kn. 

Refer to Application Note 541 For Further Applications Information 
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HARRIS 
SEMICONDUCTOR HA-2541 

March 1993 

Wideband, Fast Settling, 
Unity Gain Stable, Operational Amplifier 

Features 
• Unity Gain Bandwidth ••••••••••••••••••••• 40MHz 

• High Slew Rate •••••••••••••••••••••••••• 250Vlj.ls 

• Low Offset Voltage ••••••••••••••••••••••••• 0.8mV 

• Fast Settling Time (0.1 %) •••••••••••••••••••• 90ns 

• Power Bandwidth •••••••••••••••••••••••••• 4MHz 

• Output Voltage Swing (Min) .....•..•.......••.• ±1 OV 

• Unity Gain Stability 

• Monolithic Bipolar Dielectric Isolation Construction 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise D/A Converters 

• High Speed AID Input Buffer I For a lower power version of this product, please see I 
the HA-2841 data sheet. 

Pinouts 
HAl-2541 (CDIP) 

TOP VIEW 

HA2-2541 (TO·S CAN) 
TOP VIEW 

Schematic Diagram 

QN45 

QN44 

Z41 

Description 
The HA-2541 is the first unity gain stable monolithic operational 
amplifier to achieve 40MHz unity gain bandwidth. A major addi
tion to the Harris series of high speed, wideband op amps, the 
HA-2541 is designed for video and pulse applications requiring 
stable amplifier response at low closed loop gains. 

The uniqueness of the HA-2541 is that its slew rate and bandwidth 
characteristics are specified at unity gain. Historically, high slew 
rate, wide bandwidth and unity gain stability have been incompati
ble features for a monolithic operational amplifier. But features such 
as 250V/j.ls slew rate and 40MHz unity gain bandwidth clearly 
show that this is not the case for the HA-2541. These features, 
along with 90ns settling time to 0.1 %, make this product an excel
lent choice for high speed data acquisition systems. 

Mil-Std-SS3 product and data sheets are available upon request. 

For further application suggestions on the HA-2541, please refer 
to Application Note 550 (Using the HA-2541), and Application 
Note 556 (Thermal Safe Operating Areas for High Current Oper
ational Amplifiers). Also see 'Applications' in this data sheet. 

Ordering Information 
PART NUMBER TEMP. RANGE PACKAGE 

HAl-2541-2 -55°C to +125°C 14 Lead Ceramic DIP 

HAI-2541-5 OOC to +75°C 14 Lead Ceramic DIP 

HA2-2541-2 -55°C to +125°C 12 Pinean 

HA2-2541-5 OOC to +75°C 12 Pin Can 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2898.1 
Copyright © Harris Corporation 1993 
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Specifications HA-2541 

Absolute Maximum Ratings (Note 1) 

Voltage Between v+ and V- Terminals ••.••••••••.••..•••• 35V 
Dilferentiallnput Voltage ................................ 6V 
Peak Output Current ................................. SOmA 
Continuous Output Current ......................... 28~MS 
Junction Temperature (Note 11). • . • .. • . . • • • • . .. • . • ... + 175°C 
Lead Temperature (Soldering 10 Sec.) ....•...•........ +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-2541-2 ••..••..•.•.•....•..•••.••• -55"0 s T" S +125°C 
HA-2541-5 ............................. O"CS T"s +75°C 

Storage Temperature Range ....••..••..••• -65°C S T" S +1 SOOC 

CAUTION: stresses &bow thoss listed in 'Absolute Max/mum Ratings' may caUSB permatIflnt damage to the davies. This Is a stress only IBtirrg and opelBtion 
of the device at the6s or any other conditions &bow thoae indicated in the OPSlBtionaI sections of this specification is not impHed. 

Electrical Specifications VSUPPLY = ±15V, RL = 11<0, CL S 10pF, Unless Otherwise Specified 

HA-2541-2 HA-2541-5 
-5SOC to +12S0C OOCto +7SOC 

PARAMETER TEMP MIN I TYP MAX MIN I TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage +25°0 - 0.8 2 - 1 2 mV 

Full - - 6 - - 6 mV 

Average Offset Voltage Drift Full - 9 - - 9 - jl.VI"O 

Bias Current +25°0 - 11 35 - 11 35 jJ.A 

Full - - 50 - - 50 jJ.A 

Average Bias Current Drift Full - 85 - - 85 - nAf'C 

Offset Current +25°0 - 1 7 - 1 7 jJ.A 

Full - - 9 - - 9 jJ.A 

Input Reslstence +25°0 - 100 - - 100 - kn 

Input Capacitance +25°0 - 1 - - 1 - pF 

Common Mode Range Full ±10 ±11 - ±10 ±11 - V 

Input Noise Voltage (f = 1 kHz, Rg = 00) +25°0 - 10 - - 10 - nVNHZ 

Input Noise Current (f = 1 kHz, Rg = 00) +25°0 - 4 - - 4 - pANHz 
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25°0 10 16 - 10 16 - kVN 

Full 5 - - 5 - - kVN 

Common Mode Rejection Ratio (Note 5) Full 70 90 - 70 90 - dB 

Minimum Stable Gain +25°0 1 - - 1 - - VN 

Unity Gain Bandwidlh (Note 6) +25°0 - 40 - - 40 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 4) Full ±10 ±11 - ±10 ±11 - V 

Output Current (Note 4) +25°0 ±10 ±15 - ±10 ±15 - mA 

Output Resistance +25°0 - 2 - - 2 - 0 

Full Power Bandwidth (Note 3 & 7) +25°C 3 4 - 3 4 - MHz 

Differential Gain (Note 2) +25°C - 0.1 - - 0.1 - % 

Differential Phase (Note 2) +25°C - 0.2 - - 0.2 - Degrees 

Harmonic Distortion (Note 10) +25°C - <0.01 - - <0.01 - % 

TRANSIENT RESPONSE (Note 8) 

Rise Time +25°C - 4 - - 4 - ns 

Overshoot +25°C - 40 - - 40 - % 

Slew Rate +25OC 200 2SO - 200 2SO - VljJ.S 
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Specifications HA-2541 

Electrical Specifications VSUPPLY = ±15V, RL = 11<0, CL S 1OpF, Unless Otherwise Specilied (Continued) 
, 

HA-2541-2 HA-2541-5 
-55"C to + 125"C OOCto +7SOC 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

Settling Time 

10V Step to 0.1% +25°0 - 90 - - 90 - ns 

10V Step to 0.01% +25°0 - 175 - - 175 - ns 

POWER REQUIREMENTS 

Supply Current +25°0 - 29 - - 29 - rnA 

Full - - 40 - - 40 rnA 

Power Supply Rejection Ratio (Note 9) FuU 70 80 - 70 78 - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceebmty 01 the circuit may be impaired. Func-
tional operability under any 01 these conditions is not necessarily implied. 

2. Differential Gain and Phase are measured with a 1V differential voltage at5MHz. 

3. Vo=±10V 

4. RL= lkn 
5. VCM =±10V 

6. Vo=9OmV. 
Slew Rate 

7. Full Power BandwIdth guaranteed based on slew rate measurement using FPBW = 2xV • 
8. Refer to Test Circuits section oflhis data sheet PEAK. 

9. VsuPPLy .. ±5VOCto±15VOC. 

10. I = 10kHZ; "-I = 5; Vo = 14Vp.p 

11. This value assumes a no load condition: Maximum power dissipation with load conditions must be designed to maintain the maximum 
junction temperature below +175"C. By using Application Note 556 on Sale operating Area equations, along with the packaging thermal 
resistances listed in the Ole Characteristics seelion, proper load conditions can be determined. Heat sinking is recommended above 
+75"C with suggested modeis: 

14 Lead Ceramic DIP: 
Therrnalloy #6007 or AA VlD #5602B (SSA = 1 ff>CNI). 

12 Lead Metal Can (TQ-8): 
Therrnalloy #2240A (SSA - 2PC/W) or #2266B (SSA = 24°CIW) 

Die Characteristics Settling Time Circuit 
Transistor Count •••••••••••.•••••••••••...••..•. 41 SETTUNG 
Die Dimensions •••••.•••••••..•••.•• 89 x 79 x 19 mils 

* * 
POINT 

Substrate Potential (Power Up)· •••••••••••...•.•••. v-
Process ...................... High Frequency Bipolar -=!:-
Dielectric Isolation Passivation ••••••••••••••.•••• Silox &len lien 
ThermalConstanmf~ 8JA 8JC 

Ceramic DiP ••••••••••••••••••• 71 13 21en 

Metal Can •••••.••••••••••••••• 56 29 21en 
YIN 

~ Your 
• The substrate may be left lIoating (Insulating Ole Mount) or it may 

be mounted on a conductor at V- potential. 

• "-1=-1 
• Feedback and summing resistor ratios should be 0.1 % matched. 

• HP5082-2Bl0 clipping diodes recommended. 

• Tektronix P6201 FET probe used at seWing point 
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HA-2541 

Test Circuits 

VIII 

Vour 

FIGURE 1. TEST CIRCUIT 

Vss= ±15V 
Ay=+1 
CL~ 10pF 

SMALL SIGNAL RESPONSE LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: 5VlDiY.) 

Horizontal Scale: (Time: 5Ons/DIY.) 
Ver1lcal Scale: (VIN = 10OmVlDiv., VOUT = 50mVlDiv.) 

Horizontal Scale: (Time: 20ns/Div.). 

VIN 

OV 

VOUT 

OV 

PROPAGATION DELAY 
Ver1lcal Scale: (Volts: = 100mV/DIv.) 
Horizontal Scale: (Time: 5ns/Dly.). 
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Vs = ±15V, RL = lkO 
T= +25"0 

OV 

OV 

Propagation delay variance Is negligible 
CNer fuillemperature range. 
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HA-2541 

Typical Performance Curves 
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FIGURE 2. INPUT RESISTANCE va FREQUENCY 
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FIGURE 4. NOISE DENSITY VI FREQUENCY (T" = +25°C) 
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FIGURE 5. BIAS CURRENT DRIFT WITH TEMPERATURE 
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HA-2541 

Typical Performance Curves (Continued) 
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HA-2541 

Typical Performance Curves (Continued) 
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FIGURE 15_ SMALL SIGNAL BANDWIDTH vs SOURCE 
RESISTANCE (Vs = ±15V, RL = 1kn) 
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Suggested Offset Voltage Adjustment 

2-336 

Tested Offset Adjustment Range is IVos + 1 mVI 
minimum referred to output. Typical range is 
±15mV for RT = 5k!l 
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HA-2541 

Applications (Also see Application Note 550) 

Application 1 

High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the "high power" capability is 
needed to drive large capacitive loads as well as low value 
resistive loads. In both cases the final driver stage Is usually 
a power transistor of some type, but because of their inher
ently low gain, several stages of pre-drivers are often 
required. The HA-2541, with its 10mA output rating, is p0w

erful enough to drive a power transistor without additional 
stages of current amplification. This capability is well demon
strated with the high power buffer circuit in Figure 17. 

T.he HA-2541 acts as the pre-diiver to the output power tran
SISto~. Together, they form a unity gain buffer with the ability 
to drive three 500 coaxial cables in parallel, each with a 
capacitance of 2000pF. The total combined load is 16.60 
and 6OO0pF capacitance. 

LOAD 16.60; 6000pF 
OR 12.5Q; 6000pF 

FIGURE 17. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 

Application 2 

Video 

One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal con
struction, synchronization addition and removal, as well as 
signal modification. A wide bandwidth device such as the 
HA-2541 is well suited for use in this class of amplifier. This, 
however, is a more involved group of applications than ordi
nary amplifier applications since video signals contain pre
cise DC levels which must be retained. 

The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 18 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 

FIGURE 18. VIDEO DC RESTORER 
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HA-2542 
Mar.ch 1993 

Wideband, High Slew Rate, High Output 
Current Operational Amplifier 

Features Description 

• Stable at Gains of 2 or Greater The HA-2542 is a wideband, high slew rate, monolithic oper· 
ational amplifier featuring an outstanding combination of 

• Gain Bandwidth •••••••••••••••••••••••••• 70MHz speed, bandwidth, and output drive capability. 

• High Slew Rate (MIn) ••••••••••••••••••••• 300Vll1s 

• High Output Current (MIn) •••••••••••••••••• 100mA 

• Power Bandwidth (Typ) •••••••••••••••••••• S.5MHz 

• Output Voltage Swing (Min) .•..••.•.••.....•••• ±10V 

• Monolithic Bipolar Dielectric Isolation Construction 

Applications 
• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

• Coaxial Cable Drivers 

• Fast Sampl.HoId Circuits 

• High Frequency Signal Conditioning Circuits 

Ordering Information 

PART NUMBER 

HA1-2542-2 

HA1-2542-5 

HA2-2542-2 

HA2-2542-5 

HA3-2542-5 

Pinouts 

TEMP. RANGE 

-55"C to + 125°C 

000 to +75°0 

-55"C to +125"0 

000 to +75"0 

000 to +75°C 

HA-2542 
(pDIP, COIP) 
TOP VIEW 

PACKAGE 

14 Lead CeramIc DIP 

14 Lead Ceramic DIP 

12 Pin Oan 

12 Pin Can 

14 Lead Plastic DIP 

Utilizing the advantages of the Harris 0.1. technology this 
amplifier offers 350VlILS slew rate, 70MHz gain bandwidth, 
and ±100mA output current. Application of this device is fur· 
ther enhanced through stable operation down to closed loop 
gains of 2. 

For additional flexibility, offset null and frequency compensa· 
tion controls are included in the HA-2542 pinout. 

The capabilities of the HA-2542 are ideally suited for high 
speed coaxial cable driver circuits where low gain and high 
output drive requirements are necassary. With 5.5MHz full 
power bandwidth, this amplifier is most suitable for high 
frequency Signal conditioning circuits and pulse video ampli
fiers. Other applications utilizing the HA-2542 advantages 
include wideband amplifiers and fast sample·hold circuits. 

For more information on the HA-2542, please refer to Appli
cation Note 552 (USing the HA-2542), or Application Note 
556 (Thermal Saf.Operating·Areas for High Current Op 
Amps). 

For a lower power version of this product, please see 
the HA-2842 data sheet. 

HA-2542 
(T008 METAL CAN) 

TOP VIEW 

CAUTION: These davicas are sensltlw to electrostatic discharge. Users should follow proper I.e. Handling Procedures. File Number 2899.1 
Copyright e Harris Corporation 1993 2-338 



Specifications HA·2542 

Absolute Maximum Ratings (Note 1) 

Supply Voltage (Between V+ and V- Terminals) ••••••••••••• 35V 
Differential Input Voltage ••••••••.••••••••••••••••••••••• 6V 
Output Current ••••••••..••••••..•••••••••••• 125mA (Peak) 

50mA (Continuous) 
Junction Temperature (Note 11) •.•••••.•••••••••••••• +175°C 
Junction Temperature (Plastic Package) ••..•.•••..•.•. +15O"C 
Lead Thmperature (Soldering 10 Sec.) ................. +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-2542-2 .••....•••..•••.•••...•.•.. -5500 S T" S + 125°C 
HA-2542-5 ..•.•.••.•...•.••••..••.•.•••. DOCs T" S +7500 

Storage Temperature Range •••••••..••.•.. -6500 S T" S + 15O"C 

CAUTION: SIrMsss abooo8 Ihoss Iisled In "Abso/u19 Maximum Rallngs" may caUSII psrm8/Il1111 damagll to "'" dsvica This is a slrBss only I8tJng and opatatlon 
of tha dllvice al thsSB or any othllr conditions abo"" Ihoslllndical9d In "'" opfIl8tiDnai ssctJons of Ih/s spacificatiDn Is nol impliBd. 

Electrical Specifications VSUPPLY = ±15V, RL = 1 kn, CL S 10pF, Unless Otherwise Specified. 

HA-2542-2 HA-2542-5 
-55"C to + 125"C O"C to + 75°C 

PARAMETER TEMPERATURE MIN TYP MAX MIN I TVP I MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 5 10 - 5 10 mV 

Full - 8 20 - 8 20 mV 

Average Offset Voltage Drift Full - 14 - - 14 - IlVt'C 

Bias Current +25OC - 15 35 - 15 35 IlA 
Full - 26 50 - 26 50 IlA 

Average Bias Current Drift Full - 66 - - 45 - nAf'C 

Offset Current +25°C - 1 7 - 1 7 IlA 
Full - - 9 - - 9 IlA 

Input Resistance +25OC - 100 - - 100 - kn 

Input Capacitance +25°C - 1 - - 1 - pF 

Common Mode Range Full ±10 - - ±10 - - V 

Input Noise Voltage (0.1 Hz to 100Hz) +25OC - 2.2 - - 2.2 - IlVp.p 

Input Noise Density (f = 1 kHz, Ra = 00) +25°C - 10 - - 10 - nVNHz 

Input Noise Current Density (f = 1 kHz, Ac; = 00) +25°C - 3 - - 3 - pANHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25°C 10 30 - 10 30 - kVN 

Full 5 15 - 5 20 - kVN 

Common Mode Rejection Ratio (Note 4) Full 70 100 - 70 100 - dB 

Minimum Stable Gain +25°C 2 - - 2 - - VN 

Gain Bendwidth Product (Note 5) +25°C - 70 - - 70 - MHz 

OUTPUT CHARACTERISTICS 

OUtput Voltage Swing Full ±10 ±11 - ±10 ±11 - V 

Output Current (Note 6) +25OC 100 - - 100 - - mA 

Output Resistance +25°C - 5 - - 5 - n 

Full Power Bandwidth (Notes 3, 7) +25°C 4.7 5.5 - 4.7 5.5 - MHz 

Differential Gain (Note 2) +25°C - 0.1 - - 0.1 - C)f, 

Differential Phase (Note 2) +25°C - 0.2 - - 0.2 - Degree 

Harmonic Distortion (Note 10) +25°C - <0.04 - - <0.04 - % 

TRANSIENT RESPONSE (Note 8) 

Rise TIme +25°C - 4 - - 4 - ns 

Overshoot +25OC - 25 - - 25 - % 

Slew Rate +25°C 300 350 - 300 350 - V/IJ.S 
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Specifications HA-2542 

Electrical Specifications VSUPPLY = ±15V, RL = 11<0, CL S 10pF, Unless Otherwise Specified. (Continued) 

HA-2542-2 HA-2542-5 
-55"C to + 125"C O"C to +75"C 

PARAMETER TEMPERATURE MIN I TYP MAX MIN I TYP MAX UNITS 

TRANSIENT RESPONSE (Note 8) Continued 

Settling Time 

10VSteptoO.1% +25°C - 100 - - 100 - ns 

10V Step to 0.01% +25°C - 200 - - 200 - ns 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25°C - 30 - - 30 - rnA 

Full - 31 34.5 - 31 40 rnA 

Power Supply Rejection Ratio (Note 9) Full 70 79 - 70 79 - dB 

NOTES: 

1. Absolute maxlmwn ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func-
tional operability under any of these conditions Is not necessarily Implied. 

2. Differential gain and phase are measured at 5MHz with a 1 V differential Input voltage. 
3. ~ = 1kn, Vo = ±10V. 
4. VcM =±10V. 

5. AvcL = 100. 
6. At. = 500, Vo = ±5V, Output duty cycle must be reduced for lOUT> SOmA (e.g. S5O% duty cycle for 100mA). 

Slew Rate 
7. Full Power Bandwidth guaranteed based on slew rate measurement USing FPBW = 2l1V • 
8. Refer to Test Circuits section of this date sheet PEA K 

9. VSUPPLY = ±5VDC to ±15VDC. 

10. VIN = 1VRMs: f = 10kHz; ""' = 10. 
11. Maximwn power dissipation with load conditions must be designed to melntein the maximum junction temperature below +17500 for ce

ramic and can packages, and below +15000 for plastfc packages. By using Appl1catlon Note 556 on Safe Operating Area equations, 
aJong with the packaging thermal resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat
sinking will be required in many appl1calions. See Performance Curve beiow to determine if heat sinking Is required for your application. 
Some suggested healslnk models are: 
14 Lead Ceramic DIP: 
Therrnalloy 116007 or AAVID 115602B (6SA = 16"CIW) 
12 Pin Metal Can (T0-8): 
Therrnalloy 112240A (9SA = ~CNI) or 112268B (9SA = 24°CNI) 

Die Characteristics 
Transistor Count. • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • . . • • • . • 43 
Die Dimensions ••••••••••••••••••.••••••• 72 x 105 x 19 mils 

(1820llm x 2670j1m x 485Ilm) 
Substrate Potential· •••••••••••••••.••..•••.•••.••••••.. V-
Process ••••.•••.•••••••••.••••••• High Frequency Blpolar-DI 
Passivation. . • . • . • • • • • . • • • . • • • • • • . • • • • • • • • • • • . . . • . Nitride 
Thermal Package Characteristics (OCNI) 9JA 9JC 

Ceramic DIP. • • • • • • • • • • • • • • . • • • . • • • 71 13 
Plastic DIP •.••••••••••••••••••.••• 68 27 
Metal Can. • • • • • . • • • • • • • • . • • • • • • . • • 56 29 

• The substrate may be left floating (Insulating Ole Mount) or it may 
be mounted on a conductor at V- potential. 

120 

g100 
3i 

~ w 80 
:r: 

Iso 
~ 40 
~ i 20 
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-- I'--. :-t: r-r-~ - ........:::---r- I'--
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2-340 



HA-2542 

Schematic Diagram 
BAL BAL 

y+ 

A11 R7 R8 Rt R10 R25 R12 R28 R15 
750 5kQ iT5ll 5kQ 
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Test Circuits 
TEST CIRCUrr 

VS=±1SV 
Ay=+2 
CL S10pF 

SMALL SIGNAL RESPONSE 
Vertical Scale (Volts: 100mVIDIv.) 
Horizontal Scale (Time: SOns/Div.) 

SETTLING TIME TEST CIRCUrr 

HA-2542 

LARGE SIGNAL RESPONSE 
Verticel Scale (Volts: VIN = 2.0VIDIv •• VOUT = 5.0V/DIv.) 

Horizontal Scale (Time: 200nslDlv.) 

PROPAGATION DELAY 
Vertical Scale (Volts: 100mVlDiv.) 
Horizontal Scale (TIme: 10nslDiv.) 

Vs = ±15V, RL = 1 kn Propagation delay variance 
Is negligible over full temperature range 

~~------~~-oSFITUNG • Ay=-2. 
POINT 

2.Skn 

soon 
YIN --~W~""'--~>--1 _____ YOUT 

• Feedback and summing resistors must be matched (0.1 %). 

• HP5Q82-2810 clipping diodes recommended. 
• Tektronix P6201 FET probe used at setlling poinl 

• For 0.01 % settling time. heat sinking is suggested to reduce 
thermal effects and an analog ground plane with supply 
decoupling is suggested to minimize ground loop errors. 
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HA-2542 

Typical Performance Curves 
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FIGURE 1. INPUT NOISE VOLTAGE AND INPUT NOISE 
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HA-2542 

Typical Performance Curves (Continued) 
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HA-2542 

Typical Performance Curves (Continued) 
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HA-2542 

Application Information 
Typical Applications 
(Refer to Application Note 552 for Further Information) 

The Harris HA-2542 is a state of the art monolithic device 
which also approaches the "ALL-IN-ONE" amplifier concept. 
This device features an outstanding set of /Ie parameters 
augmented by excellent output drive capability providing for 
suitable application in both high speed and high output drive 
circuits. 

Primarily intended to be used in balanced 500 and 750 
coaxial cable systems as a driver, the HA-2542 could also be 
used as a power booster in audio systems as well as a 
power amp In power supply circuits. This device would also 
be suitable as a small DC motor driver. 

The applications shown in Figures 17 through Figure 19 
demonstrate the HA-2542 at gains of +100 and +2 and as a 
video cable driver for small signals. 

Prototyplng Guidelines 

For best overall performance in any application, it Is recom
mended that high frequency layout techniques be used. This 
should include: 1) mounting the device through a ground 
plane: 2) connecting unused pins (N.C.) to the ground: 3) 
mounting feedback components on Teflon standoffs and or 
locating these components as close to the device as possi
ble: 4) placing power supply decoupling capacitors from 
device supply pins to ground. 

As a result of speed and bandwidth optimization, the HA-
2542 can's case potential, when powered-up, is equal to the 
V- potential. Therefore, contact with other circuitry or ground 
should be avoided. 

Typical Applications 

IN~. OUT 
lIIIon 

10n 

Frequency Compensation 

The HA-2542 may be externally compensated with a single 
capacitor to ground. This· provides the user the additional 
flexibility in tailoring the frequency response of the amplifier. 
A guideline to the response is demonstrated on the typical 
performance curve showing the normalized A.C. parameters 
versus compensation capacitance. It Is suggested that the 
user check and tailor the accurate compensation value for 
each application. As shown additional phase margin is 
achieved at the loss of slew rate and bandwidth. 

For example, for a voltage gain of +2 (or -1) and a load of 
500pF12kO, 20pF Is needed for compensation to give a small 
signal bandwidth of 30MHz with 40° of phase margin. If a full 
power output voltage of ±10V Is needed, this same configu
ration will provide a bandwidth of 5MHz and a slew rate of 
200Vll1s. 

If maximum bandwidth is desired and no compensation is 
needed, care must be given to minimize parasitiC capaci
tance at the compensation pin. In some cases where mini
mum gain applications are desired, bending up or totally 
removing this pin may be the solution. In this case, care 
must also be give~ to minimize load capacitance. 

For wideband positive unity gain applications, the HA-2542 
can also be over-compensated with capacitance greater 
than 30pF to achieve bandwidths of around 25MHz. This 
over-compensation will also improve capacitive load han
dling or lower the noise bandwidth. This versatility along with 
the ±100mA output current makes the HA-2542 an excellent 
high speed driver for many power applications. 

40 

{30 
1 20 

" 10 

o 

FREOUENCY (OdB) .. 44.9MHz, PHASE MARGIN (OdB) = 40" 
"-'ct. = 1 00 PHASE AND GAIN 

FIGURE 17. NONINVERTING CIRCUIT (AvCL = 100) 
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Typical Applications (Continued) 

INC1:- OUT son 
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FREQUENCY (dB) = 56MHz, PHASE MARGIN (3d B) = 40" 

AyCL = 2 PHASE AND GAIN 
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iii II 
:!!. 
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o 

FIGURE 18_ NONINVERTING CIRCUIT (AvCL. 2) 

VIDEO CABLE DRIVER PULSE RESPONSE (lV/DIY.; l00nS/DIV.) 

IN ~
5n 

w! 0 I r~ 1kn 75n 

1kn 

OUT 

FIGURE 19. VIDEO CABLE DRIVER (AvCL = 2) 

Suggested compensation scheme 5pF - 20pF. 

Tested Offset Adjustment Range is IVas +1mVI 
minimum referred to output 

"TYpical range is ±20mV with Rr = 5kn 

FIGURE 20_ SUGGESTED OFFSET VOLTAGE ADJUSTMENT AND FREQUENCY COMPENSATION 
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Features 
• Gain Bandwidth •••••••••••••••••••••••••• 50MHz 
• High Slew Rate •••••••••••••••••••••••••• 150V/I18 
• Low Supply Current •••••••••••••••••••••••• 10mA 
• Differential Gain Error •••••••••••••••••••••• 0.03% 
• Differential Phase Error •••••••••••••••• 0.03 Degrea 
• Gain Flatness at 1OMHz •••••••••••••••••••• 0.12dB 

Applications 
• Video Systems • Imaging Systems 
• Video Test Equipment • Pulse Amplmers 
• Radar Displays • Signal Conditioning Circuits 
• Data Acquisition Systems 

Orderlnglnfortnaffon 
PART NUMBER TEMP. RANGE PACKAGE 
HA2-2544-2 -55"C to +125"C 8 Pin T0-99 Can 
HA2-2544-5 O"C to +75"0 8 Pin rO-99 Can 
HA3-2544-5 O"C to +75"0 8 Lead Plastic DIP 
HA3-2544C-5 O"C to +75"0 8 Lead Plastic DIP 
HA4P2544-5 O"C to +75"0 20 Lead PLCC 
HA4P2544C-5 O"C to +75"0 20 Lead PLCC 
HA7-2544-2 -55"C to +125OC 8 Lead Ceramlc DIP 
HA7-2544-5 O"C to +75"0 8 Lead Ceramic DIP 
HA9P2544-5 O"C to +75"0 8 LeadSOIC 
HA9P2544-9 -40"0 to +85"C 8 LeadSOIC 
HA9P2544C-5 O"C to +75"0 8 LeadSOIC 
HA9P2544C-9 -40"0 to +85"C 8 Lead SOIC 

Pinouts 

HA-2544 
Video Operational Amplifier 

Description 
The HA·2544 is a fast. unity gain stable. monolithic op amp 
designed to meet the needs required for accurate 
reproduction of video or high speed signals. It offers high 
voltage gain (6kVN) and high phase margin (65 degrees) 
while maintaining tight gain flatness over the video 
bandwidth. Built from high quality Dielectric Isolation. the 
HA·2544 is another addition to the Harris series of high 
speed. wldeband op amps. and offers true video 
performance combined with the versatility of an op amp. 

The primary features of the HA·2544 include SOMHz Gain 
Bandwidth. 150VlllS slew rate. 0.03% differential gain error 
and gain flatness of just 0.12dB at 10MHz. High perfor· 
mance and low power requirements are met with a supply 
current of only 10mA. 

Uses of the HA·2544 range from video test equipment . 
guidance systems. radar displays and other precise Imaging 
systems where stringent gain and phase requirements have 
previously been met with costly hybrids and discrete 
circuitry. The HA-2544 will also be used in non·video 
systems requiring high speed signal conditioning such as 
data acquisition systems. medical electronics. specialized 
instrumentation and communication systems. 

Military (/883) product and data sheets are available upon 
request. 

HA·2544 (PDIP, CDlP, SOIC) 
HA-2544C (PDIP, SOIC) 

TOP VIEW 
HA·254412544C 

(PLCC) 
TOP VIEW 

HA·2544 
(T0-99 CAN) 
TOP VIEW 

Ne 

v-

CAUTION: These devices are aensHIve to electrostalic discharge. Users should follow proper I.C. Handling Procedures. File Number 2900.1 
Copyrlght@Harris Corporation 1993 
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Absolute Maximum Ratings (Note 1) 

Specifications HA-2544 

Operating Conditions 
Operating Temperature Range Voltage Between V+ and V- Terminals •••••••••••••••••••• 35V 

Differential Input Voltage (Note 11) •••••••••••••••••••••••• 6V HA-254412544C-5 ....•..•..••••.•.••.••• O"C S TA S +75"<: 
Peak Output Current .•.••.....••.•••..•••••.••••.•..•.. ±4OrnA HA-2544-9 •.•.••.•..•.••••••••••.••••. -4O"C S TA S +85°C 

HA-2544-2 ••••••••••.••.••••.••.••••. -55"<: S TA S + 125°C Junction Temperature. . . • • . • . • • . • • • • • . • . . . • . • • . • . •• + 175°C 
Junction Temperature (Plastic Package) ••.•••.•.••.••. + 15O"C 
Lead Temperature (Soldering 10 Sec.) ..•••••••.••..••• +3000C 

Storage Temperature Range .•.••..••••..•. -65"<: S TA S + 15O"C 

CAUTION: Stresses abo .... those Iisled in -Absolu18 Max/mum Ra/ings" may ceuse permanent damage to the device. This is e stress only rating and operation 
of the dfWlce at /hese or any other conditions abolo"8 those fndical8d in the operational sections of this specificelion is not implied. 

Electrical Specifications Vs = ±15V, cL S 10pF, RL = 11dl, Unless Otherwise Specified 

HA-2544-2f-5 I HA-2544C-S I 
PARAMETER TEMP I MIN TYP I MAX MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

OfIset Voltage +25°C - 6 15 - 15 25 mV 

-2, -5 - - 20 - - 40 mV 

-9 - - 25 - - 40 mV 

Average Offset Voltage Drift (Note 9) Full - 10 - - 10 - I1Vf'C 

Bias Current +25°C - 7 15 - 9 18 IJ.A 
Full - - 20 - - 30 IJ.A 

Average Bias Current Drift (Note 9) Full - 0.04 - - 0.04 - IJ.A/"C 
OfIset Current +25OC - 0.2 2 - 0.8 2 IJ.A 

Full - - 3 - - 3 IJ.A 
Offset Current Drift Full - 10 - - 10 - nAfOC 

Common Mode Range Fun ±10 ±11.5 - ±10 ±11.5 - V 

Differential Input Resistance +25OC 50 90 - 50 90 - kn 

Differential Input CapaCitance +25°C - 3 - - 3 - pF 

Input Noise Voltage (I = 1 kHz) +25°C - 20 - - 20 - nVNHz 

Input Noise Current (I = 1 kHz) +25°C - 2.4 - - 2.4 - pAr/Hz 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 9) +25°C - 1.5 - - 1.5 - I1Vp.p 

0.1Hzto 1MHz +25OC - 4.6 - - 4.8 - I1VRMS 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 4, 9) +25OC 3.5 6 - 3 6 - kVN 

Full 2.5 - - 2 - - kVN 

Common Mode Rejection Ratio (Notes 6, 9) -2, -5 75 89 - 70 89 - dB 

-9 75 89 - 65 89 - dB 

Minimum Stable Gain +25°C +1 - - +1 - - VN 

Unity Gain Bandwldth (Notes 3, 9) +25°C - 45 - - 45 - MHz 

Gain Bandwldth Product (Notes 3, 9) +25°C - 50 - - 50 - MHz 

Phase Margin +25°C - 65 - - 65 - Degrees 

OUTPUT CHARACTERISTICS 

Output Voltage Swlng Full ±10 ±11 - HO ±11 - V 

Full Power Bandwldth (Note 7) +25°C 3.2 4.2 - 3.2 4.2 - MHz 

Peak Output Current (Note 9) +25OC ±25 ±35 - ±25 ±35 - rnA 

Continuous Output Current (Note 9) +25°C ±10 - - ±10 - - rnA 

Output Resistance (Open Loop) +25°C - 20 - - 20 - n 

2-349 



Specifications HA·2544 

Electrical Specifications Vs = ±15V, CL s 10pF, At. = 11<0, Unless Otherwise Specified (Continued) 

I HA-2544-2J..5 I HA-2544C-5 I 
PARAMETER TEMP I MIN TYP MAX I MIN TYP MAX I UNITS 

TRANSIENT RESPONSE 

RIse Time (Note 3) +2SOC - 7 - - 7 - ns 

OIershoot (Note 3) +25"0 - 10 - - 10 - % 

Slew Rate +25"0 100 150 - 100 150 - V/IJS 

Settling Time (Note 5) +25OC - 120 - - 120 - ns 

VIDEO PARAMETERS At. = 1kn (Note 10) 

Differential Phase (Note 12) +25"0 - 0.03 - - 0.03 - Degree 

Differential Gain (Notes 2, 12) +25OC - 0.0026 - - 0.0026 - dB 

+25OC - 0.03 - - 0.03 - % 

Gain Flatness 

5MHz +25OC - 0.10 - - 0.10 - dB 

10MHz +25°C - 0.12 - - 0.12 - dB 

Chromlnance to luminance Gain (Note 13) +25"0 - 0.1 - - 0.1 - dB 

Chrominance to luminance Delay (Note 13) +25OC - 7 - - 7 - ns 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full - 10 12 - 10 15 rnA 

Power Supply Rejection Ratio (Notes 8, 9) -2,-5 70 80 - 70 80 - dB 

-9 65 80 - 65 80 - dB 

NOTES: 

1. Absolute maximum ratings are limiting valUes, applied individually beyond which the serviceability of the circuit may be Impaired. Func
tional operability under any of these conditions Is not necessarily implied. 

2. AD"" = [,:D ~dS) _,] X '" . 
3. VOUT = ±100mV. For Rise Time and Overshoot testing, VOUT Is measured from 0 to +200mV and 0 to -200mV. 

4. VOUT =±5V 

5. Settling Time is specified to 0.1% of final value for a 10V step and fI., = -1. 

6. IJ.VCM = ±10V 

7. Full Power Bandwidth Is guaranteed by equation: Full Power Bandwidth 

8. IJ.VS =±10to±20V 

= SlewRsle (v =) 
211: VpEAK PEAK 5V. 

9. Refer to typical performance curve In Date Sheet. 

10. The video parameter specifications will degrade as the output load resistance decreases. 

11. To echieve optimum AC performance, the input stage was designed without protective diode clamps. Exceeding the maximum differential 
Input voltage results In reverse breakdown of the base-emitter junction of the Input transistors and probable degradation of the Input 
parameters especially Vas, los and NoIse. 

12. Tested with a VM700A video tester, USing a NTC-7 Composite input signal. For adequate test repeatability, a minimum warm-up of 2 
minutes Is suggested. fI., = +1. 

13. C-LGain and Col Delay was lesa than the resolution of the test equipment used which Is 0.1 dB and 7ns, respectively. 
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HA-2544 

Schematic 
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Die Characteristics 
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~ OUTPUT 

3 R3 
36n 

-'-'QP84 
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Transistor Count •..•.••••••••..•.....•.......... 44 
Die Dimensions. • • . • . • • • . . . • • . . • . . •. 80 x 65 x 19 mils 
Substrate Potential" •.....•.....•....•••••.••.••.. v
Process ••..•.•..•.....••.. High Frequency Bipolar 0.1. 
Passivation .•..•..•••.•.•...........•....... Nitride 

Thermal Constants i,!'CIW) OJA 
111 
92 
114 
157 
74 

Metal Can •....••...•......••.• 
Plastic Mini-DIP ..•.......•.••••. 
Ceramic Mini-DiP •..•••.•.••••.• 
SOIC .••••.................... 
PLCC ••.••••.••••....••.•••... 

°JC 
34 
30 
35 
43 
33 

" The substrate may be left floating (Insulating Die Mount) or It may 
be mounted on a conductor at V- potential. 
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HA-2544 

Test Circuits 

-Vs 

Vs .. ±15V 
"-1=+1 
Rs = 500 or 750 (Optional) 
RL= 11<0 
CL < 10pF 

V1N for Large Signal = ±5V 
VIN for Small Signal = 0 to +200mV 
and 0 to -200mV 

FIGURE 1. TRANSIENT RESPONSE 

LARGE SIGNAL RESPONSE 
VoUT =Oto+10V 

Vertical Scale: (VIN = 5VIDIv.; VOUT = 2V1DIv.) 
Horlzontel Scale: (100nslDiv.) 

r-~ ______ ~~~SFnUNG 
POINT 

5kQ 

2kQ 

2kQ 
VIN _ ..... --W..,... .... -I >--...... -VOUT 

• "-1=-1 

SMALL SIGNAL RESPONSE 
VOUT = 0 to +200mV 

Vertical Scale: (V1N = 100mV/Div.; VOUT = 100mVIDIv.) 
Horizontal Scale: (100nslDIv.). 

• Feedback and summing resistor ratios should be 0.1 % matched. 

• HP5082-2810 clipping diodes recommanded. 

• Tektronix P6201 FET probe used at settling point. 

FIGURE 2. SEnUNG TIME TEST CIRCUIT 

Tested offset adjustment range is IVos + 1mVI minimum referred to 
output. "iYpical range for Rr = 20kO is approximately ±30mV. 

FIGURE 3. OFFSET VOLTAGE ADJUSTMENT 
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HA-2544 

Typical Performance Curves 
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FIGURE 6. NOISE VOLTAGE (Av = 1000) 
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HA-2544 

Typical Performance Curves (Continued) 
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Typical Video Performance Curves 
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Typical Video Performance Curves (Continued) 
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AppHca#onsandProductGuideHnes 
The HA-2544 is a true differential op amp that is as versatile 
as any op amp but offers the advantages of high unity gain 
bandwidth, high speed and low supply current. More Impor
tant than its general purpose applications is that the 
HA-2544 was especially designed to meet the requirements 
found in a video amplifier system. These requirements 
include fine picture resolution and accurate color rendition, 
and must meet broadcast quality standards. 

In a video signal, the video information" is carried In the 
amplitude and phase as well as in the DC level. The 
amplifier must pass the 30Hz line rate luminance level and 
the 3.58MHz (NTSC) or 4.43MHz (PAL) color band without 
a~ering phase or gain. The HA-2544's key specifications 
aimed ~t meeting this include high bandwidth (50MHz), very 
low gain flatness (0.12dB at 10MHz), near unmeasurable 
differential gain and differential .E!:!ase (0.03% and 0.03 
degrees), and low noise (20nVl'i'Hz). The HA-2544 meets 
these quidelines. 

The HA-2544 also offers the advantage of a full output 
voltage swing of ±1 OV into a 1 kn load. This equates to a full 
p~wer bandwidth of 2.4MHz for this ±10V signal. If video 
Signal levels of ±2V maximum is used (with RL = 1 kn), the 
f~1I ~wer bandwidth would be 11.9MHz without clipping 
distortion. Another usage might be required for a direct 50n 
o~ 75n load wh~re the HA-2544 will still swing this ±2V 
Signal as shown In the above display. One Important note 
that must be realized is that as load resistance decreases 
the video parameters are also degraded. For optimal video 
performance a 1 kn load is recommended. 

If lower supply voltages are required, such as ±5V, many of 
the characterization curves indicate where the parameters 
vary. As shown the bandwidth, slew rate and supply current 
are still very well maintained. 
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FIGURE 23. BANDWIDTH VI LOAD CAPACITANCE 

Prototyplng and PC Board Layout 

When designing with the HA-2544 video op amp as with any 
high performance device, care should be taken to use high fre
quency layout techniques to avoid unwanted parasitic effects. 
Short lead lengths. low source impedance and lower value 
feedback resistors help reduce unwanted poles or zeros. This 
layout would also include ground plane construction and power 
supply decoupling as close to the supply pins with suggested 
parallel capacitors of 0.11!F and 0.0011!F ceramic to ground. 

In the noninverting configuration, the amplifier is sensitive to 
stray capacitance «4OpF) to ground at the Inverting Input. 
Therefore, the inverting node connections should be kept to a 
minimum. Phase shift will also be introduced as load parasitic 
capacitance is increased. A small series resistor (200 to 
1 OOn) before the capacitance effectively decouples this effect. 

StabllltylPhase Margin/Compensation 

!he HA-2544 has nol sacrificed unity gain stability in achieving 
its superb PC performance. For this device, the phase margin 
exceeds 60 degrees at the unity crossing point of the open loop 
frequency response. Large phase margin is critical in order to 
reduce the differential phase and differential gain errors caused 
by most other op amps. Because this part is unity gain stable, 
no compensalion pin is brought out. If compensation is desired 
to reduce the noise bandwidth, most standard methods may be 
used. One method suggested for an inverting scheme would be 
a series RoC from the inverting node to ground which will 
reduce bandwidth, but not effect slew rate. If the user wishes to 
achieve even higher bandwidth (>50MHz), and can tolerate 
some slight gain peaking and lower phase margin, experiment
ing with various load capacitance can be done. 

Shown in Application 1 is an excellent Differential Input, Unity 
Gain Buffer which also will terminate a cable to 75n and reject 
common mode voltages. Application 2 is a method of separat
ing a video signal up into the Sync. only signal and the Video 
and Blanking signal. Application 3 shows the HA-2544 being 
used as a 100kHz High Pass 2-Pole Butterworth Filter. Also 
shown is the measured frequency response curves. 
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Typical Applications 
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FIGURE 24. APPUCATION 1,750 DIFFERENTIAL INPUT BUFFER FIGURE 25. APPLICATION 2, COMPOSITE VIDEO SYNC. 
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Features 
• High Slew Rate •••••••••••••••••••••••••• 120Vll1s 

• Low OHset Voltage ••••••••••••••••••••••••• 300I1V 

• High Open Loop Gain •••••••••••••••••••••• 130dB 

• Gain BandWidth Product •••••••••••••••••• 150MHz 

• Low Noise Voltage at 1kHz •••••••••••••• 8.3nVl'liii 

• Minimum Gain Stability ..•...........•.•..•...••. ~ 5 

Applications 
• High Speed Instrumentation 

• Data Acquisition Systems 

• Analog Signal Conditioning 

• Precision, Wldeband Ampllf"l8rs 

• PuiselRF Amplifiers 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HA2·2548-5 O"C to +75°0 8 Pin CAN 

HA2·2548·9 -4O"C to +85°0 8 Pin OAN 

HA3-2548·5 O"C to +7500 8 Lead Plastic DIP 

HA7·2548·5 O"C to +7500 8 LeacJ Ceramic Sldebraze DIP 

HA7·2548·9 -4O"C to +sSOC 8 LeacJ Ceramic SIdebraze DIP 

HA9P2548-5 O"C to +7500 16 Lead Wide Body SOIC 

Pinouts 

HA-2548 
Precision, High Slew Rate, Wideband 

Operational Amplifier 

Description 
The HA-2548 Is a monolithic op amp that offers a unique 
combination of bandwidth, slew rate, and precision specifica
tions. These features can eliminate the need for composite 
op amp designs and external calibration circuitry. 

Optimized for gains ~, the HA-2548 has a gain-bandwidth 
product of 150MHz and a slew rate of 120V/I1S while main
taining extremely high open loop gain (13OdB typ) and low 
offset voltage (300I1V typ). These specifications are 
achieved through uniquely deSigned input circuitry and a sin
gle ultra·high gain stage that minimizes the AC signal path. 
Capable of delivering over 30mA of output current, the HA-
2548 is ideal for preciSion, high speed applications such as 
signal conditioning, instrumentation, video/pulse amplifiers 
and buffers. 

For information on the military version of this device please 
refer to the HA-25481883 datasheet. 

HA-2548 
(PDIP, CDIP) 
TOP VIEW 

HA-2548 
(TO-99CAN) 
TOP VIEW 

HA-2548 
(300 mil SOIC) 

TOP VIEW 

COMP 
BAL(3COMP 

-IN _ 7 V+ 

+IN 3 + 60UT 

¥-4 5BAL 

¥-

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2901.1 
Copyright @ Harris Corporation 1993 
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Specifications HA-2548 

Absolute Maximum Ratings (Note 1) 

Supply Voltage Between V+ and V- Terminals •••••••••••••• 40V 
Differential Input Voltage ................................ SV 
Output Current ..................................... 40mA 
Junction Temperature .............................. +17SoC 
Junction Temperature (Plastic Package) ••••••••••••••• + 150°C 
Lead Temperature (Soldering 10 Sec.) .......•......... +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-2548-S ............................. O"C S TA S +75"C 
HA-2548-9 ............................ -4O"C S TA S +85°C 

Storage Temperature Range ............... -6SOO S TA S + 15O"C 

CAUTION: stress .... &boIlS Ih068 listed In "Absolute Maximum Ratings" may cause permanent damage to Ih8 davies. This is a stress only ",ling and op8"'/ion 
of the device at these or any other conditions above those Indicated In Ih8 op8",tiona/ sections of this specification is not impHed. 

Electrical Specifications v+ = +lSV, v- = -lSV, RL = 11<, CL = 10pF, Unless Otherwise Specified. 

HA-2548-5, -9 LIMITS HA-2548A-5 LIMITS I 
PARAMETER TEMP I MIN I TYP MAX I MIN TYP I MAX UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage +25°C 300 900 100 300 IIV 

Full 400 1200 200 600 IIV 

Average Offset Voltage Drift (Note 12) Full 4 9 3 7 IIV/"C 

Input Bias Current +2500 5 50 5 50 nA 

Full 20 100 20 100 nA 

Input Offset Current +2500 5 50 5 50 nA 

Full 20 100 20 100 nA 

Convnon Mode Range +25OC ±7 ±10 ±7 ±10 V 

Differential Input Resistance +2500 1 MO 

Input Noise Voltage +2500 0.2 0.2 IIVrms 
(1= 0.1 Hz to 10Hz) 

+25°C 0.8 0.8 IIVrms (1= 0.1 Hz to 1 MHz) 

Input Noise Voltage Density (Note 2) +2500 30 30 nVNHz 
(1= 10Hz) 

+25°C 12 12 nVNHz (1= 100Hz) 
(1= 1000Hz) +25°C 8.3 8.3 nVNHz 

Input Noise Current Density (Note 2) +2500 1.9 1.9 pNJHZ 
(1= 10Hz) 

+2500 0.7 0.7 pNJHZ 
(1= 100Hz) 
(1= 1000Hz) +2500 0.4 0.4 pAl{Hz 

TRANSFER CHARACTERISllCS 

Large Signal Voltage Gain (Note 3) +2500 114 130 120 130 dB 

Full 108 125 118 125 dB 

Common Mode Rejection Ratio (Note 4) Full 80 90 80 90 dB 

Gain Bandwidlh Product (Notes 5, 12) +2500 130 150 130 150 MHz 

Full 110 125 110 125 MHz 

Minimum Stable Gain Full 5 5 VN 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full ±11 ±12 ±11 ±12 V 

Output Current (Note 6) Full ±30 ±33 ±3O ±33 rnA 

Output Resistance +2500 5 5 0 

Full Power Bandwidlh (Note 7) +25°C 1.91 1.91 MHz 
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Specifications HA-2548 

Electrical Specifications V+ = +15V, V- = -15V, RL = 11<, CL = 1OpF, Unless Otherwise Specified. (Continued) 

HA-2548-5, -9 LIMrrS HA-2548A-5 LlMrrS 

PARAMETER TEMP I MIN TYP MAX I MIN TYP MAX I UNITS 

TRANSIENT RESPONSE 

Slew Rate (Notes 8, 12) +25"C 80 120 - 80 120 - V/fJS 
PosItive Full 70 105 - 70 105 - V/fJS 

Slew Rate (Notes 8, 12) +25"C 70 110 - 70 110 - V/fJS 
Negative 

Full 60 105 - 60 105 - V/fJS 

Rise Tme (Notes 9, 12) +25"C - 16.5 20 - 16.5 20 ns 

Full - 19 23 - 19 23 ns 

Fall Tme (Notes 9,12) +25"C - 16 20 - 16 20 ns 

Full - 18 23 - 18 23 ns 

Overshoot (Notes 9, 12) +25OC - 15 25 - 15 25 % 
PosItive 

Full 25 35 25 35 % - -
OVershoot (Notes 9, 12) +25"C - 8 15 - 8 15 % 
Negative 

Full - 20 30 - 20 30 % 

SeWing Time (Notes 1 0, 12) +25"C - 200 260 - 200 260 ns 

POWER SUPPLY 

Power Supply Rejection Ratio (Note 11) Full I 86 I 95 - I 86 95 - I dB 

ICc Full - 12 18 - 12 18 rnA 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceable of the circuit may be impaired. Functional 
operation under any of these conditions Is not necessarily implied. 

2. Refer to typical performance curve in data sheet 

3. VOUT =±10V. 

4. VCM=±2V. 

5. Characterized in an Po" = -100 configuration from 100kHz to 10MHz. 

6. RL = lkn, VOUT> 10V. 
Slew Rate 

7. Full Power Bandwidth Is calculatad by: FPBW = 2 V ' V PEAK = 10V 
8. VOUT = ±5V, Po" = +5. 11: PEAK 

9. VOUT = ±l00mV, Po" = +5. 

10. Settiing time Is specified to 0.01 % with a 10V step and Ay = -5. 

11. DeltaVs =±10Vto±20V. 

12. These parameters are not tested. The limits are guaranteed based on lab characterization and reflect lot to lot variation. 
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Schematic Diagram 
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Die Characteristics 
Transistor Count. . . . • . . . . • • • . . . . . . . . • . • • • . . . . • • • • • • • •• 60 
Die Dimensions .••••.•••....••....••...•.. 85 x 91 x 19 mils 

(2160 x 2320 x 482j1m) 
Substrate Potential· ..•...•••..•.....•..••..••.•...•..•. v-
Process. • . . . . • . . • . • . . • . . . • . • • . . .. High Frequency Bipolar 01 
Metallization: 

Type: •..•........•.•....•.•••••••• Aluminum, 1 % Copper 
Thickness: ..........•.......••••••..•.•.••.. 16kA ± 2kA 

Glassivation: 
1Ype: ••••••...............••••••.•••.•. Nitride over Silox 
SiioxThickness: .....•....•••..•••...•.•••.•• 12kA±2kA 
Nitride Thickness: •••.•••.•••••.•••..•••••. " 3.5kA ± 1 kA 

Thermal Constants (OCIW) BJA BJC 

Sidebrazed Ceramic DIP. . . . . • • •• • • • • 75 12 
Plastic DIP •... . • . . . . • . • . . . • . • • • . . . 92 30 
SOIC....................... .••••• 96 26 
CAN....................... .•••.• 105 32 

• The substrate may be left floating (Insulating Die Mount) or tt may 
be mounted on conductor at v- potential. 
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Metallization Mask Layout 
HA-2S48 

+BAL COMP 

-IN 

+IN 

2-362 



HA-2548 

Test Circuits and Waveforms 

IN -""1~~-....... --o OUT 

aoCKl 

20CKl 

FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 

IN 
ov 
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ov 

II 
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II In!!!31 

FIGURE 3. LARGE SIGNAL RESPONSE 
Vour = ±5V, I>y = +5, RL = 1K, CL S 10pF 

2K 

• I>y=·5 
• Feedback and summing resistors should be 0.1% matched. 

• Clipping diodes are optional. HP5082·2810 recommended. 

FIGURE 5. SETILING TIME TEST CIRcurr 
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FIGURE 4. SMALL SIGNAL RESPONSE 
Vour = ±100mV, I>y= +5, RL = 1K, CLS 10pF 

FIGURE 6. HA·2548 SETILING TIME 
I>y = ·5, Output = ·10V OUtput Scale Vertical: 1 mViDiv, 

Horizontal: 50ns/Div 



HA-2548 

Typical Performance Curves Vs = ±15V, TA = +25"C 
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HA-2548 

Typical Performance Curves Vs = t15V. TA = +25°C (Continued) 
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HA-2548 

Typical Performance Curves Vs = ±15V. TA = +25°C (Continued) 
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HA-2548 

Typical Performance Curves Vs = 115V, TA = +25°C (Continued) 
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FIGURE 28. PEAK TO PEAK NOISE 0.1HZ TO 1MHZ 
p-p(RTI) = 4.004I1V, rms(RTI) = 664.5nV, Ay = 25000 
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HA-2600, HA-2602 
HA-2605 

March 1993 

Features 
• Wide Bandwidth. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 12MHz 
• High Input Impedance •••••••••.•••.•••••.•••••••••• 500Mn 

• Low Input BIas Current •••••••••••••••••••••••••••••••• 1nA 
• Low Input Offset Current ••••••••••••••••••••••••••••••• 1nA 
• Low Input Offset Voltage ••••••••••••••••••••••••••••• O.5mV 
• High Gain •••••••••••••••••••••••••••••••••••••••• 150kVN 
• High Slew Rate ••••••••••••••••••••••••••••••••••••• • 7V/IlS 

• Output Short Circuit ProtectIon 
• Unity Gain Stable 

Applications 
• Video Amplifier 
• Pulse Amplifier 
• Audio Amplifiers and Filters 
• High-Q Active Filters 
• High-Speed Comparators 
• Low Distortion Oscillators 

Ordering Information 
PART NUMBER TEMPERATURE RANGE PACKAGE 

HA2-2600·2 -5500 to + 125°C 8 Pin Can 

HA2·2602·2 ·5500 10 + 125"C 8 Pin Can 
HA2-2605·5 oocto +75°C 8 Pin Can 

HA3-2605·5 ooCto +75°C 8 Lead Plasllc DIP 
HA4P2605-5 ooClo +75OC 20 Lead PLCC 
HA7·2600-2 -55°C to + 125°C 8 Lead Ceramic DIP 

HA7-2602·2 -55°C 10 + 125°C 8 Lead Ceramic DIP 
HA7·2605-5 OOC to +75"C 8 Lead Ceramic DIP 

HA9P2605-5 ooC10 +75°C 8 LeadSOIC 

HA9P2605-9 -4OOC 10 +85°C 8 Lead SOIC 

Pinouts 

Wideband, High Impedance 
Operational Amplifiers 

Description 
HA·2600/260212605 are internally compensated 
bipolar operational amplifiers that feature very high 
input impedance (500MQ HA-2600) coupled with 
wideband AC performance. The high resistance of the 
input stage is complemented by low offset voltage 
(O.5mV, HA-2600) and low bias and offset current 
(1 nA, HA-2600) to facilitate accurate signal process
ing. Input offset can be reduced further by means of 
an external nulling potentiometer. 12MHz unity gain
bandwidth, 7V/1lS slew rate and 150kVN open-loop 
gain enables HA-2600l2602l2605 to perform high-gain 
amplification of fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make 
these amplifiers ideally suited to pulse amplification 
designs as well as high frequency (e.g. video) applica
tions. The frequency response of the amplifier can be 
tailored to exact design requirements by means of an 
external bandwidth control capacitor. 

In addition to its application in pulse and video 
amplifier designs, HA-26OO1260212605 are particu
larly suited to other high performance designs such as 
high-gain low distortion audio amplifiers, high-Q and 
wideband active filters and high-speed comparators. 
For more information, please refer to Application Note 
515. 

The HA·2600 and HA-2602 are offered as 1883 
Military Grade; product and data sheets are available 
upon request. 

HA-2600102 (CDIP) 
HA·2605 (PDIP, CDIP, SOIC) 

TOP VIEW 

HA-2600102I05 
(TO-99 METAL CAN) 

TOP VIEW 

HA-2605, (PLCC) 
TOP VIEW 

~ ~ ~ B ~ 
COMP 

NC 

CAUTION: Thase daviees are eensHive to alectroelatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2600, HA-2602, HA-2605 

Absolute Maximum Ratings (Nota 13) 

Supply Voltage Between V+ and V- Terminals •••••.••••••• 45.0V 
Differentiallnput Voltage •••••••••••••••••••••••••••••• 12.0V 
Peak Output Current. • • • • • • • • • • • • •• Full Short Circuit Protection 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) ..•.•....•.•.••.. +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-26001HA-2602-2 ••.•••••••••••••••• -5500 S T ... S + 125°C 
HA-2605-5 ••••••••••••••••••••••••••••• OOC S T ... S +750C 
HA-2605-9 •••••••••••••••••••••••••••• -400c S T ... S +85°C 

Storage Temperature Range ••••••••••••••• -6500 S T ... S +15O"C 

CAUTION: SIress8s abOI/8 IhosB listed in "Absa/uta Maximum Ratings" may cause permanent damage to the devies. This Is a stress only tating and opstation 
of ths device at these or any other conditions aboII8 those Indicated In the opetational ssctlons of this specification is not I""Ued. 

Electrical Specifications Vs = :l:15V D.C., Unless Otherwise Specified 

(NOTE 15) 
HA-2600-2 HA-2602-2 HA-2605-5 HA-2605-9 

PARAMETER TEMP MIN TYP MAX MIN TVP MAX MIN TYP MAX MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 0.5 4 - 3 5 - 3 5 5 mV 

Full - 2 6 - - 7 - - 7 7 mV 

Average Offset Voltage Drift Full - 5 - - 5 - - 5 - - JlVfC 

Bias Current +25°C - 1 10 - 15 25 - 5 25 25 nA 

Full - 10 30 - - 60 - - 40 70 nA 

Offset Current +25°C - 1 10 - 5 25 - 5 25 25 nA 

Full - 5 30 - - 60 - - 40 70 nA 

Differentis/ Input Resistance +25OC 100 500 - 40 300 - 40 300 - - MO 
(Note 10) 

Input Noise Voltage Density +25°C - 11 - - 11 - - 11 - - nVNHi 
f= 1kHz 

Input Noise Current Density +25OC - 0.16 - - 0.16 - - 0.16 - - pAt../Hz 
f= 1kHz 

Common Mode Range Full :1:11 :1:12 - :1:11 :1:12 - :1:11 :1:12 - - V 

TRANSFER CHARACTERISTICS 

Lsrge Signal Voltage Gain +25°C 100 150 - 80 150 - 80 150 - - kVN 
(Notes 1,4) 

Full 70 60 70 kVN - - - - - - -
Common Mode Rejection Full 80 100 - 74 100 - 74 100 - - dB 
Ratio (Note 2) 

Minimum Stable Gain +25°C 1 - - 1 - - 1 - - - VN 

Gain Bandwidth Product +25"C - 12 - - 12 - - 12 - - MHz 
(Note 3) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full :1:10 :1:12 - :1:10 :1:12 - :1:10 :1:12 - - V 
(Note 1) 

Output Current (Note 4) +25°C :1:15 :1:22 - :1:10 :1:18 - :1:10 :1:18 - - rnA 

Full Power Bandwidth +25OC 50 75 - 50 75 - 50 75 - - kHz 
(Notes 4, 11) 
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Specifications HA-2600, HA-2602, HA-2605 

Electrical Specifications va = ±15V D.c., Unless Otherwise Specifled (Continued) 

HA-26CJO.2 

PARAMETER TEMP MIN TYP MAX 

TRANSIENT RESPONSE (Note 8) 

Rise TIII18 (Notes I, 5, 6 & 7) +25·C - 30 

Overshoot (Notes I, 5, 6 & 7) +2500 - 25 

Slew Rate +2500 ±4 ±7 
(Notes 1,5,7 & 12) 

Settling Time +2500 - 1.5 
(Notes 1,5 & 14) 

POWER SUPPLY CHARACTERISTICS 

SUpply Current +2500 - 3 

Power Supply Rejection Ratio Full 80 90 
(Note 9) 

NOTES: 

1. At. .. 2kn 

2. VCM =±10V 

3. VOUT< 90mV 
4. VOUT=±10V 

5. CL = l00pF 

6. VOUT =±200mv 
7. Ay=+1 

8. See Transient Response Test Circuits and Waveforms 

9./1Va =±5V 

60 

40 

-

-

3.7 

-

HA-2602-2 

MIN TYP MAX 

- 30 60 

- 25 40 

±4 ±7 -

- 1.5 -

- 3 4 

74 90 -

10. This parameter value guaranteed by design calculations. Slew Rate 
11. Full Power BandwIdth guaranteed by slew rate measurement FPBW = 2 V • 
12. VOUT =±5V 11: PEAK 

MIN 

-
-

±4 

-

-
74 

HA-2605-5 

TYP 

30 

25 

±7 

1.5 

3 

90 

(NOTE 15) 
HA-2605-8 

MAX MAX UNITS 

60 60 118 

40 40 % 

- - V/fJS 

- - fJS 

4 4 mA 

- - dB 

13. Absolute Maximum Ratings are limiting values applied Individually beyond which the serviceability of the cJrcun may be Impaired. Func
tional operation under any of these conditions Is not necessarily Implied. 

14. Settling time Is characterized at Ay = -1 to 0.1% of a 10 vonatep. 

15. Typical and minimum specifications for -9 are Identical to those of -5. 
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HA-2600, HA-2602, HA-2605 

Schematic Diagram 

COMPENSATION 

+INPUT 

~------4---~----------~-----------+~--~--1---1----4--1---~~~ ~ 
-mPUT 

~------------------------------------------~ 

Die Characteristics 
Transistor Count .......••••.•.••....••...•..... 140 

Die Dimensions. . . . • . . . • . • • • . • . • . . .. 69 x 56 x 19 mils 

Substrate Potential .. . . . . . . • . • . .. .. . . . .. . .. Unbiased 

Thermal Constants f'CNI) 
Metal Can .............•....... 
Plastic DiP .•...••...•..•....... 

Ceramic DIP ••••.••....•....••. 

SOIC .......•.•••..•......••.• 

PLCC ..•.•..••.•••.•.......•.• 
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HA-2600, HA-2602, HA-2605 

Test Circuits 

i200mV 
I;;;'r----l 

OV :::::...J L-
:I2OOmV~ ........................ . 

80% .............. . 

OUTPUT ! 
111%········· ! 

OV ! i- RISE nUE 
: ! 

FIGURE 1. TRANSIENT RESPONSE 

NOTE: Measured on both positive and negative transitions from OV 
to +2OOmV and OV to ·200mV at the output. 

IN >-1-..... ---... -0UT 

100pF 

FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 

~5V INPUT . 
-6V 

:::.:::~.::::::::::::::::: ... + ... 
,;'~~.~.~~ ........... J1 .. AV 
-6V.' i i-..--l SLEWRATE 

!! AT ! AVIAT 

FIGURE 2. SLEW RATE 

V+ 

OUT 

FIGURE 4. SUGGESTED Vos ADJUSTMENT AND COMPENSA· 
TIONHOOKUP 

NOTE: Tested ofIset adjustment range Is lVos + 1 mVI minimum relarred 
to ou1puI. l\'pIcaI ranges are ±1OmV wIIh Rr = 100k0 

Typical Performance Curves Vs = ±15VDC, TA = +25°C, Unless Otherwisa Specified 
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FIGURE 5. INPUT BIAS CURRENT AND OFFSET CURRENT va 
TEMPERATURE 
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HA-2600, HA-2602, HA-2605 

Typical Performance Curves Vs = ±15VDC, TA = +25"C, Unless Otherwise Specified (Continued) 
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FIGURE 7. OPEN LOOP FREQUENCY AND PHASE RESPONSE 
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FIGURE 9. OUTPUT VOLTAGE SWING V8 FREQUENCY 
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FIGURE 8. INPUT IMPEDANCE vs TEMPERATURE (100Hz) 

120 
V._:t15V 

iii 100 
TA-+25"C 

:!!. 
z 
~ 
III 

~ 50 

~ 40 
II. 

§ 
20 

Z 
III 
II. 
0 0 

-20~ _ _L __ ~ __ ~ _ _L __ ....L. __ ~ 

10Hz 100Hz 1 kHz 10kHz 100kHz 1 MHz 10MHz 
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FIGURE 10. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 

NOTE: External compensation componenls are not required for 
stability, but may be added to reduce bandwidth if desired. If 
External Compensation Is used, also connect 1 OOpF capac
Itor from output to ground. 
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HA-2600, HA-2602, HA-2605 

Typical Performance Curves Vs = t15VDC, TA = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 11. COMMON MODE VOLTAGE RANGE vs SUPPLY 
VOLTAGE 
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FIGURE 13. COMMON MODE REJECTION RATIO vs FREQUENCY 

Typical Applications 

5pF 

VO:.ROP1['B) ili-l50PP +2V 

+6V 
--.j 1 ... --

FEATURES: 
1. Constant cell voltage 
2. Minimum bias current error 

FIGURE 15. PHOTO CURRENT TO VOLTAGE CONVERTER 

120 

:l2LsuLLY 

±15VSUPPLY -
iii -.., 
Z 100 

±10VSUPPLY 

~ -
-±5VSUPPLY 

80 
-55 -35 ·15 5 25 45 65 85 105 125 

TEMPERATURE (OC) 

FIGURE 12. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
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FIGURE 14. NOISE DENSITYvs FREQUENCY 
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FIGURE 16. SAMPLE AND HOLD 
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HA-2600, HA-2602, HA-2605 

Typical Applications (Continued) 

R2 +1SV 

IN 
OUT 

-15V 
~ sopF" 

V+ 

FEATURES: liN = 10120 Min. 
1. MInimum bias current In reference cell loUT = 0.010 Max. B.W. = 12MHz. TYP. 
2. Short Circuit Protection Slew Rate = 4V/IIS Min. Output SwIng = ±10V Min. to 50kHz 

FIGURE 17. REFERENCE VOLTAGE AMPUFIER FIGURE 18. VOLTAGE FOLLOWER 

• A small load capacitance Is recommended In all applications where practical to prElV8nt possible high frequency oscillations resulting from 
external wiring parasItIcs. Capacitance up to 100pF has negligible effect on the bandwidth or slew rate. 

2-375 



Features 

• Gain Bandwidth Product (Ay ~ S) ••••••••••• 100MHz 
• High Input Impedance ••••••••••••••••••••• SOOMO 
• Low Input Bias Current. •••••••••••••••••••••• 1 nA 
• Low Input Offset Current •••••••••••••••••••••• 1 nA 
• Low Input Offset Voltage •••••••••••••••••••• O.SmV 
• High Gain •••••••••••••••••••••••••••••• 150kVN 
• High Slew Rate ••••••••••••••••••••••••••• 35V11l8 

• Output Short Circuit Protection 

Applications 
• Video and R.F. Amplifier 

• Pulse Amplifier 
• Audio Amplifiers and Rlters 
• Hlgh-Q Active Rlters 
• High Speed Comparators 
• Low Distortion Oscillator 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA2·2620-2 -55°C to + 125°C 8 Pin Can 

HA2-2622-2 ·5500 to + 125°C 8 Pin Can 

HA2·2625-5 O"C to +7500 8 Pin Can 

HA3-2625-5 O"C to +75°C 8 Lead Plastic DIP 

HA4P2625-5 O"C to +7500 20 Lead PLCC 

HA7-2620·2 _55°C to + 125°C 8 Lead Ceramic DIP 

HA7-2622·2 ·55°C to +125°C 8 Lead Ceramic DIP 

HA7-2625·5 O"C to +7500 8 Lead Ceramic DIP 

HA9P2625·5 00Cto+75°C 8 Lead SOIC 

HA9P2625-9 -40"C to +8500 8 Lead SOIC 

Pinouts 

HA-2620, HA-2622 
HA-2625 

Very Wideband, 
Uncompensated Operational Amplifiers 

Description 
HA-26201262212625 are bipolar operational amplifiers that 
feature very high input Impedance (500MO, HA-2620) 
coupled with wideband AC performance. The high 
resistance of the input stage is complemented by low offset 
voltage (0.5mV, HA·2620) and low bias and offset current 
(1nA, HA-2620) to facilitate accurate signal processing. Input 
offset can be reduced further by means of an external nulling 
potentiometer. The 100MHz gain bandwidth product (HA
~6201262212625 are stable for closed loop gains greater 
than 5), 35V/IlS slew rate and 150kVN open loop gain 
enables HA-26201262212625 to perform high gain amplifICa
tion of very fast, wideband Signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplHiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth 
control capacitor connected from the Comp pin to GND. 

In addition to its application in pulse and video amplifier 
deSigns, HA-26201262212625 is particularly suited to other 
high performance deSigns such as high-gain low distortion 
audio amplifiers, high-Q and wideband active filters and 
high-speed comparators. For more information, please refer 
to Application Notes 509, 519 and 546. 

The HA-2620 and HA-2622 are both offered as /883 Military 
Grade with the HA-2622 also available in LCC packages. 
MIL-STD-BB3 data sheets are available upon request. 

HA-2620/22 (CDIP) 
HA-2526 (CDIP, PDIP, SOIC) 

TOP VIEW 

HA-2620, HA-2622, HA-2625 
(CAN) 

HA-2625, (PLCC) 
TOP VIEW 

TOP VIEW ... 
COMP 

!;! !;! 8 !;! 

Yo 

CAUTION: These davie .. ara aansltiva to alectrostatlc discharge. Usars should follow proper I.e. Handling Procaduras. 

Copyright @ Harris Corporation 1993 
File Number 2903.1 
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Specifications HA-2620, HA-2622, HA-2625 

Absolute Maximum Ratings 
Supply Voltage (Between v+ and v- Termlnals) .••.••.•••••. 45V 
Dllferentiallnput Voltage •.•..••.•....•.•••..•.••.•.•.. 12.0V 
Peak OUtput Current. • • • • • • • • • • • . •• Full Short Circuit Protection 
Junction Temperature ....•.•••••.•.••.••...•.••.•.• +175°C 
Junction Temperature (Plastic Package) •••.••.••.••.•. +1 SOOC 
Lead Temperature (Soldering 10 Sec.) ................. +3OO"C 

Operating Temperature Ranges 
Operating Temperature Range 

HA-26201HA-2622-2 ••••••.•....••..••. _55°C S TA S +125"C 
HA-2625-5 ••.••.••.•.••.•..•.•...•..... OOC S TA S +750C 
HA-2625-9 •..•••..•.•..••••••••••••••• 4O"C S T A S +8O"C 

Storage Temperature Range ••••.••...•••.. -65°C S TA S +lSOOC 

CAUTION: Strsssss abo ... those listed in "Absolute Maximum Ratings" may cause permanent damage 10 the davies. This Is a strass only rating and operation 
o/the device at these or any other conditions aboWIthose indicated in the operational sections o/thls specification Is not Implied. 

Electrical Specifications V s = ±15VDC, Unless Otherwise Specified. 

HA-262G-2 HA-2622-2 HA-262S-5, -9 

PARAMETER TEMP MIN TYP MAX MIN TVP MAX MIN TVP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +2500 - 0.5 4 - 3 5 - 3 5 mV 
(Note 1) 

Full - 2 6 - - 7 - - 7 mV 

Average Offset Full - 5 - - 5 - - 5 - v.V"'C 
Voltage Drift 

Bias Current +25°C - 1 15 - 5 25 - 5 25 nA 

Full - 10 35 - - 60 - - 40 nA 

Offset Current +25"C 1 15 - 5 25 - 5 25 nA 

Full - 5 35 - - 60 - - 40 nA 

Differential Input +25°C 65 500 - 40 300 - 40 300 - Mn 
Resistance (Note 11) 

Input Noise Voltage +25OC - 11 - - 11 - - 11 - nVNHz 
Density f = 1 kHz 

Input Noise Current +25"C - 0.16 - - 0.16 - - 0.16 - pANHz 
Density f = 1 kHz 

Common Mode Range Full ±11 ±12 - ±11 ±12 - ±11 ±12 - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage +25°C 100 150 - 80 150 - 80 150 - kVN 
Gain (Notes 2, 3) 

Full 70 - - 60 - - 70 - - kVN 

Common Mode Rejec- Full 80 100 - 74 100 - 74 100 - dB 
lion Ratio (Note 4) 

Minimum Stable Gain +25OC 5 - - 5 - - 5 - - VN 

Gain Bandwidth Prod- +25"C - 100 - - 100 - - 100 - MHz 
uct (Notes 2, 5, 6) 
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Specifications HA-2620, HA-2622, HA-2625 

ElectrIcal Specmcatlons Vs = ±15VDC, Unless Otherwise Specified. 

HA-262D-2 HA-2622-2 

PARAMETER TEMP MIN TYP MAX MIN TVP . 

OUTPUT CHARACTERISTICS 

OUtput Voltage Swing Full ±10 ±12 . ±10 ±12 
(Note 2) 

Output Current +25"C ±15 ±22 - ±10 ±18 
(Note 3) 

Full Power Bandwidth +25"C 400 600 - 320 600 
(Notes 2, 3, 7, 12) 

TRANSIENT RESPONSE (Note 8) 

Rise Time +25"C - 17 45 . 17 
(Notes 2, 7, 8) 

Slew Rate +25OC ±25 ±35 - ±20 ±ss 
(Notes 2, 7, 8, 10) 

POWER SUPPLY CHARACTERISTICS 

SuPPly Current +25°C . 3 3.7 - 3 

Power Supply Rejec- Full 80 90 - 74 90 
tion Ratlo (Note 9) 

NOTES: 
1. Offset may be externally adjusted to zero. 
2. f\.=2kO. 
3. VOUT=±10.OV. 
4. VCM = ±10V. 
5. VOUT < 9OmV. 
6. 40dB Gain. 
7. See Transient Response Test Clrcuils & Waveforms. 
8. fioJ = 5 (The HA-2620 family Is not stable at unlty gain without external compensation). 
9. I!Ns=±5V. 

10. VouT =±5V. 
11. This parameter value guaranteed by design calculations. Slew Rate 
12. Full Power Bandwidth guaranteed by slew rate measurement FPBW = 2 V • 

It PEAK 

MAX MIN 

. ±10 

. ±10 

- 320 

45 -

- ±20 

4 . 
- 74 

HA-2625-5, -9 

TVP MAX UNrrs 

±12 - V 

±18 - rnA 

600 - kHz 

17 45 ns 

±35 - VIlIS 

3 4 rnA 

90 - dB 

13. Absolute Maximum Ratlngs are limiting values applied Individually beyond which the serviceability of Iha circuit may be Impaired. Func- ' 
tional operation under any of these condltlons Is not necessarily implied. 
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HA-2620, HA-2622, HA-2625 

Schematic Diagram 

COMPENsAnON 

R1 R2 R3 R4 

·~f 
RS 

L 1K 4.18K 1.58K 1.581( 600 

Q1 , .. 
-BAL oe ..... ...... ..... 
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;; ~"""'Q311 1 '" 
Q3~~ Q38 .J 041 

04 , .. r 042 
Q37 

~~: ~-:~ .. Q3:~~31 * PUT 
Q2II 028 Q32 Q33 

~ Q11.,) 011' .. 

~ ~ 
+IN 
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010'" Q2S 

Q13~ 017" 012 

.. 018'" 027" 024" 
Q16 .. ~5 

R7 ~ 
1.36 fl:: 0111 

R111 

ctRP1 

UK 021~ ..... 022 

'i ," I ',Q23 
R8 
1K 

~ I 
020 , .. R10 4.5K 

2.OK 

PUT 

Die Characteristics 

Transistor Count .............................................................. 140 

Die Dimensions .......................................... 73 x 52 x 19 mils 
Substrate Potential ................................................. Unbiased 

'044 055 Of! - r> r 

r-t:;:Q45 

045'" ~O47 
~ R11 

4.OK 

0411 1 
~Q48 , 

..... 050 

R12 R13 R14 R15 
Tf1 1&pF UK UK UK 800 

Thermal Constants (0ClW) 

Metal Can •....••.............. 
Plastic DIP .......•..•.......... 

v+ 
lit 
so 

~ 
061 

'Q5I 

'058 
057 

r--

'''' Q58 

R18 

~ OUT 

,'" Q53 
R17 
so 

'---

..... 052 

O51[ 

8JA 

117 

96 

R1 8 
so 

Yo 

8JC 
36 
34 

Ceramic DIP . . . . . . . • . . . . . . . . . . . 115 36 
sOle......................... 157 43 
PLCC......................... 74 33 
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HA-2620, HA-2622, HA-2625 

Test Circuits 

TRANSIENT RESPONSE 

~::!r-----1 
ov!!!!!.l L-
~mv.~ ............... . 90% ••.•••••.••• 

OUTPUT i 
10'11.······· ! 

OV I l-- RISE nME 

SLEW RATE 

..av .. ~ ............... . 
110'11.················· .••.. 

1~'~~' ...... l .... l~V 
~v· !! SLEW RATE 

--i AT 1-- _AVlAT 

NOTE: Measured on bolh positive and negative lransistions from OV to +200mV 
and OV to -200mV at output. 

SLEW RATE AND 
TRANSIENT RESPONSE 

SUGGESTED Vos AD
JUSTMENT AND COM
PENSATION HOOK-UP 

---OUT 
--........... ,. COMP 

Cc 

Tested Offset Adjustment is 
IVos + 1mVI minimum 
referred to output. 1YpicaI 
renge is ±10mV with Rr = 
100kn. 

Typical Performance Curves Va = t15VDC. TA = +25"C. Unlass Otherwise Specified. 
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FIGURE 1. INPUT BIAS CURRENT ANDOFFSETCURRENTvs 
TEMPERATURE 
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FIGURE 3. OPEN LOOP FREQUENCY AND PHASE RESPONSE 
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FIGURE 2. BROADBAND NOISE CHARACTERISTICS 

1000 

i 800 w 
u 

~ w 800 ... 
j!! 
!; 400 ... 
!E 

200 

-..... ........ 

" "' '-" ~ 
........... 

o 
~ 035 -15 ..a +25 +45 +85 +85 +105 +125 

TEMPERATURE ("C) 
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HA-2620, HA-2622, HA-2625 

Typical Performance Curves Va = ±15VDC, T" = +25"C, Unless Otherwise Specified. (Continued) 

20V~~~ 
10VJ::= 

~ 

120r----,----~----,_----~----------., 

I 1V~------~------~--~~~d-------~ 
~ 
~ 
~ 0.1V 

II! 

0.01 V '--______ ...... ______ ....... ________ ...... ______ ..... 

10kHz 100kHz 1MHz 
FREQUENCY 

10MHz 100MHz 

FIGURE 5. OUTPUT VOLTAGE SWING VB FREOUENCY 
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SUPPLY VOLTAGE M 
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10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 

FREQUENCY 

FIGURE&. OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 
VALUES OF CAPACITORS FROM COMPo PIN TO GND 

NOTE: External Compensation is required for closed loop gain < 5. 

iii 
~ 

If external compensation is used, also connect l00pF capac
Itor from output to ground. 

I I 
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HA-2620, HA-2622, HA-2625 

Typical Applications 

2.2kn 

+15V 2.2kn 

~~---+----~-OVo~ 
+&'OV,DV 

SOp!'" 

OUTPUT -OUTPUT 

FIGURE 10. HIGH IMPEDANCE COMPARATOR FIGURE 11. FUNCTION GENERATOR 

SpF 

>-1I-0VOUT 
SOp!'" 

"A sma/I load capacitance of at least 30pF (including stray capacitance) 
is recommended to prevent possible high frequency oscillations. 

FIGURE 12. VIDEO AMPLIFIER 
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HA-2640, HA-2645 

March 1993 

Features 

• Output Voltage Swing •...••...•.•..•.••..••••.• ±35V 

• Supply Voltage •••••••••.••.••••••..•.• ±10V to ±40V 

• Offset Current ••••••••••••••••••••••••••••••• SnA 

• Bandwidth •••••••••••••••••••••••••••••••• 4MHz 

• SI_ Rata •..•••••••.•••.•••••.••••••.•.•• SV/IJ.8 

• Cornmon Mode Input Voltage Range .....•...... ±35V 

• Output Overload Protactlon 

Applications 
• Industrial Control Systems 

• Power Supplies 

• High Voltage Regulators 

• Resolver Excitation 

• Signal Conditioning 

Ordering Information 

PART NUMBER 

HA2·2640-2 

HA2-2645-5 

HA7-2640-2 

HA7-2645-5 

Pinouts 

TEMPERATURE 
RANGE 

·55"C to + 125"C 

O"C to +75"C 

-55"C to + 125"C 

O"C to +75"C 

HA-264012645 
(CDIP) 

TOP VIEW 

PACKAGE 

8 Pin TO-99 Can 

8 Pin T0-99 Can 

8 Lead Ceramic DIP 

8 Lead Ceramic DIP 

High Voltage Operational Amplifiers 

Description 
HA-2640 and HA-2645 are monolithic operational amplifiers 
which are designed to deliver unprecedented dynamic spec
ifications for a high voltage internally compensated device. 
These dielectrically Isolated devices offer very low values for 
offset voltage and offset current coupled with large output 
voltage swing and common mode input voltage. 

For maximum reliability, these amplifiers offer unconditional 
output overload protection through current limiting and a chip 
temperature sensing circuit. This sensing device turns the 
amplifier ·off", when the chip reaches a certain temperature 
level. 

These amplifiers deliver ±35V common mode input voltage 
range, ±35V output voltage swing, and up to ±40V supply 
range for use in such designs as regulators. power supplies, 
and industrial control systems. 4MHz gain bandwidth and 
5V1j,lS slew rate make these devices excellent components 
for high performance signal conditioning applications. Out
standing input and output voltage swings coupled with a low 
5nA offset current make these amplifiers excellent compo
nents for resolver excitation designs. 

HA-264012645 
(T0-99CAN) 
TOP VIEW 

COMP 

\4 
(TO-08 CASE VOLTAGE. \4) 

CAUTION: These devices are sensitive to electrostatic discharga. Users should IoIIow proper I.C. Handling Procedures. File Number 2904.1 
Copyright C Harris Corporation 1993 
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Specifications HA-2640, HA-2645 

Absolute Maximum Ratings (Note 12) 

Voltage Between V+ and V- Terminals •••••.•.•.••••••.•• I00V 
Differenliallnput Voltage Range .•••.•.•••.•.•.••••••.•.• '$TV 
Output Current • • • • • • • • • • . • . • • • • •• Full 'Short Circuit Protection 
Junction Temperature. • • • • • • • • • • • • • • • • • • • . • • • • • • • • • + 175°C 
Lead Temperature (Soldering 10 Sec.) ..•••...••.••.••. +300"C 

Operating Conditions 
Operating Temperature Range 

HA-2640-2. _ • _ • __ .• _ •••• _ •• ___ •••••. _-55"C S TA S + 125°C 
HA-2645-5 ••• _ ••••••.•.••.•••••••.••••• O"C S TA S +75°C 

Storage Temperature Range ••••••••••••••• -65"C S TA S + 15O"C 
Thermal Package Characteristics ("C!W) 9JA 9JC 

CeramlcDIP ••.••••.•••••••••••••• 114 34 
Can............................. 108 33 

CAUTION: SIressBs 8bove /hose listsd in "Absoluts Maximum Ratings" may cause permanent damage to Ihe davies. This is a stress only rating and op8l8tion 
of lIIe dsvIce at these or any olher conditions above lIIoss Indfcatsd In the op8l8tionaJ sections of this specification is not I",,'ied. 

Electrical SpeCifications VSUPPLY = :t4OV, RL = 5kO, Unless Otherwise Specified 

HA-2640-2 HA-2645-5 
-5!i"C to + 12!i"C O"C to +7!i"C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 2 4 · 2 6 mV 

Full - 6 - · 7 mV 

Average Offset V~ltage Drift Full · 15 · · 15 · IlVI"C 

Bias Current +25°C · 10 25 - 12 30 nA 

Full · · 50 - - 50 nA 

Offset Current +25°C - 5 12 · 15 30 nA 

Full · · 35 · · 50 nA 

Input Resistance (Note 10) +25°C 50 250 - 40 200 · Ma 

Ccmmon Mode Range Full ±35 · · ±35 · · V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 8) +25°C 100 200 · 100 200 · kVN 

Full 75 · · 75 · - kVN 

Ccmmon Mode Rejection Ratio (Note 1) Full 80 100 · 74 100 - dB 

Minimum Stable Gain +25°C 1 · · 1 · · VN 

Unity Gain Bandwidth (Note 2) +25°C · 4 · · 4 · MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full ±35 · · ±35 - - V 

Output Current (Note 9) +25°C ±12 ±15 · ±10 ±12 · rnA 

Output Resistance +25°C · 500 · · 500 · a 

Full Power Bandwidth (Notes 3 & 11) +25°C - 23 · · 23 · kHz 

TRANSIENT RESPONSE (Note 7) 

Rise Time (Notes 4 & 8) +25OC - 50 135 · 60 135 ns 

Overshoot (Notes 4 & 6) +25°C · 15 30 15 40 % 

Slew Rate (Note 6) +25°C ±3 ±5 · ±2.5 ±5 · VIps 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25OC · 3.2 3.8 · 3.2 4.5 rnA 
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HA-2640, HA-2645 

Electrical Specifications VSUPPlY = ±40V,1\ = 51<0, Unless Otherwise Specified (Continued) 

HA·2640-2 HA·2645-5 
-55"C to +125"C OOCto +7SOC 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

Supply Voltage Range Full ±10 . ±40 ±10 . ±40 V 

Power Supply Rejection Ratio (Note 5) Full 80 90 . 74 90 . dB 

NOTES: 

1. VcM =±20V 

2. VOUT = 90mV 

3. VOUT = ±35V 

4. VOUT = ±2OOmV 

5. Vs =±10Vto±40V 

6. Ay=+l 

7. CL = 5OpF, RL = 51dl 

8. VOUT = ±30V 

9. RL = lldl 
10. This parameter based upon design calculations. 

11. Full Power Bandwidth guaranteed based upon slew rate measurement: FPBW = S.R.I21tVPEAK; VPEAK = 35V. 

12. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. Func-
tional operation under any of these conditions is not necessarily implied. . 

Schematic Diagram 

lCOIiP 
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HA-2640, HA-2645 

Test Circuits and Switching Waveform 

v+ 

IN >-... --4_ .... -0 OUT 

FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST 
CIRCUIT 

E 

." . " ." ." .. 
'( 

J 
I E 

If 

v-

Tested offset adjustment range 
Is IVos +1mVI minimum referred 
to output 1}tplcal range is 
±2OmV with Rr = 10k0. 

FIGURE 2. SUGGESTED Vos ADJUSTMENT AND COMPENSA
TION HOOK UP 

. " 
\ 
\ 

F\ = 51<, CL = SOpF. TA = +25"C. Vs = ±4OV 

Vertical = 1OVlDiV • 
Horizontal = 5psIDiV. 

FIGURE 3. VOLTAGE FOLLOWER PULSE RESPONSE 

Typical Performance Curves V+ = V· = 4OVDC. TA = +25"C. Unless Otherwise specmed 
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HA-2640, HA-2645 

Typical Performance Curves v+ = v- = 4OVDC, TA = +250C, Unless Otherwise Specified (Continued) 

1\ 
I" i'... SLEW RATE 

........... ...... 

TANDWIF' , 

.......... 

" ~ .... 
......... ,PHASE 

G~' -
" 

, 
r-...... 

""r\ 

o 

o +25 +50 +75 +100 +125 
TEMPERATURE ("C) 

100 10 1K 10K 100K 1M 10M 270 
FREQUENCY (Hz) 

FIGURE6. NORMALIZEDACPARAMETERSvaTEMPERATURE FIGURE 7. OPEN LOOP FREQUENCY AND PHASE RESPONSE 

> 1.2 

~ 
~ 
iii 1.1 

I 
w 1.0 

~ 
iii 
~o.tI 

BANDWI~ 
~/ 

7 

I V 
o.a 

10 

I"" 

20 30 
SUPPLY VOLTAGE M 

SLEW RATE 

40 

FIGURE 8. NORMALIZED AC PARAMETERS va SUPPLY 
VOLTAGE AT +25°C 

100 

VSUPPLY. :t4OV 

VSUPPLY. ±2OV " 
VSUPPLY. ±10V ~ 

............ , 
~ 

0.1 
1K 10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 10. OUTPUTVOLTAGE SWING VB FREQUENCY AT +25"C 

2-387 

;:tho.. 120 

iii' 
:!!. CCOMP.x.. .x.. 100pF 

~ 
80 

"=" -=-
c:J 
Do 40 
§ 
Z 0 W 
II. 
0 

40 

10 100 1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

FIGURE 9. OPEN LOOP FREQUENCY RESPONSE FOR VARI
OUS VALUES OF CAPACITORS FROM COMPEN
SATION PIN TO GROUND 

40 
I '-i .1. V8UPPLY • ±4OV 

V1N -+35V I 1 ., 
30 +12rC~ 

J /.-.c ~!i"<;- r-
Aw .. 1, V8UPPLY .. :I2OV 20 I I 

V1N -+15V I I 
.-.c ..a"C j ~12rC l 10 

J I ~ I 'I ~-2O -\ ·15 -10 -6 I 

'IIY II ~t;11~t:ls I ~ '10 +12S"C..a"C-6S"C 
J I • Av • 1, VSUPPLY .. :I2OV 

-20 
VIN --15V 

.-.c~ J 
... +12rC I _~S"C 

.3Q 
A" • 1. YSUPPLY • ±4OV 

-to V,N ·-35V 

OUTPUT LOAD CURRENT (mAl 

FIGURE 11. OUTPUT CURRENT CHARACTERISTIC 

..If/) 
Ca: 
Zw 
2u: 
ti::::i a: a. 
W:E 
&C 



HA-2640, HA-2645 

Typicai Performance Curves v+ = v- = 4OVDC, TA = +2SoC,Unless Otherwise Specified (Continued) 
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Features 
• High Slew Rate ••••••••••••••••••••••••••• 20V/IlS 

• Low Power Dissipation ••••••••••• 2.25mW at ±15.0V 

• High Open Loop Gain ••••••••••• 300kVN (RL = 2kn) 

• Low Input Bias Currant ••••••••••••••••••••••• 5nA 

• Low Offsat Voltage •••••••••••••••••••••••••• 1mV 

• High CMRR ••••••••••••••••••••••••••••••• 106dB 

• Wide Power Supply Range ........... ±5.5V to ±20.0V 

• Fully Intarnally Compensated 

• Output Short Circuit Protected 

• Offsat Null Capability 

Applications 

• Instrumentation 

• Battery Powered Circuits 

• Portable Instruments 

• Remote Data logging 

Pinouts 
HA-2705 

(PDIP, SOIC) 
TOP VIEW 

BAL l8 BAL(NOTE1) 
-IN _ V+ 

+IN .. SOUT 

v- Ne 

HA-2705 
Low Power, High Performance 

Operational Amplifier 

Description 
The HA·2705 is a general purpose amplifier which operates 
at very low power levels without compromising large signal 
response characteristics or output drive capability. Advanced 
circuit design techniques and the use of vertical NPN and 
PNP transistors make possible the attainment of very high 
gain with a single stage of voltage amplification. This 
ensures closed loop stability even in the critical unity gain 
follower mode, without the use of external compensation 
components. 

The circuit is intended for use in applications that require fast 
large signal response with low power dissipation and for 
instrumentation applications in which low offset IIOltage, low 
bias current drift, large IIOltage gain and high common mode 
rejection are necessary. Fu II output short circuit protection 
and the large differential input breakdown enable the device 
to withstand a variety of fault conditions. 

For military grade product, please refer to the HA-27001883 
datasheet. 

Ordering Information 

PART 
NUMBER 

HA3-2705-5 

HA9P2705-5 

HA2-2705-5 

TEMPERATURE PRODUCT 
RANGE DESCRIPTION 

O"C to +70"0 8 Lead Plastic DIP 

0"0 to +7O"C 8 LeadSOIC 

O"C to +7O"C 8 Pin T0-99 Metal Can 

HA-2705 
(TO-99 METAL CAN) 

TOP VIEW 

BAL (NOTE 1) 

CAUTION: Th_ devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3391 
Copyright @HarrlsCorporation 1993 
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Specifications HA-2705 

Absolute Maximum Ratings 
Voltage Between v+ and v- Termlnals _ ••.•••••.••.•••..• 44.0V 
Differential Input Voltage. • . • • • • • • • • • • • • • • • • • . • • • • • • . • • • 18V 
Input Voltage .••••.•••••••••••••••.••••••••••••••• V+ to v-
Junction Temperature (Hermetic) ••.••.••••.•••.•.•... +175°C 
Junction Temperature (Plastic Package) •.••.••••.••••• +15O"C 
Lead Temperature (Soldering lOs) •••••••••••.•••••••• +3000C 

Operating Conditions 
HA-2705-5 ••••••••••••••••.•..••.•..•.••. OOC S TA S +75OC 
Storage Temperature Range .•••.••••.••••. -65°Cs TAS +15O"C 
Thermal Resistance ("CIW) •...•••••••• 8JA 8JC 

Plastic DIP Package • • • • • • • • • • • • • • • • 94 32 
SOIC Package. • • . • • • • • • • • • . • • • • • • • 157 43 
TO-99 Metal Can • • • • . • • . . . . . • . . . • • . 114 35 

CAUTION: S/1e8Ses above thosB listed In "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the dBVice at theBe or any olhsr conditions above thosBlndicatsd In the oparalions/ ssclions of this specification is not irnpHed. 

Electrical Specifications v+ = +15V, v- = -15V, RL = 5kn Unless Otherwise Specified. 

HA-2705-5 

PARAMETER TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 1) +25OC - 1.0 5.0 mV 

Full - - 7.0 mV 

Bias Current +25OC - 5.0 40.0 nA 

Full - - 70.0 nA 

Offset Current +25OC - 2.5 15.0 nA 

Full - - 40.0 nA 

Common Mode Range Full ±11.0 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 2 and 3) +25°C 200 300 - kVN 

Full 100 - - kVN 

Common Mode Rejection Ratio (Note 4) Full 80 106 - dB 

Gain Bandwidth Product (Note 2) +25OC - 1.0 - MHz 

Minimum Stable Gain Full 1 - - VN 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 2) +25OC ±12.0 ±13.0 - V 

Full ±11.0 - - V 

Output Current (Note 3) +25°C - 10 - rnA 

TRANSIENT RESPONSE CHARACTERISTICS 

Slew Rate (Notes 2 and 6) +25°C 10 20 - V/JlS 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25°C - 75 150 IIA 
Full - - 200 IIA 

Power Supply Rejection Rallo (Note 5) Full 80 100 - dB 

NOTES: 

1. Cen be adjusted to zero with 1 MO potentiometer between Pins 1 and 8 with the wiper to V+. 

2. RL = 2kn, CL = 100pl 

3. Vo =±10.0V 

4. VCM =±5.0V 

5. Vs = ±10.0V to ±20.0V 

6. Ay=5 
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Die Characteristics 

DIE DIMENSIONS: 
70x60x 19± 1mils 

METALLIZATION: 
Type: AI. 1 % Cll. 
Thickness: 16kA ± 2kA 

GLASSIVATlON: 
Type: Nitride (Si3N4) Slver Silox (Si02• 5% Phos) 
Silox Thickness: 12kA:t 2kA 
Nitride Thickness: 3.5kA ± 2kA 

DIE AlTACH: 
Material: Silver Epoxy - Plastic DIP and SOIC 

Silver Epoxy - TO-99 Metal Can 

Metallization Mask Layout 

+IN 

v-

OUTPUT 

HA-2705 

HA-2705 

-IN 

BAL 

BAL 

v+ 
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Features 
• Low Supply Current •••••••••••••••••••••••• 13mA 

• Very High Slew Rate ••••••••••••••••••••• 625V/us 

• Open Loop Gain •••••••••••••••••••••••••• 25kVN 

• Wide Gain-Bandwidth (Ay ~ 10) •••••••••••• 600MHz 

• Full Power Bandwidth •••••••••••••••••• ; •• 10MHz 

• Low Offset Voltage ••••••••••••••••••••••••• 0.6mV 

• Differential Gain/Phase •••••••••••••••• 0.03%10.03° 

• Enhanced Replacement for EL2039 

Applications 
• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

• High Speed Sample-Hold Circuits 

• RF Oscillators 

Pinout 

HA-2839 
Very High Slew Rate Wideband 

Operational Amplifier 

Description 
The HA-2839 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and bandwidth character
istics. Bipolar construction, coupled with dielectric isolation, 
delivers outstanding performance in circuits with a closed 
loop gain of 10 or greater. 

A 625V/j.IS slew rate and a 600MHz gain bandwidth product 
ensure high performance in video and RF amplifier designs. 
Differential gain and phase are a low 0.03% and 0.03° 
respectively, making the HA-2839 ideal for video 
applications. A full ±10V output swing, high open loop gain, 
and outstanding AC parameters, make the HA-2839 an 
excellent choice for high speed Data Acquisition Systems. 

The HA-2839 is available in commercial and industrial 
temperature ranges, and a choice of packages. For military 
grade product, refer to the HA-2839/883 data sheet. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HA1·2839-5 O"C to +75"C 14 Lead Ceramic DIP 

HA3-2839-5 O"C to +75"C 14 Lead Plastic DIP 

HA1-2839-9 -40"C to +85"C 14 Lead Ceramic DIP 

HA3-2839-9 -4O"C to +85°C 14 Lead Plastic DIP 

HA-2839 
(COIP, POIP) 
TOP VIEW 

NOTE: (NC) No Connection pins may be tied to a ground 
plane for better Isolation and heat dissipation. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procaduras. 

Copyright @ Harris Corporation 1992 
File Number 2841.1 
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Specifications HA-2839 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals •••••••••••••••••••• 35V 
Differential Input Voltage •••••••••••••••••••••••••••••••• SV 
Output Current. •••••••••••••••••••••••••••••••••••• 50mA 
Internal Quiescent Power Dissipation (Note 2) 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + 17SoC 
Junction Temperature (Plastic Package) ••••••••••••••• + 15O"C 
Lead Temperature (Soldering 10 Sec.) ....•............ +3oooC 

Operating Conditions 
Operating Temperature Range 

HA-2839-S ••••••••••••••••••••••••••••• O"C s; T" s; +7SOC 
HA-2839-9 •••••••••••••••••••••••••••• -4O"C s; TA:S +85°C 

Recommended Supply Voltage Range ..••••••••••••• ±7V to ±ISV 
Slorage Temperature Range ••••••••••...•. -6SOC S; T" S; + 15O"C 
Thermal Package Characteristics fCIW) 9JA 9JC 

Ceramic DIP Package. • • • • • • • • • • • • • • 71 14 
Plastic Dip Package................. 107 38 

CAUTION: StressI/S abow those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress only l8t/ng and op8l8tion 
of the device at these or any other conditions above those indicated in the op8l8tional sections of this specification is notimpHed. 

Electrical Specifications VSUPPlY = ±ISV, Rl = lkn, cl s; 10pF, Unless Otherwise Specified. 

HA-2839-S,-9 

PARAMETER TEMPERATURE MIN TVP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 13) +2SOC - o.s 2 mV 

Full - 2 6 mV 

Average Offset Voltage Drift Full - 20 - /lVf'C 

Bias Current (Note 13) +25OC - 5 14.5 IJ.A 
Full - 8 20 IJ.A 

Offset Current +25OC - 1 4 IJ.A 
Full - - 8 IJ.A 

Input Resistance +25OC - 10 - kn 

Input Capacitance +25°C - 1 - pF 

Common Mode Range Full ±10 - - V 

Input NOise Voltage (I = 1 kHz, RSOURCE = 00, Note 13) +2SoC - 6 - nV/./Hi. 

Input Noise Current (I = 1 kHz, RSOURCE = 10kn, Note 13) +25OC - 6 - pAl./Hi. 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25OC 20 25 - kVN 

Full 15 20 - kVN 

Common-Mode Rejection Ratio (Notes 4, 13) Full 75 80 - dB 

Minimum Stable Gain +25°C 10 - - VN 

Gain Bandwidth Product (Notes 5, 12, 13) +25OC - 600 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 3, 13) Full ±10 - - V 

Output Current (Notes 3, 13) Full ±10 ±20 - mA 

Output Resistance +25°C - 30 - 0 

Full Power Bandwidth (Notes 3, 7) +25OC 8.7 10 - MHz 

Differential Gain (Notes 6, 11) +250C - 0.03 - % 

Differential Phase (Notes 6, 11) +25OC - 0.03 - Degrees 

Harmonic Distortion (Notes 6, 13, 14) +25OC - -79 - dBc 
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Specifications HA-2839 

Electrical Specifications VSUPPLY = ±15V, RL• 1 kO, CL S 10pF, Unless Otherwise specmed. (Continued) 

HA-2839-5, -9 

PARAMETER TEMPERATURE MIN TVP MAX UNITS 

TRANSIENT RESPONSE (Note 8) 

R/seTime +25"C - 4 - os 

Overshoot +25"C - 20 - % 

Slew Rate (Notes 3, 10, 13) +25"C 550 625 - V/pB 

Settling Time: 10V Step to 0.1% +25"C - 180 - os 

POWER REQUIREMENTS 

Supply Current (Note 13) Full - 13 15 rnA 

Power Supply Rejection Ratio (Notes 9, 13) Full 75 90 - dB 

NOTES: 

1. Absolute maximum ratings are Umiting values, applied Individually, beyond which the serviceability of the circuit mey be Impaired. 
Functionsl operability under any of these conditions is not necesserlly Implied. 

2. Maximum power dissipation wfth load conditions must be designed to melntain the maximum junction temperature below +175"C for 
ceramic packages and below + l5O"C for plastic peckages. 

3. ~ = lkO, Vo = ±10V, OVto±10V for s/ew rate. 

4. VcM =±10V. 
5. Vo .9OmV. 

6. Av = +10. Slew Rate 
7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = 2 V ; (V PEAK = 10V) • 

11: PEAK 8. Refer to Test Circuit section of data sheet. 

9. VSUPPLY = ±10VDC to ±20VDC. 

10. this parameter Is not tested. The limits are guaranteed based on lab characterization, and reflect lot-IO-Iot variation. 
11. DIfferential gain and phase ara measured with a VM700A video tester, using a NTC-7 composite VITS. 

12. Av=+l00. 

13. See "Typical Performance Curves" for more information. 

14. Vo = 2Vp.p, f = 1 MHz. 
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Test Circuit 

INPUT 

OUTPUT 

LARGE SIGNAL RESPONSE 
Input = 1 VlDiv. 

20CKl 

Output = 5VlDiv. 
50ns/Dlv. 

v+ 

INPUT - ........ Wlr< ........ -f 

soon 

SE~~_~ _________ ~5~kn~ ____________ ~ 

HA-2839 

TEST CIRCUIT 

IN ----11 ..... .>-1 __ OUT 

100Q 

INPUT 

OUTPUT 

SETTLING TIME TEST CIRCUIT 

• A,,=-10 

NOTE: 
Vs=±15V 
Ay=+10 
CL < 10pF 

SMALL SIGNAL RESPONSE 
Input = 10mVlDiv. 

Output = l00mVlDiv. 
50ns/Div. 

• Load Capacitance should be less than 10pF. 

• It is recommended that resistors be carbon composition 
OUTPUT and that feedback and summing network ratios be 

matched to 0.1 %. 

• SETTLING POINT (Summing Node) capacitance should 
be less than 10pF. For optimum settling time results. it is 
recommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with 8-3A sampling heads is recommended 
as a settle point monitor. 
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Die Character/sties 
DIE DIMENSIONS: 

65x52x19±1mils 
(1650 x 1310 x 483f.un) 

METALLIZATION: 
Type: Aluminum., 1% Copper 
Thickness: 16kA±2kA 

GLASSIVATION: 
Type: Nitride over Silqx 
Silox Thickness: 12kA;I: 2kA 
Nitride thickness: 3.5kA ± 1 kA 

Metallization Mask Layout 

r 

-tN 

+tN 

HA-2839 

DIE ATTACH: 
Material: Epoxy-Plastic DIP 

Gold Eutectic-Ceramlc DIP 

WORST CASE CURRENT DENSITY: 
1.3 x 105 Alcm2 at 3.4mA 

SUBSTRATE POTENTIAL (POWERED UP): V

TRANSISTOR COUNT: 34 

PROCESS: High Frequency Bipolar Dielectric Isolation 

HA-2839 

v+ 

OUT 

-.... ... 
...l.J 
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HA-2839 

Typical Performance Curves TA = +25"C, VSUPPlY = t15V, RL = 1kn, CL < 10pF, Unless Otherwise Specified 
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HA-2839 

Typical Performance Curves TA = +25°0, VSUPPLY = ±15V, RL = 1kn, OL < 1OpF, Unless Otherwise Specified (COntinued) 

710 

1-ro- ........ 
.... j'... 

'" r-.... ~I\ 
\ 

S50 

8.0 

3.0 

-to -to -20 0 +20 +40 +60 +60 +100 +120 +140 
TEMPERATURE ("C) 

FIGURE 7. SLEW RATE V8 TEMPERATURE 

I, a.s 
"- >' 

'\. 
~ l\.. ...... 

~ BIAS CURRENT 

" .) IjOFFSET VOLTAGE 

" ~ ...... 
~ 

........ ......1-

r--... 

.s 
2.5w 

! 
:..I 

1.5 !i! .. 
w 
II! 

0.5 l!i 
!; 
D-
iE 

-0.5 

.. 0 -40 -20 0 +2D +40 +60 +60 +100 +120 +140 
TEMPERATURE ("C) 

FIGURE 9. INPUT OFFSET VOLTAGE AND INPUT BIAS CURRENT 
VI TEMPERATURE 

15 

o 

I 
±1 5V,11cn 

±1 SV,15oo 

±16 V,750 

±IV, 

±IV, 

±IV, 

I 

11cn 

1SCXl 

750 

-00 -40 -20 0 +2D +40 +60 +60 +100 +120 +140 

TEMPERATURE ("C) 

FIGURE 11. POSITIVE OUTPUT SWING VI TEMPERATURE 

700 -....--
/ 

..... 

V 
I 

500 

/ 
450 

5 I 7 8 • 10 11 12 13 14 15 
SUPPLY VOLTAGE (±V) 

FIGURE 8. SLEW RATE V8 SUPPLY VOLTAGE 

14 

112 .. z 
w a: i3 10 

~ 
t 
iil 8 

';", 

V lc I 
+25"C +125"C 

~ 
6 

5 I 7 8 • 10 11 12 13 14 1 • 
SUPPLY VOLTAGE (±V) 

FIGURE 10. SUPPLY CURRENT VI SUPPLY VOLTAGE 

±IV, 750 

±lV.15OQ 

±8V,11cn 

~ .. ±15Y.75O 

I 
0.7.5 
!; 
!; 
0_10 

- I 
±15V, 1500 

I 
±1SV,11cn 

-12.5 I 
-to -to -20 0 20 40 60 80 100 120 140 

TEMPERATURE ("C) 

FIGURE 12. NEGATIVE OUTPUT SWING V8 TEMPERATURE 

2-398 



HA-2839 

Typical Performance Curves TA = +25"0, VSUPPLY = t15V, RL = 1kn, OL < 10pF, Unless Otherwise Specified (Continued) 
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Features 
• Low Supply Current •••••••••••••••••••••••• 13mA 

• Very High Slew Rata ••••••••••••••••••••• 625V1J.1S 

• Open Loop Gain •••••••••••••••••••••••••• 25kVN 

• Wide Gain-Bandwidth (Ay ~ 10) •••••••••••• 600MHz 

• Full Power Bandwidth ••••••••••••••••••••• 10MHz 

• Low Offset VaHaga ••••••••••••••••••••••••• 0.6mV 

• Differential Galn/Phase •••••••••••••••• 0.03%10.03° 

• Enhanced Replacement for EL2039 

Applications 

• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

• High Speed Sample-Hold Circuits 

• RF Oscillators 

Pinouts 
HA·2840 

(CDIP, PDIP, SOIC) 
TOP VIEW 

NCSNC -IN . V+ 

+IN 3 + SOUT 

Yo 4 5 NC 

HA-2840 
Very High Slew Rate Wideband 

Operational Amplifier 

Description 
The HA-2840 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and bandwidth character
istics. Bipolar construction, coupled with dielectric Isolation, 
delivers outstanding performance in circuits with a closed 
loop gain of 1 0 or greater. 

A 625V1J.1S slew rate and a 600MHz gain bandwidth product 
ensure high performance in video and RF amplifier designs. 
Differential gain and phase are a low 0.03% and 0.030 

respectively, making the HA-2840 ideal for video 
applications. A full ±10V output swing. high open loop gain. 
and outstanding AC parameters, make the HA-2840 an 
excellent choice for high speed Data Acquisition Systems. 

The HA-2840 is available in commercial and industrial 
temperature ranges, and a choice of packages. See the 
·Ordering Information" below for more information. For mili
tary grade product, refer to the HA-28401883 data sheet. 

Ordering Information 
PART 

NUMBER 

HAl-2840-5 

HA3B2840-5 

HA7-2B40-5 

HA3-2840-5 

HA9P2840-5 

HAl-2840-9 

HA3B2840-9 

HA7·2840-9 

HA3-2840-9 

TEMPERATURE 
RANGE 

O"C to +75OC 

O"C to +75OC 

O"C to +75OC 

O"C to +75OC 

O"C to +75OC 

-40"C to +85°C 

-40°C to +85OC 

-40"C to +85OC 

-4O"C to +85OC 

HA-2840 
(CDIP, PDIP) 
TOP VIEW 

PACKAGE 

14 Lead Ceramic DIP 

14 Lead Plastic DIP 

8 Lead Ceramic DIP 

8 Lead Plastic DIP 

8 LeadSOIC 

14 Lead Ceramic DIP 

14 Lead Plastic DIP 

8 Lead Ceramic DIP 

8 Lead J5lastlc DIP 

NOTE: (NC) No Connection pins may be tied to a grouoo plane for better isolation and heat dissipation. 

CAUTION: These devices are aanslliva to eiectroata1lc discharge. Usara should Iollow proper I.e. Handling Proceduraa. 

Copyright @Harris Corporation 1993 
File Number 2842.1 

2-400 



Specifications HA-2840 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals ••.••••.••....•.•... 35V 
Differential Input Voltage •.•••..••.•.•...••••....••.•.... 6V 
Output Current .••..•••••.••..•••••.••••.•.•..•••.•. SOmA 
Internal Quiescent Power Dissipation (Note 2) 
Junction Temperature. • . • . • • • • • • • • • • • • • • • • • • • • • • • . • + 175°C 
Junction Temperature (Plastic Package) .•••...•.•••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) .................. +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-2840-5 ••••..•••••..•••••...•••..•.. O"C S T" S +750 C 
HA-2840-9 ••••••••••••••••••••••••.•.. -4O"C S T" S +85°C 

Recommended Supply Voltage Range ••.•••••.•••••• t7V to t15V 
Storege Temperature Range .••.••.•••..••• -65OC S; T" S; +15O"C 
Thermal Package Characteristics ("CIW) 9JA 9JC 

14 Lead Ceramic DIP Package. • . . . • • • 71 14 
14 Lead Plastic DIP Package......... 107 38 
8 Lead Ceramic DIP Package......... 115 36 
8 Lead Plastic DIP Package.. • .••••• . 96 34 
8 Lead SOIC . • . . . •• . • • . . •. •••• • •. • 157 43 

CAUTION: Stresses abo .. those listed In "Absolute Max/mum Ratings" may cause permanent damage to the davica. This Is a strsas only /Sting and opfI/Stion 
of the devica at these or any other condlllons abowl those/ndlcatsd In the ope/S/IonBl ssctIona of this spec/flcatlon Is not impIIsd. 

Electrical Specifications VSUPPLY = t15V, RL = 11<0, CL S 10pF, Unless Otherwise Specified. 

HA·2840-5, .g 

PARAMETER TEMPERATURE MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 13) +25OC · 0.6 2 mV 

Full - 2 6 mV 

Average Offset Voltage Drift Full - 20 · Jl.VI"C 

Bias Current (Note 13) +25°C - 5 14.5 JI.A 
Full · 8 20 JI.A 

Offset Current +25OC - 1 4 JI.A 
Full · · 8 JI.A 

Input Resistance +25OC · 10 - 110 

Input Capacitance +25OC · 1 · pF 

Common Mode Range Full t10 · - V 

Input Noise Voltage (I = 1 kHz, RSOURCE = On, Note 13) +25OC · 6 · nV/./Hz 

Input Noise Current (I = 1 kHz, RsouRCE = 10110, Note 13) +25OC - 6 · pAl./Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25OC 20 25 · kVN 

Full 15 20 · kVN 

Common-Mode Rejaction Ratio (Notes 4, 13) Full 75 80 - dB 

Minimum Stable Gain +25OC 10 · · VN 

Gain Bandwidth Product (Notes 5, 12, 13) +25OC - 600 · MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 3, 13) Full t10 · - V 

Output Current (Notes 3, 13) Full t10 ±20 · mA 

Output Resistance +25OC · 30 · n 
Full Power Bandwidth (Notes 3, 7) +25OC 8.7 10 · MHz 

Differential Gain (Notes 6, 11) +25°C · 0.03 · % 

Differential Phase (Notes 6, 11) +25OC · 0.03 · Degrees 

Harmonic Distortion (Notes 6,13,14) +25°C · ·79 - dBc 
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Specifications HA-2840 

Electrical Specifications VSUPPLY = ±15V, At. = lkO, CL ~ 10pF, Unless Otherwise Specified. (Continued) 

HA-2840-5,-9 

PARAMETER TEMPERATURE MIN TYP MAX UNITS 

TRANSIENT RESPONSE (Note 8) 

Rise Time +25"C - 4 - ns 

Overshoot +25"C - 20 - % 

Slew Rate (Notes 3, 10, 13) +25OC 550 625 - VIJIS 

Settling Time: 10V Step to 0.1% +25"C - 180 - ns 

POWER REQUIREMENTS 

Supply Current (Note 13) Full - 13 15 rnA 

Power Supply Rejection Ratio (Notes 9, 13) Full 75 90 - dB 

NOTES: 

1. Absolute maximum ratings are Umltlng values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func
tional operability under any of these conditions Is not necessarily Implied. 

2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175"C for ce-
ramic packages and below + l5O"C for plastic packages. 

3. RL = lkn, Vo = HOV, OV to ±10V for slew rate. 

4. VCM = ±10V. 

5. Vo=9OmV. 
6. Ay=+10. 

. . Slew Rate 
7. Full Power BandWIdth guaranteed based on slew rate measurement using FPBW = 211V ; (VpEAK = 10V) • 
8. Refer to Test Circuit section of data sheet PEAK 

9. VSUPPLY = ±10VDC to ±20VDC. 

10. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-Iot v~ation. 
11. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 

12. Ay = +100. 

13. See "Typical Performance Curves" for more Information. 

14. Vo =2Vp.p,f= 1 MHz. 
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Test Circuit 

INPUT 

OUTPUT 

LARGE SIGNAL RESPONSE 
Input = 1 VlOw. 

Output = 5V /Dw. 
SOnS/DW. 

v+ 

2000 
INPUT ~~M""'--I 

sooo 

V-
2kn 

HA-2840 

TEST CIRCUIT 

IN_--I >--1>--- OUT 

SlOan 

1000 

INPUT 

OUTPUT 

NOTE: 

Vs=±15V 
,,*,=+10 
CL< 10pF 

SMALL SIGNAL RESPONSE 
Input = 1 OmVlOw. 

Output = 100mV/Oiv. 
50ns/Dw. 

SETTLING TIME TEST CIRCUIT 

• ",=-10 

• Load Capacitance should be less than 10pF. 

• It is recommended that resistors be carbon composition 
OUTPUT and that feedback and summing network ratios be 

matched to 0.1 %. 

• SETTliNG POINT (Summing Node) capacitance should 
~ less than 10pF. For optimum settling time results. it is 
recommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling 
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Die Characteristics 
DIE DIMENSIONS: 

65x52x19±1mlls 
(1650 x 1310 x 483llm) 

METALLIZATION: 
"TYpe: Aluminufl\, 1 % Copper 
Thickness: 1SkA ± 2kA 

GLASSIVATION: 
Type: Nitride over SilQx 
Silox Thickness: 12kA; 2kA 
Nitride thickness: 3.5kA ± 1 kA 

Metallization Mask Layout 

HA-2840 

DIE ATTACH: 
Material: Epoxy-Plastic DIP 

Gold Eutectic-Ceramic DIP 

WORST CASE CURRENT DENSITY: 
1.3 x 105 Alcm2 at 3.4mA 

SUBSTRATE POTENTIAL (POWERED UP): V

TRANSISTOR COUNT: 34 

PROCESS: High Frequency Bipolar Dielectric Isolation 

HA-2840 

r r.==n [,,-'"'Fn==nr:::==iii13jnl - v+ 

OUT 

-IN 

+IN 

...I.J 
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HA-2840 

Typical Performance Curves TA = +25°C, VSUPPLY = ±15V, RL = 1kO, CL < 10pF, Unless Otherwise Specified 

100 

80 

80 
_40 

~20 
~ 0 

, 
"" L-10oo 

I J-i.... 
Tl7-+--
"' 

f-0jEi,OOj 

.......;;,. -
i'IlcL,,1oo 

....... 

OPEN LOOP 

~ 
~ 

T ~ 
"., L,,10 ~. 

" '\ 
i" 
I11III 

1K 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

Iii w 
II! 
c:J 
w e. 
w 
~ 

0 
:z: 
Do 

SID 

180 

FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 

750 

I 
t) 650 

8 
f 550 

~ 

1450 

z 

-i""'--i"'-
....... 

'" '" "-
" ~ 350 

" 250 

-60 -40 -20 0 +20 +40 +80 +80 +100 +120 +140 
TEMPERATURE ~C) 

FIGURE 3. GAIN BANDWIDTH PRODUCT VI TEMPERATURE 

110 

100 

SlO 

80 

iii 70 

:80 
Ilisa 
Do 

40 

30 

20 

10 

-
-
-
-
-
--

o 
100 

I 1111111 
II 111111 
±PSRR 

1K 10K 100K 1M 
FREQUENCY (Hz) 

FIGURE 5. PSRR VI FREQUENCY 

i' 

10M 

650 
11' :z: 
!. 
I:i 
8600 
II: 
Do 

~ 
~5sa 

.......... ----~ ~ ./ 
z 
a1 I 
z 

~500 
5 I 7 8 II 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 

FIGURE 2. GAIN BANDWIDTH PRODUCT VI SUPPLY VOLTAGE 

80 

70 

iii 
:!i!.60 

i 
~50 

40 

30 

20 
100 

~30 
l 
w 

~20 g 
III 
~10 

~ 
'" 

\ 

~ 

1K 10K 100K 1M 
FREQUENCY (Hz) 

FlGURE4.CMRRvIFREQUENCY 

NOISE CURRENT 

~ NOISE VOLTAGE 

~ 

i'-~ L 
'j 

sa 

o 0 

10M 

10 100 1K 10K 100K 

FREQUENCY (Hz) 

FIGURE 6. INPUT NOISE VI FREQUENCY 

2-405 



HA-2840 

Typical Performance Curves TA - +25°0, VSUPPlY = ±15V, RL = 11<0, OL < 10pF, Unless Otherwise Specified (Conllnued) 
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HA-2840 

Typical Performance Curves TA = +25°C, VSUPPLY = t15V, RL = 1kn, CL < 10pF, Unless Otherwise Specified (Condnued) 
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Features 
• Low Supply Current ••••••••••••••••••• 10mA 

• Low AC variability Over Process and Temperature 

• Unity Gain Bandwidth ................ SOMHz 

• Gain Flatness to 10MHz. •••••••••••••• 0.05dB 

• High Slew Rate ..................... 240VlIUI 

• Low Offset Voltage ..................... 1mV 

• Faat Settling Time (0.1%) ••••••••••••••• 90ns 

• Differential Gain/Phase ••••••••••• 0.030/010.03° 

• Enhanced Replacement for AD841 and EL2041 

Applications 
• Pulse and Video Amplifiers 

• W1deband Amplifiers 

• High Speed Sample-Hold Circuits 

• Faat, Precise DlA Converters 

• High Speed AID Input Buffer 

Pinouts 
HA·2841 
(PDIP) 

TOP VIEW 

HA-2841 
Wideband, Fast Settling, Unity Gain Stable, 

Video Operational Amplifier 

Description 
TIle HA-2841 is a wieleband, unity gain stable, operational amplifl9r fea· 
turing a 50MHz unity gain bandwidth, and exceUent DC specifICations. 
This amplifl9r's performance is further enhanced through stable opera. 
tion down to closed loop gains 01 +1, the inclusion 01 offset null oontrols, 
and by its excellent video performance. 
TIle capabilities 01 the HA-2B41 are ideally suited for high speed pulse 
and video amplifier circuits. where high slew rates and wide bandwidth 
are required. Gain flatness 01 O.05dB, combined with differential gain 
and phase specifications 01 0.03%, and 0.03 degrees. respectively, 
make the HA-2841 ideal for component and composite video applica· 
tions. 

A zener/nichrome based reference circuit, coupled with advanced laser 
trimming techniques, yields a supply current with a low temperature 
coefficient and low Iot·to-Iot variability. Tighter Icc oontroltranslates to 
more consistent PC parameters ensuring that units from each lot per. 
form the same wa~ and easing the task 01 designing systems for wide 
temperature ranges. Critical AC parameters, Slew Rate and Bandwidth, 
each vary by less than ±5% over the industrial temperature range (see 
characteristic curves). 

For military grade product, refer to the HA·2841/BB3 data sheet. 

Ordering Information 

PART NUMBER 

HA3B2841-5 

HA3-2841·5 

HA9P2841-5 

HA3B2841-9 

HA3-2841·9 

TEMPERATURE RANGE 

O·Cto+75"C 

O"Cto +75"C 

O"Cto+75"C 

-4O"C to +85"C 

-40"C to +85"C 

HA·2841 
(PDIP, SOIC) 
TOP VIEW 

PACKAGE 

14 Lead Plastic DIP 

8 Lead Plastic DIP 

8 LeadSOIC 

14 Lead Plastic DIP 

8 Lead Plastic DIP 

BAL8BAL -IN 2 7 Y+ 

+IN 3 ; 6 OUT 

Y·4 SNC 

NOTE: (NC) No Connection pins may be ded to a ground plane for better isolation and heat dlsslpadon. 

CAUTION: These devices are sensHIve to electrostatic discharge. Users should follow proper I.e. Handling Procedures. 
Copyright e Harris Corporation 1993 

File Number 2843.1 
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Specifications HA-2841 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals. • . . . • . • . . . • • . . . • . . . 35V 
Differential Input Voltage. • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • 6V 
Output Current (Note 6) ••••.•••••.•.•.•.•••••.••..•.• 50mA 

lOrnA (50% Duty Cycle) 
Junction Temperature (Note 11) .•••••••.•••••.•.•••.• +1750C 
Junction Temperature (Plastic Package) •.•••.••••••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) •...•.•..•.•....• +300"C 

Operating Conditions 
Operating Temperature Range 

HA-2841-5 •..•••.••••••.•.•••.••••••••• O"C:s TA:S +750 C 
HA-2841-9 ••••••••••.•.•..•.•..••.•.•• -4O"C:s TA:S +85°C 

Recommended Supply Voltage Range •...•..••.... ±6.5V to ±15V 
Storage Temperature Range .••••.•.••••••• -6500 ~ TA ~ + 15O"C 
Thermal Package Characteristics ("CNI) 9JA 9JC 

14l.ead Plastic DIP Package. • • • •• . . • 89 28 
8 Lead Plastic Dip Package. . • • • . • • • . • 92 30 
8 Lead SOIC Package............... 157 42 

CAUTION: StrIlSsBs abo .. tIJoss listed In "Abso/ul8 MBXimum Ratings" may cause permanent damage to the davies. This is a stress only I8ting and opfIl8lion 
of the device at these or any other conditions above those indicated in the op8l8tional sections of this spBClflcat/on is not IITfJHed. 

Electrical Specifications VSUPPLY = ±15V, f\. = 1 kCl, CL ~ 10pF, Unless Otherwise Specified. 

HA-2941-5, -9 

PARAMETER TEMPERATURE MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltege (Note 13) +2500 - 1 3 mV 

Full - - 6 mV 

Average Offset Voltage Drift Full - 14 - V-Vf'C 

Bias Current (Note 13) +2500 - 5 10 v.A 
Full - 8 15 v.A 

Average Bias Current Drift Full - 45 - nAJOC 

Offset Current +2500 - 0.5 1.0 v.A 
Full - - 1.5 v.A 

Input Resistance +250C - 170 - ka 

Input Capacitance +25°C - I . pF 

Common Mode Range Full ±10 - - V 

Input Noise Voltage (10Hz to 1 MHz) +2500 - 16 - V-Vrms 

Input Noise Voltage (f = 1 kHz, RSOURCE = 00) (Note 13) +2500 - 16 - nV/JHz 

Input Noise Current (f = 1 kHz, RSOURCE = 10ka) (Note 13) +2500 - 2 - pA/JHz 

TRANSFER CHARACTERISnCS 

L.erge Signal Voltage Gain (Note 3) +2500 25 50 . kVN 

Full 10 30 - kVN 

Common-Mode Rejection Ratio (Notes 4, 13) Full 80 95 - dB 

Minimum Steble Gain +2500 1 - - VN 

Gain Bandwidth Product (Notes 5, 13) +2500 - 50 - MHz 

Gain Flatness to 5MHz (RL ~ 750) (Note 13) +2500 - ±0.015 - dB 

Gain Flatness to 10MHz (RL ~ 5000) (Note 13) +25°C - ±O.05 - dB 

OUTPUT CHARACTERlsnCS 

Output Voltege Swing (Note 13) Full ±10 ±10.5 - V 

Output Current (Notes 6, 13) Full 15 30 - mA 

Output Resistence +2500 - 8.5 - n 

Full Power Bandwidth (Notes 3 and 7) +2500 3.2 3.8 - MHz 

Differential Gain (Notes 2, 13) +2500 - 0.03 - % 

Differential Phase (Notes 2,13) +25°C - 0.03 - Degrees 
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Specifications HA-2841 

Electrical Specifications VSUPPLY = ±15V, RL = 1kO, CL S 10pF, Unless Otherwise Specified. (Continued) 

HA-2841-5, -9 

PARAMETER TEMPERATURE I MIN TYP MAX UNITS 

OUTPUT CHARACTERISTICS (Continued) 

Harmonic Distortion (Notes 10, 13) +25"C - >83 - dBc 

TRANSIENT RESPONSE (Note 8) , 

Rise Time +25"C - 3 - ns 

Overshoot +25"C - 33 - % 

Slew Rete (Notes 12, 13) +25"C 200 240 - Vips 

SettHng Time: 10V Step to 0.1 % +25"C - 90 - ns 

POWER REQUIREMENTS 

Supply Current (Note 13) +25"C - 10 - rnA 

Full - 10 11 rnA 

Power Supply Rejection Retlo (Notes 9, 13) Full 70 80 - dB 

NOTES: 

1. Absolute maximum ratings are fimltlng values, applied Individually, beyond which the servlceablHty 01 the circuit may be Impaired. Func-
tional operability under any 01 these conditions Is not necessarily Implied. 

2. Differential gain and end phase are measured with a VM700A video tester, using a NTC-7 composite VITS. RF = R, = 1 K, At = 7000. 
3. Vo=±10V. 

4. VcM =±10V. 

5. ,t\ycL = 1000, Measured at unity gain crossing. 

6. Vo = ±10V, RL unconnected. Output duty cycle must be reduced if IOUT>10rnA. Slew Rete 
7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = 2 V ; (VpEAK = 10V). 
8. Reier to Test Circuit section 01 data sheet. It PEAK 

9. VSUPPl.Y = ±10VDC to ±20VDC. 

10. Vo =2Vp-p; 1= 1 MHz; ~ =+1. 

11. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below + 15O"C lor 
plastic packages. 

12. ~ = +1. This parameter Is not tested. The limits are guaranteed based on lab characterization, and reflectlot-to-Iot variation. 

13. See "Typical Performance Curves" lor more Inlormation. 
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Test Circuit 

INPUT 

OUTPUT 

LARGE SIGNAL RESPONSE 
Input = 5V1Dlv. 

Output = 5V lDiv. 
50ns/Div. 

Settling Time Test Circuit 

HA-2841 

TEST CIRCUIT 

INPUT 

OUTPUT 

NOTE: 

Vs=±15V 
I>y = +1 
CL < 10pF 

SMALL SIGNAL RESPONSE 
Input = 100mVlDiv. 

Output = 100mVlDiv. 
5Ons/Div. 

r--..... ---P--oO ~5TrWNG 

SKn 

2Kn 

V+ 

2Kn 

> ..... --oVOUT 

y. 

Suggested Offset Voltage Adjustment 
V+ 

• Av =·1 

• Load Capacitance should be less than 10pF. 

• Feedback and summing resistors must be matched to 
0.1%. 

• Tektronix P6201 FET probe used at settling point. 

• HP5082·2810 clipping diodes recommended. 

OUT 
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Ole Characteristics 
DIE DIMENSIONS: 

77x81x19±1mils 
(1960 x 2060 x 48311m) 

METALLIZATION: 
Type: Aluminum., 1% Copper 
Thickness: 16kA ± 2kA 

GLASSIVATION: 
Type: Nitride over Silqx 
Silox Thickness: 12kA:t 2kA 
Nitride thickness: 3.SkA ± 1 kA 

Metallization Mask Layout 

·IN 

+IN 

HA-2841 

DIE ATTACH: 
Material: Epoxy-Plastic DIP and SOIC 

WORST CASE CURRENT DENSITY: 
1.2 x 105 Alcm2 at 9.7mA 

SUBSTRATE POTENTIAL (POWERED UP): V· 

TRANSISTOR COUNT: 43 

PROCESS: High Frequency Bipolar Dielectric Isolation 

HA·2841 

v+ 

OUT 
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HA-2841 

Typical Performance Curves TA = +250C, VSUPPlY = t15V, RL = 1Kn, CL < 10pF, Unless OtherwIse Specified 
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HA-2841 

Typical Performance Curves TA = +25°C, VSUPPLY = ±15V, RL = 1KO, CL < 10pF, Unless Otherwise Specified (Continued) 
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HA-2841 

Typical Performance Curves TA = +250C. VSUPPlY = ±15V. RL = 11(0, CL < 10pF, Unless Otherwise Specified (Continued) 
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HA·2841 

Typical Applications (Also see Application Note 550) 

Application 1 

High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the "high power" capability Is 
needed to drive large capacitive loads as well as low value 
resistive. loads. In both cases the final driver stage is usually 
a power transistor of some type, but because of their inher
ently low gain, several stages of pre-drivers are often 
required. The HA-2841, with its 15mA output rating, is pow
erful enough to drive a power transistor without additional 
stages of current amplification. This capability is well demon
strated with the high power buffer circuit in Figure 19. 

The HA-2841 acts as the pre-driver to the output power tran
sisto~. Together, they form a unity gain buffer with the ability 
to drive three 500 coaxial cables in parallel, each with a 
capacitance of 2000pF. The total combined load is 16.00 
and 6000pF capacitance. 

.... LOAD 18.6Q; 8000pF 
OR 12.5Q; 6000pF 

FIGURE 19. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 

Application 2 

Video 

One of the primary uses of the HA-2841 is in the aree of 
video applications. These applications include signal con
struction, synchronization addition and removal, as well as 
signal modification. A wide bandwidth device such as the 
HA-2841 is well suited for use in this class of amplifier. This, 
however, is a more involved group of applications than ordi
nary amplifier applications since video signals contain pre
cise DC levels which must be retained. 

The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 20 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 

FIGURE 20. VIDEO DC RESTORER 

Prototyping Guidelines 
For best overall performance in any application, it is recom
mended that high frequency layout techniques be used. This 
should include: 

1. Mounting the device through a ground plane. 

2. Connectlng unused pins (NC) to the ground plane. 
3. Mounting feedback components on Teflon standoffs ancll 

or locating these components as close to the device'as 
possible. 

4. Placing power supply decoupling capacitors from device 
supply pins to ground. 
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Features 

• Stable at Gains of 2 or Greater 

HA-2842 
Wideband, High Slew Rate, High Output Current, 

Video Operational Amplifier 

Description 

• Low AC Varlabllhy Over Process and Temperature 

The HA-2842 is a wideband, high slew rate, operational 
amplifier featuring an outstanding combination of speed, 
bandwidth, and output drive capability. This amplifier's per
formance is further enhanced through stable operation down 
to closed loop gains of +2, the inclusion of offset null con
trols, and by its excellent video periormance. 

• Gain Bandwidth •••••••••••••••••••••••••• 80MHz 
• Gain Flatness to 10MHz. •••••••••••••••••• O.035dB 
• High Slew Rate •••••••••••••••••••••••••• 400Vlj.1S 
• High Output Current (Min) •••••••••••••••••• 100mA 

The capabilities of the HA-2842 are ideally suited for high 
speed cable driver Circuits, where low closed loop gains and 
high output drive are required. With a 6MHz full power band
width, this amplifier is well suited for high frequency signal 
conditioning circuits and video amplifiers. Gain flatness of 
0.035dB, combined with differential gain and phase specifi
cations of 0.02%, and 0.03 degrees, respectively, make the 
HA-2842 ideal for component and composite video applica
tions. 

• Differential GalnlPhase •••••••••••••••• 0.020/010.03° 
• Low Supply Current (Max) •••••••••••••••••• 15mA 
• Enhanced Replacement for AD842 

Applications 

• Pulse and Video Amplifiers 
• Wldeband Amplifiers 
• Coaxial Cable Drivers 
• Fast Sample-Hold Circuits 
• High Frequency Signal Conditioning Circuits 

A zener/nichrome based reference circuit, coupled with 
advanced laser trimming techniques, yields a supply current 
with a low temperature coefficient and low lot-to-Iot variabil
ity. For example, the average Icc variation from +85°C to 
-40OC is <6OOIJA (±2%),while the standard deviation of the 
Icc distribution is <0.1 mA (0.8%) at +250C. Tighter Icc con
trol translates to more consistent AC parameters ensuring 
that units from each lot perform the same way, and easing 
the task of designing systems for wide temperature ranges. 
Critical AC parameters, Slew Rate and Bandwidth, each 
vary by less than ±5% over the industrial temperature range 
(see Typical Periormance Curves). 

Ordering Information 

PART 
NUMBER 

HA3B2842·5 

HA3-2842-5 

HA9P2842-5 

HA3-28420-5 

HA9P28420-5 

HA3B2842-9 

HA3-2842-9 

Pinouts 

TEMPERATURE 
RANGE 

0"0 to +75"C 

0"0 to +75"C 

O"C to +75"C 

0"0 to +75"C 

0"0 to +75"C 

-4O"C 10 +85"C 

-4O"C 10 +85"C 

HA·2842 
(PDIP) 

TOP VIEW 

PACKAGE 

14 Lead Plastic DIP 

8 Lead Plastic DIP 

8 Lead SOlO 

8 Lead Plastic 01 P 

8 Lead SOlO 

14 Lead Plastic DIP 

8 Lead Plastic 01 P 

The HA-2842C is the same amplifier with a compensation 
pin available 10 the user. By connecting a capaCitor from pin 
8 to GND, the HA-2842C can be compensated for unity gain 
operation, or the bandwidth can be limited to reduce total 
noise. 

HA·2842 
(PDIP, SOIC) 
TOP VIEW 

HA·2842C 
(pDIP, SOlO) 
TOP VIEW 

BALgBAL 
-IN 2 7 v+ 
+lN3 + 6 OUT 

V-4 SNC 

NC~CO~ 
-IN 2 7 Y+ 

+IN 3 + 6 OUT 

y. 4 S NC 

NOTE: (NO) No Oonnection pins may be tied to a ground plane for better Isolation and heat dissipation. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2766.3 
Copyright @ Harris Corporation 1993 
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Specifications HA-2842 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage Between V+ and V- Terminals .................... 35V Operating Temperature Range 
DIf1erentiallnput Voltage •••••••••..•.•.•••••••..••.••••. 6V HA-2842-5 .••••••••••.•.••••••••••••••. O"C';; T",;; +7500 
Output Current •••••••••••••••••••••••••••••••••••• 125rnA HA-2842-9 ••••••••••.•.•••.•.•.••••••• -40"0,;; T",;; +85°C 

100mA (50% Duty Cycle) Recommended Supply Voltage Range .•.....••.••. ±6.5V to ±15V 
Junction Temperature (Note 11). . • . • . • • • . • • • . • • • • • • •• + 175°C Storage Temperature Range •.••••••••••••. -6500 ,;; T" ,;; + 15O"C 
Junction Temperature (Plastic Package) ••••••...•.••.• +15O"C Thermal Package Characteristics fCIW) 8JA 8JC 
Lead Temperature (Soldering 10 Sec.) .....••...•..••.• +300"C 14 Lead Plastic DIP Package •.••..••• 89 28 

8 Lead Plastic Dip Package ••••••.••.• 92 30 
8 Lead SOIC Package ............... 157 42 

CAUTION: SIressBs abo .. those listed in "AbsolufB Maximum Ratings" may cause permanent damage to the davice. This is a stress only mling and operation 
of the device at /hess or any other conditkms above thOSllindicated in the opBI8tional ssctIons of this specification is not i""Hed. 

Electrical Specifications VSUPPLY = ±15V, ~ = 1kO, cL,;; 10pF, Unless Otherwise Specified. 

HA-2842-5. -II 

PARAMETER TEMPERATURE MIN TYP MAX UNR'S 

INPUT CHARACTERISTICS 

Offset Voltage (Note 13) +2500 - 1 3 mV 

Full - - 6 mV 

Average Offset Voltage Drift Full - 13 - IlViOO 

Bias Current (Note 13) +2500 - 5 10 I1A 
Full - - 15 I1A 

Average Bias Current Drift Full - 20 - nAf'C 

Offset Current +2500 - 0.5 1.0 I1A 
Full - - 1.5 I1A 

Average Offset Current Drift Full - 1.3 - nAl"C 

Input Resistance +2500 - 170 - kO 

Input Capacitance +2500 - 1 - pF 

Common Mode Range Full ±10 - - V 

Input Noise Voltage (10Hz to 1 MHz) +2500 - 16 - IlVrms 

Input Noise Voltage Density (f = 1 kHz, RSOURCE = 00) (Note 13) +2500 - 16 - nV/./Hz 

Input Noise Current (f = 1 kHz, RSOURCE = 100k0) (Note 13) +2500 - 2 - pAl./Hz 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 3) +2500 50 100 - kVN 

Full 30 60 - kVN 

Common-Mode Rejection Ratio (Notas 4, 13) Full 80 110 - dB 

Minimum Stable Gain +2500 2 - - VN 

Gain Bandwidth Product (Notes 5, 13) +2500 - 80 - MHz 

Gain Flatness to 10MHz (RL ~ 750) (Note 13) +25°C - ±0.035 - dB 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notas 3, 13) Full ±10 ±11 - V 

Output Current (Notes 6, 13) Full 100 - - rnA 

Output Resistance +2500 - 8.5 - 0 

Full Power Bandwidth (Notas 3 and 7) +2500 5.2 6 - MHz 

Differential Gain (Notes 2, 13) +2500 - 0.02 - % 

Differential Phase (Notes 2, 13) +2500 - 0.03 - Degrees 

Harmonic Distortion (Notes 10, 13) +2500 - >81 - dBc 

2-418 



Specifications HA-2842 

Electrical Specifications VSUPPLY = ±15V, f\ = 1kO, CL S 10pF, Unless Otherwise Specified. (Continued) 

HA-2842-5. -9 

PARAMETER TEMPERATURE MIN TYP MAX UNITS 

TRANSIENT RESPONSE (Note 9) 

RiseT1me .25OC - 4 - ns 

Overshoot .25OC - 25 - % 

Slew Rate (Notes 12, 13) .25OC 325 400 - VIlIS 

Settling Time: 10V Step to 0.1% .25OC - 100 - ns 

POWER REQUIREMENTS 

Supply Current (Note 13) .25OC - 14.2 - rnA 

Full - 14.3 15 rnA 

Power Supply Rejection Ratio (Notes 9, 13) Full 70 80 - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func-
tional operability under any of these conditions Is not necessarily implied. 

2. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. RF = Rl = if(, RL = 7000. 

3. RL = 11<0, Vo =±10V. 

4. VCM = ±10V. 

5. AvcL = 100. 
6. Vo = ±5V, f\ Unconnected, Duty cycle s 50%. For Information about using high output current amplifiers, please refer to Application Note 

556 (Thermal Safe-OperatIng-Areas For High Current Op Amps) 

7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW 
8. Refer to Test Circuits section of this data sheet 

9. VSUPPLY = ±10VDC to ±20VDC. 

10. Vo = 2Vp-p; f = 1MHz; Ay = .2. 

Slew Rate 
;VpEAK = 10V. 

2xVpEAK 

11. Maximum power dissipation, Including output load, must be designed to maintain the maximum junction temperature below .15OOC for 
plastic packages. By using Application Note 556 on Safe Operating Area equations, along with the packaging thermal resistances listed 
in the Operating Conditions section, proper load conditions can be determined. 

12. Ay = .2. This parameter is not tested. The limits are guaranteed based on lab characterization and reflect lot-to-Iot variation. 

13. See "Typical Performance Curves" for more Information. 
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HA-2842 

Test Circuits 

INPUT 

OUTPUT 

TEST CIRCUIT 

IN_--f >--1-- OUT NOTE: 

sooo Vs=±15V 

500n 

Av .. -¥l 
CL S10pF 

LARGE SIGNAL RESPONSE 
Input = 5V1Div. 

SMALL SIGNAL RESPONSE 
Input = 100mVlDlv. 

Output = l00mVlDlv. 
50ns/Div. 

2.5kn 

5000 

Output = 5VlOiv. 
5OnsIDiv. 

INPUT 

OUTPUT 

SETIUNG TIME TEST CIRCUIT 

....--...... ---...... -- ~5WNQ 

lkn 

> ..... --yOUT 

v-

• Av =-2 
• Feedback and summing resistors must be matched (0. , %J 
• HP5082-2810 clipping diodes recommended 
• Tektronix P6201 FET probe used at settling point 
• For 0.01% settling time, heat sinking is suggested to reduce ther

mal effects and an analog ground plane with supply decoupling is 
suggested to minimize ground loop errors. 

SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

y+ 

OUT 

y-
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Metallization Topology 
DIE DIMENSIONS: 

77x81x19±1mils 
(1960 x 2060 x 483Jun) 

METALLlZAnON: 
Type: Aluminumi' 1% Copper 
Thickness: 16kA ± 2kA 

GLASSIVATION: 
Type: Nitride over Silqx 
Silox Thickness: 12kA:i: 2kA 
Nitride thickness: 3.5kA ± 1 kA 

Metallization Mask Layout 

HAL 

-IN 

+IN 

v-

HA-2842 

DIE ATTACH: 
Material: Epoxy-Plastic DIP and SOIC 

WORST CASE CURRENT DENSITY: 
1.83 x 105 A/cm2 at 56mA 

SUBSTRATE POTENnAL (POWERED UP): V

TRANSISTOR COUNT: 58 

PROCESS: High Frequency Bipolar Dielectric Isolation 

HA-2842 

BAL 

COMP 

v+ 

OUT 
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HA-2842 

Typical Performance Curves TA = +25°C. VSUPPLY = ±15V. IX = 11<0, CL < 10pF, Unless Otherwise Specified 
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HA-2842 

Typical Performance Curves TA = +2SOC, VSUPPLY = ±15V, RL = 11<0, CL < 10pF, Unless Otherwise Specified (Continued) 
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HA-2842 

Typical Performance Curves TA = +25"C, VSUPPLV = ±15V, At. = 1Ka, CL < 10pF, Unless Otherwise Specified (Continued) 
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HA-2842 

Typical Performance Curves TA ", +25"0, VSUPPlY"' 115V, RL = 11<0, OL < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE lSI. GAIN BANDWIDTH PRODUCT vs LOAD RESISTANCE 

Typical Applications 

The Harris HA-2842 is a state of the art monolithic device 
which also approaches the "ALL-IN-ONE" amplifier concept. 
This device features an outstanding set of AC parameters 
augmented by excellent output drive capability providing for 
suitable application in both high speed and high output drive 
circuits. 

Primarily intended to be used in balanced 500 and 750 
coaxial cable systems as a driver, the HA-2842 could also be 
used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 

Prototyping Guidelines 

For best overall performance in any application, it is recom
mended that high frequency layout techniques be used. This 
should include: 

1. Mounting the device through a ground plane. 
2. Connecting unused pins (NC) to the ground plane. 

3. Mounting feedback components on Teflon standoffs ancll 
or locating these components as close to the device as 
possible. 

4. Placing power supply decoupling capacitors from device 
supply pins to ground. 

Power Dissipation Considerations 

At high output currents, especially with the 8 lead SOIC 
package, care must be taken to ensure that the Maximum 
Junction Temperature (TJ' see "Absolute Maximum Ratings· 
table) isn't exceeded. As an example consider the HA-2842 
in the SOIC package, with a required output current of SOmA 
at VOUT = 10V. The power dissipation is the quiescent power 
(450mW = 30V -15mA) plus the power dissipated in the out
put stage (POUT = 250mW = SOmA - (15V - 10V», or a total 
of 700mW. The thermal resistance (OJA) of the SOIC pack
age is +157OC!W, which increases the junction temperature 
by 11000 over the ambient temperature (TA). Remaining 
below TJMAX requires that TA be restricted to s +4OoC 
(+1500C - +11000). Heatsinking would be required for oper
ation at ambient temperatures greater than +4000. 

Note that the problem isn't as severe with either of the PDIP 
packages due to their lower thermal resistances, however it 
is recommended that the above analysis be performed for 
any package if operating outside the conditions listed below: 

MAX POUT WITHOUT HEATSINK (VS = 115V) 

14LEADPDIP 8LEADPDIP 8LEADSOIC 
TA (9JA .. 119"CJW) (9JA .. 92°CJW) (BJA • 157"CJW) 

+8500 280mW 260mW Heatslnk 
Required 

+7000 450mW 420mW 60mW 

+2500 950mW 910mW 350mW 

Allowable output power can be increased by decreasing the 
quiescent dissipation via lower supply voltages. 

For more information please refer to Application Note 556, 
Thermal Safe Operating Areas for High Current Op Amps. 
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Features 
• Low Supply Current •••••••••••••••••••••••• 7 .smA 

• High Slew Rate •••••••••••••••••••••••••• 340Vllle 

• Open Loop Gain •••••••••••••••••••••••••• 25kVN 

• Wide Gain-Bandwidth CAy <!: 10) •••••••••••• 470MHz 

• Full Power Bandwidth ••••••••••••••••••••• S.4MHz 

• Low Offset Voltage ••••••••••••••••••••••••• 0.6mV 

• Input Noise Voltage ••••••••••••••••••• 11 nV / ./Hi 
• Differential GalnlPhase •••••••••••••••• 0.04%10.04° 

• Lower Power Enhanced Replacement for AD840 and 
EL2040 

Applications 
• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise DlA Converters 

Pinouts 
HA-2850 

(CDIP, PDIP) 
TOP VIEW 

HA-2850 
Low Power, High Slew Rate Wideband 

Operational Amplifier 

Description 
The HA-2850 Is a wideband, high slew rate, operational ampli
fier featuring superior speed and bandwidth characteristics. 
Bipolar construction, coupled with dielectric isolation, delivers 
outstanding performance In circuits with a closed loop gain of 10 
or greater. 

A 340Vlj.lS slew rate and a 470MHz gain bandwidth product 
ensure high performance in video and wldeband amplifier 
designs. Differential gain and phase are a low 0.04% and 0.040 

respectively, making the HA-2850 Ideal for video applications. A 
full ±10V output swing, high open loop gain, and outstanding AC 
parameters, make the HA·2850 an excellent choice for high 
speed Data AcquiSition Systems. 

The HA-2850 is available In commercial and industrial 
temperature ranges, and a choice of packages. For military 
grade product, refer to the HA-2850/883 data sheet. 

Ordering Information 

PART 
NUMBER 

HAI-2850-5 

HA3B2850-5 

HA7·2850-5 

HA3-2850-5 

HA9P2850-5 

HAI-2850-9 

HA3B2850-9 

HA7-2850-9 

HA3-2850-9 

TEMPERATURE 
RANGE PACKAGE 

OoC to +7500 14 Lead Ceramic DIP 

OOCto +7500 14 Lead Plastic DIP 

OOC 10 +7500 8 Lead Ceramic DIP 

OOC to +7500 8 Lead Plastic DIP 

oocto +75°C 8 Lead SOIC 

-4000 to +85OC 14 Lead Ceramic DIP 

-40"C to +8500 14 Lead Plastic DIP 

-4O"C to +85°C 8 Lead Ceramic DIP 

-4O"C to +8500 8 Lead Plastic DIP 

HA-2850 
(CDIP, PDIP, SOIC) 

TOP VIEW 

NOTE: (NC) No Connection pins may be tied to a ground plane for better isolation and heal dissipation. 

CAUTION: These devices are senshlve to electroatadc discharge. Users shoukllollow proper I.C. Handling Procedures. 
Copyright C Harris Corporation 1993 

File Number 2844.2 
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Specifications HA-2850 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals .................... 35V 
Differential Input Voltage ................................ 6V 
Junction Temperature .............................. +175°C 
Junction Temperature (Plastic Package) ••.•••••••...•• +15O"C 
Lead Temperature (Soldering 10 Sec.) ....••.•..•....•. +3OO"C 

Operating Conditions 
Operatlng Temperature Range 

HA-2850-5 ............................. O"C S T" S +750C 
HA-2850-9 ............................ -4O"C S T" S +85°C 

Recommended Supply Voltage Range .•....•.....•.. ±6V To ±15V 
Storage Temperature Range •...••••..••.•• -65OC S T" S + 15O"C 
Thermal Package Characteristics ("CIW) 8JA 8JC 

14 Lead Plastic DIP Package ••••..••• 107 38 
14 Lead Ceramic DIP Package •••. , .• • 71 14 
8 Lead Plastic DIP Package .......... 96 34 
8 Lead Ceramic DIP Package.. .. .. .. . 115 36 
8 Lead SOIC Package.. .. .. .. .. .. .. . 157 43 

CAUTION: Stresses abowo those listed In "Absolute Maximum Rat/ngs" may cause permananl damage to tha davies. This Is a stress only fBl/ng and op8fBlIon 
of /he devies allhese or any other condiUons abowo those indicated in tha opefBtional sections of this specification is nollmpRed. 

Electrical Specifications VSUPPLY = ±15V, RL = lkO, cL S 10pF, Unless Otherwise Specified. 

HA-2850-5, -9 

PARAMETER TEMPERATURE MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage (Note 13) +25°C - 0.6 2 mV 

Full - 2 6 mV 

Average Offset Voltage Drift Full - 20 - jl.VlOC 

Bias Current (Note 13) +25°C - 5 14.5 v.A 
Full - 8 20 v.A 

Offset Current +25OC - 1 4 v.A 
Full - - 8 v.A 

Input Resistance +25OC - 10 - kO 

Input Capacitance +25OC - 1 - pF 

Common Mode Range Full ±10 - - V 

Input Noise Voltage (f = 1 kHz, RSOURCE = on, Note 13) +25OC - 11 - nV/../Hz 

Input Noise Current (f = 1 kHz, RsouRcE = 10kO, Note 13) +25OC - 6 - pA/../Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25OC 20 25 - kVN 

Full 15 20 - kVN 

Common-Mode Rejection Ratio (Notes 4, 13) Full 75 80 - dB 

Minimum Stable Gain +25°C 10 - - VN 

Gain Bandwidth Product (Notes 5, II, 13) +25°C - 470 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 3, 13) Full ±10 ±11 - V 

Output Current (Notes 3, 13) Full ±10 ±20 - rnA 

Output Resistance +25OC - 30 - n 
Full Power Bandwidth (Notes 3, 7) +25OC 4.8 5.4 - MHz 

Differential Gain (Notes 2, 6) +25OC - 0.04 - % 

Differential Phase (Notes 2, 6) +25OC - 0.04 - Degrees 

Hermonic Distortion (Notes 6, 12, 13) +25°C - -74 - dBc 
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Specifications HA-2850 

Electrical Specifications VSUPPLY - ±15V, RL - 1kO, cL:!: 10pF, Unless Otherwise Specified. (Continued) 

HA-2850-S, -II 

PARAMETER TEMPERATURE MIN TYP MAX UNITS 

TRANSIENT RESPONSE (Note 8) 

Rise 11me +25"0 - 5 - ns 

Overshoot +25"0 - 25 - % 

Slew Rete (Notes 3, 10, 13) +25°C 300 340 - V/tJS 

Settling 11me: 10V Step to 0.1 % +25"0 - 200 - ns 

POWER REQUIREMENTS 

Supply Current (Note 13) Full - 7.5 8.0 rnA 

Power Supply Rejection Ratio (Notes 9, 13) Full 75 90 - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability 01 the circuit may be Impaired. Func
tional operability under any 01 thess conditions is not necessarily implied. 

2. Diffarentlal gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 

3. RL = 1kn, Va = ±10V, OV to ±10V lor slew rate. 

4. VCM =±10V. 

5. Vo=9OmV. 

6. Av = +10. Slew Rate 
7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = 2 V ; (VpEAK = 10V) • 

It PEAK 8. ReIer to Test Circuit section of data sheet. 

9. VSUPPLY = ±10VDC to ±20VDC. 

10. This parameter Is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

11. Av = +100. 
12. Va = 2Vp.p, I = 1MHz 

13. See "Typical Performance Curves" for more Inlormatlon. 
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Test Circuit 

LARGE SIGNAL RESPONSE 
Input = 1 VlOiv. 

Output = 5VlDlv. 
50ns/Div. 

y+ 

200n 

HA-2850 

TEST CIRCUIT 

IN_--II ...... >--. __ OUT 

900n 

100n 

SETTLING TIME TEST CIRCUIT 

• Ay=-10 

NOTE: 
Vs =±15V 
Ay = +10 
CL < 10pF 

SMALL SIGNAL RESPONSE 
Input = 1 OmVlOiv. 

Output = 100mV/Oiv. 
5Ons/Oiv. 

• Load Capacitance should be less than 10pF. 

• It is recommended that resistors be carbon composition and that 
INPUT - ..... "111..,.. .... -1 >-----<lr-.... --o OUTPUT feedback and summing network ratios be matched to 0.1%. 

soon 
y-

2kn 

SE~~~_~ ___ ~5~k~n~ ____ ~ 

• SETILING POINT (Summing Node) capacitance should be less 
than 10pF. For optimum settling time results. It is recommended 
that the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
Is recommended as a settle point monitor. 
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Die Characteristics 
DIE DIMENSIONS: 

65x52x19±1mils 
(1650 x 1310 x 48311m) 

METALUZATION: 
Type: Aluminum .. 1% Copper 
Thickness: 16kA ± 2kA 

GLASSIVATION: 
Type: Nitride over SilQx 
Silox Thickness: 12kA t 2kA 
Nitride thickness: 3.5kA ± 1 kA 

Metallization Mask Layout 

-tN 

+IN 

v-

HA-2850 

DIE ATTACH: 
Material: Epoxy-Plastic DIP and SOIC 

Gold Eutectic-Ceramic DIP 

WORST CASE CURRENT DENSITY: 
0.7 x 105/Vcm2 at 1.8mA 

SUBSTRATE POTENTIAL (POWERED UP): V

TRANSISTOR COUNT: 34 

PROCESS: High Frequency Bipolar Dielectric Isolation 

HA-2850 

v+ 

OUT 
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HA-2850 

Typical Performance Curves TA = +25°C, VSUPPLY = t15V, At. = 1k1l, CL < 1OpF, Unless Otherwise Specified 

100 

80 

80 

I OPEN LOOP 

"vet.- 1OOO ....... 
"vCL-100 

r-oo;: ...... 
II ~ 

"vCL-10 

/, "vet.. 1 000 
/ AvCL-100 

vV, Avet.- 1O 

I"""-o~ -~ -.... ....... 
OPEN LOOP .......... 

I I 

~~ 
is 

I 
w 

o ~ 
80 

180 

1K 10K 100K 1M 10M 100M 500M 
FREQUENCY (Hz) 

FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 

800 

..... r..... ~ 
S50 

....... 
I'-.. 

f' 

" " 300 

" 250 I' 
200 

-60 -40 -20 0 +20 +40 +50 +80 +100 +120 +140 

TEMPERATURE ("C) 

FIGURE 3. GAIN BANDWIDTH PRODUCT va TEMPERATURE 

110 

100 

80 

80 

70 

30 

20 

10 

o 
100 

11111111 
11111111 
tPSRR r-. 

1K 10K 100K 

FREQUENCY (Hz) 

F~URE5.PSRRv8FREQUENCY 

ro-

l-

I--
l-

I-

~ 

I-

'- itlIII1 
111111 

1M 10M 

475 

~ 
,....,-

,....,-~ 
~ 

/ 
", 

j/ 
V 

I 
40 0 

5 8 7 8 II 10 11 12 13 14 15 

SUPPLY VOLTAGE (tV) 
FIGURE 2. GAIN BANDWIDTH PRODUCT va SUPPLY VOLTAGE 

tlO 

80 I-

70 

I-

I-

40 I-

30 I-

'-20 
100 

80 

~ 
,~ 

1\/ 

10 

o 

10 

" 
~~ 
-

-

1K 10K 100K 

FREQUENCY (Hz) 

FIGURE 4. CMRR va FREQUENCY 

NOISE CURRENT 
I .11 ••••• 

/ NOISE VOLTAGE 

"'r--r-... ..... -
100 1K 10K 

FREQUENCY (Hz) 

-

1\ 

1M 

FIGURE 6. INPUT NOISE va FREQUENCY 

10M 

80 

o 

100K 

2-431 



HA-2850 

Typical Performance Curves TA = +2SOC, VSUPPlY = ±15V, RL = 1kQ, CL < 10pF, Unless Otherwise Specified (Contlnuecl) 
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HA-2850 

Typical Performance Curves TA = +25°C, VSUPPlY = ±15V, RL = 11<0, CL < 10pF, Unless Otherwise Specified (Continued) 
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Features 
• Slew Rate •••••••••••••••••••••••••••••• • 1.6V/I18 

• Bandwidth ••••••••••••••••••••••••••••••• 3.5MHz 

• Input Voltage Noise •••••••••••••••••••••• 9nvNiii 
• Input Offset Voltage •••••••••••••••••••••••• O.SmV 

• Input Bias Current •••••••••••••••••••••••••• 60nA 

• Supply Range .......................... ±2V to ±2OV 

• No Crossover Distortion 

• Standard Quad Pinout 

Applications 

• Universal Active Rlters 

• D3 Communications Rlters 

• Audio Amplifiers 

• Battery-Powered Equipment 

Ordering Information 
PARr TEMPERATURE 

NUMBER RANGE 

HAI-4741-2 -55"0 to + 125°C 

HAI-4741-5 O"C to +75"0 

HA3-4741-5 ooC to +75"0 

HMP4741-5 ooC to +75"0 

HA9P4741-5 O"C to +75"0 

HA9P4741-9 -4OOC to +85"0 

Pinouts 
HA-4741 

(pDIP, CDIP) 
TOP VIEW 

PACKAGE 

14 Lead Ceramic DIP 

14 Lead Ceramic DIP 

14 Lead Plastic DIP 

20LeadPLCC 

16 Lead WIde Body SOIC 

16 Lead Wide Body SOlO 

HA-4741 
(300 mil SOIC) 

TOP VIEW 

HA-4741 
Quad Operational Amplifier 

Description 
HA-4741, which contains four amplifiers on a monolithic 
chip, provides a new measure of performance for general 
purpose operational amplifiers. Each amplifier in the HA-
4741 has operating specifications that equal or exceed those 
of the 741-type amplifier in all categories of performance. 

HA-4741 is well suited to applications requiring accurate sig
nal processing by virtue of its low values of Input offset volt
age (O.SmV), input bias current (60nA) and Input voltage 
noise (9nVNHz at 1kHz). 3.SMHz bandwidth, coupled with 
high open-loop gain, allow the HA-4741 to be used in 
designs requiring amplifICation of wide band signals, such as 
audio amplifiers. Audio application is further enhanced by 
the HA-4741's negligible output crossover distortion. 

These excellent dynamic characteristics also make the HA-
4741 ideal for a wide range of active filter designs. Perfor
mance integrity of multi-channel designs is assured by a 
high level of amplifier -to-amplifier Isolation (69dB at 10kHz). 

A wide range of supply voltages (±2V to ±20V) can be used 
to power the HA-4741, making it compatible with almost any 
system including battery-powered equipment. 

HA-47411883 product and data sheets available upon 
request. 

HA-4741 
(PLCC) 

TOP VIEW 

S ~ 
OUT1 

.aN1 

,......--4111 OUT4 
~ 0 is. 
3 2 

.aN4 

+IN2 +IN3 

-IN2 .aN3 

OUT2 L.L.J-- '---M.] 0UT3 

NC NC 

CAUTION: These davices are sensiliw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Hsrrls Corporation 1993 

File Number 2922.1 
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Specifications HA-4741 

Absolute Maximum Ratings (Note 13) 

TA = +25"0 Unless Otherwise Stated 
Supply Voltage Between V+ and V- Terminals •••••..•....• 4O.0V 
Differential Input Voltage •••...••••••.••...•••••••.••.• 3O.0V 
Input Voltage (Nota 1) •.•.•..••.....•.....•••.......•••• ±15.0V 
Output Short Circuit Duration (Note 2) ...••••.••..•••• Indefinite 
Junction Temperatura (Note 3) ...••••.•••..••....•..• +175°C 
Junction Temperature (Plastic Package) ••.••......•.•• +1SOOC 
Lead Temperature (Soldering 10 Sec.) ................• +3oooC 

Operating Conditions 
Operating Temperature Range: 

HA-4741-2 ..••..•....•••.••.•••.•.•• • -55"0 STA S +125"0 
HA-4741-5 ••.•.......•••...•••••••••••• O"C S TA S +75"0 
HA-4741-9 ••••...•••••••...•••••..•••• -4O"C S TA S +85oe 

Storage Temperature Range ••..•••.•..•••• _65°C S TA S + 15O"C 
Thermal Package Characteristics ("CIW) 8JA 8JC 

Ceramic DIP Package. . . • • . • . • . . • . • . 71 13 
Plastic DIP Package •••.•••••••.•.•• 107 38 
sOle..................... •••.•.. 96 26 
PLCC..................... ••.•... 74 33 

CAUTION: Stresses above those listed In -Absolute Maximum Ratings" may cause pelmanent damage to the davice. This is a stress only rating and operation 
of the device at these or any other cond/Uons above those indicated in the operational sections of this specification Is not impHed. 

Electrical Specifications V+ = +15V, V- = -15V, Unless Otherwise Specified. 

(NOTE 14) 
HA-4741-2 LIMITS HA-4741-5 LIMITS HA-4741-9 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MAX UNITS 

INPUT CHARACTERISnCS 

Offset Voltage +25°C - 0.5 3 - 1 5 5 mV 

Full - 4 5 - 4 6.5 8.5 mV 

Average Offset Voltage DrifI Full - 5 - - 5 - j,lVf'C 

Bias Current +25°C - 60 200 - 60 300 300 nA 

Full - - 325 - - 400 400 nA 

Offset Current +25°C - 15 30 - 30 50 50 nA 

Full - - 75 - - 100 100 nA 

Common Mode Range Full ±12 - - ±12 - - - V 

Diflerentiallnput Resistance +25°C - 0.5 - - 0.5 - - Me 

Input Voltage Noise +25oe - 9 - - 9 - - nVIVHz 
(f= 1kHz) 

TRANSFER CHARACTERISnCS 

Large Signal Voltage Gain +25oe 50 100 - 25 50 - - kVN 
(Note 4) 

Full 25 - - 15 - - - kVN 

Common Mode Rejection +2SOe 80 95 - 80 95 - - dB 
Ratio 

Full 74 74 dB - - - - -
Channel Separation (Note 5) +25OC 66 69 - 66 69 - - dB 

Smail Signal Bandwidlh +25°e 2.5 3.5 - 2.5 3.5 - MHz 

OUTPUT CHARACTERlsnCS 

OUtput Voltage Swing Full ±12 ±13.7 - ±12 ±13.7 - - V 
(RL= 10k0) 

OUtput Voltage Swing Full ±10 ±12.5 - ±10 ±12.5 - - V 
(RL=2kn) 

Full Power Bandwidlh +25OC 14 25 - 14 25 - kHz 
(Notes 4, 9) 

OUtput Current (Note 6) Full ±5 ±15 - ±5 ±15 - - rnA 

OUtput Resistance +25°C - 300 - - 300 - - n 
TRANSIENT RESPONSE (Notes 7, 10) 

Rise nme (Note 11) +2SOC - 75 140 - 75 140 140 ns 

Overshoot (Note11) +2SOe - 25 40 - 25 40 40 % 

Slew Rate (Note 12) +2SOC - ±1.6 - - ±1.6 - - V/IJS 
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Specifications HA-4741 

Electrical Specifications v+ = +lSV, v- = -lSV, Unless Otherwise Specified. (Continued) 

(NOTE 14) 
HA-4741-2 LIMITS HA-4741-5 LIMITS HA-4741-9 

PARAMETER TEMP MIN TYP MAX MIN TVP MAX MAX UNITS 

POWER SUPPLY CHARACTERISTICS 

SUpply Current +25"0 - 4.5 5 - 5 7 7 rnA 

Power Supply Rejection Full 80 95 - 80 95 - - dB 
Ratio (Note 8) 

NOTES: 

1. For supply voltages less than ±15V, the absolute maximum Input voltage Is equal to the supply voltage. 

2. One amplifier may be shorted to ground Indefinitely. 

3. Maximum power dlsslpatlon,lncludlng output load, must be designed to maintain Junction tamperature below + 175°C for the ceramlc pack-
age, and below + l5O"C lor the plastic packages. 

4. VOUT = ±10V, RL = 2110. 
5. Referred to Input; I = 10kHz, Rs = 1 K, VIN = l00mVPEAK• 

6. VOUT = ±10V. 
7. See Pulse Response Charactarlstlcs. 

8. AV=±5V. 

9. Full power bandwidth guaranteed based upon slew rate measurement FPBW = S.R.I2x VPEAK. 

10. RL = 2110, CL = 50pF. 

11. VOUT = ±200mV. 

12. VOUT = ±SV. 
13. Absolute maximum ratings are'llmltlng values, applied IndMduaily beyond which the serviceability 01 the circuit may be Impaired. Func

tional operability under any 01 these conditions Is not necessarily implied. 

14. Typical and Minimum specifications lor the -9 version are the same as those lor the -5 version. 

Schematic Diagram 

~--~------~--------~~----~--~--OV+ 
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HA-4741 

Typical Performance Curves v+ = +15V, V- = -15V, TA = +250C, Unless Otherwise Specified 
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HA-4741 

Typical Performance Curves v+ = +15V, V· = -15V, TA = +25OC, Unless Otherwise Specilled (Continued) 
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HA-4741 

Pulse Response 
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Features 
• Voltage Gain. • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 0.995 

• High Input Impedance ••••••••••••••••••••• 3000kO 

• Low Output Impedance •••••••••••••••••••••••• 3n 

~ Very High Slew Raie •••••••••••••••••••• 1300VlJ.lS 

• Vary Wide Bandwidth •••••••••••••••••••• 110MHz 

• High Output Current .........•.............. ±200mA 

• Pulsed Output Current •••••••••••••••••••• 400mA 

• Monolithic Construction 

Applications 

• Line Driver 

• Data Acquisition 

• 110MHz Buffer 

• High Power Current Booster 

• High Powe, Current Source 

• Sample and Holds 

• Radar Cable Driver 

• Video Products 

Pinouts 

HA-5002 
Monolithic, Wideband, High Slew Rate, 

High Output Current Buffer 

Description 
The HA·5002 is a monolithic. wideband. high slew rate, high 
oulput current. buffer amplifier. 

Utilizing the advantages of the Harris 0.1. technologies, the 
HA·5002 current buffer offers 1300VlIJ.S slew rate with 
110MHz of bandwidth. The ±200mA ouipi.ll current capabiiity 
is enhanced by a 3n output impedance. 

The monolithic HA-5002 will replace the hybrid LHOOO2 with 
corresponding performance increases. These characteristics 
range from the 3000kO input impedance to the increased 
output voltage swing. Monolithic design technologies have 
allowed a more precise buffer to be developed with more 
than an order of magnitude smaller gain error. 

The HA-5002 will provide many present hybrid users with a 
higher degree of reliability and at the same time increase 
overall circuit performance. 

For the military grade product. refer to the HA-5002l883 
datasheet. 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

HA2-5002-2 -55°C to +12500 8 Pin Can 

HA2-5002-5 OOC to +75°C 8 Pin Can 

HA3-5002-5 OOC to +7500 8 lead Plastic DIP 

HA4P5002-5 00Clo+75oo 20 lead PlCC 

HA7-5002-2 -55°C 10 +12500 8 lead Ceramic DIP 

HA7-5002-5 00010+75°0 8 lead Oeramlc DIP 

HA9P5002-5 OOC to +75°C 8 lead SOIC 

HA9P5002-9 -40"C to +85°0 8 lead SOlO 

HA-5002 
(PDIP, CDIP, SOIC) 

TOP VIEW 

HA-5002 
(PLCC) 

TOP VIEW 

HA-5002 
(TO·ggCAN) 
TOP VIEW 

IN 
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Specifications HA-5002 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals ..••••.•.•....•.•..• 44V 

Operating Conditions 
Operating Temperature Range 

Input Voltage ••.•.......•...•..•...••........•.. V1+ to V1-

Output Current (Continuous) •..............••.•..•..... ±2oomA 
Output Current (50ms On, 1 s Off) •.•.••..••••.•.••••...• t400mA 
Internal Power Dissipation (Note 2) 

HA-S002-2 .•.••...•..•.•.•......•••.. -ssoc:s TA:S +12SOC 
HA-SOO2-S ...•.•••.••••.•••.••••.••.•.• ooC:s TA :S +7SOC 
HA-SOO2-9 .•.••...•.••...•.•..•..••••. -400C :S TA :S +85°C 

Storage Temperature Range •.•••......•.•. -65°C:s TA:s +15OOC 
TO-99 (+25°C) ••••.••••.•••••••••••..••.•••••.•• 1.39W 
Ceramic DIP (+2500) .•.•..•••..••......•.•.••••.• 1.32W 
Plastic DIP (+25°C) ..•.•.•.•........••........•... 1.36W 
SOIC (+250C) .......•.•.•.....••.....•......•..• O.SOW 
PLCC (+2500) ........•.........•.....•......•..• 1.69W 

Maximum Junction Temperature •...............••...• +175°C 
Maximum Junction Temperature (Note 2) 

Plastic Packages. . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . + 1500C 
Lead Temperature (Soldering 10 Sec.) ............•.... +3OO"C 

CAUTION: stresses abo .... those listed in "Absolute Maximum Ratings" may cause permanent damage 10 the device. This is a slrrJss only taling and operation 
of the dellice at these or any other conditions abOV/l those indicated in the opetationeJ seclione of this specification Is not impUed. 

Electrical Specifications VSUPPLY = t12V to t15V, Rs = 500, RL = 1 kn, CL = lOpF, Unless Otherwise Specified. 

I HA-5002-2 HA-5002-5, -9 I 
PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage +25OC - 5 20 - 5 20 mV 

Full - 10 30 - 10 30 mV 

Average Offset Voltage Drift Full - 30 - - 30 - "Vf'C 

Bias Current +25OC - 2 7 - 2 7 IIA 
Full - 3.4 10 - 2.4 10 IIA 

Input Resistance Full 1.S 3 - 1.5 3 - Mn 

Input Noise Voltage (1 OHz-l MHz) +25°C - 4 - - 4 - "Vp.p 

TRANSFER CHARACTERISTICS 

Voltage Gain (Note 7) RL=SOn +25OC - 0.900 - - 0.900 - VN 

RL = lOon +25°C - 0.971 - - 0.971 - VN 

RL = lkn +25°C - 0.995 - - 0.995 - VN 

RL=lkn Full 0.980 - - 0.980 - - VN 

-adB Bandwidth (Note 4) +25°C - 110 - - 110 - MHz 

AC Current Gain +25°C - 40 - - 40 - AlmA 

OUTPUT CHARACTERISTlCS 

Output Voltage Swing RL = lOOn +25OC tl0 tl0.7 - tl0 tll.2 - V 

RL = 1 kn (Note 3) Full tl0 t13.5 - tl0 t13.9 - V 

RL = 1 kn (Note 5) Full tl0 tl0.5 - tl0 tl0.5 - V 

Output Current (Note 10) +25°C - 220 - - 220 - mA 

Output Resistance Full - 3 10 - 3 10 n 

Harmonic Distortion (Note 6) +25°C - <0.005 - - <0.005 - % 

TRANSIENT RESPONSE 

Full Power Bandwidth (Note 8) +25°C - 41 - - 41 - MHz 

Rise Time +25°C - 3.6 - - 3.6 - ns 

Propagation Delay +25OC - 2 - - 2 - ns 

Overshoot +25°C - 30 - - 30 - % 

Slew Rate +25°C 1.0 1.3 - 1.0 1.3 - Vlns 

Settling Time to 0.1% +25OC - 50 - - 50 - ns 
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Specifications HA-5002 

Electrical Specifications VSUPPLY = ±12V to ±15V, As = sao. RL = 11<0, cL .. 1OpF, Unless Otherwise Specified. (Continued) 

HA-5002-2 HA-5002-5, -9 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

Differential Gain 1 1\ = soon +25°C - 0.06 - - 0.06 - % 

Differential Phase 1 1\= soon +25OC - 0.22 - - 0.22 - Degrees 

POWER REQUIREMENTS 

Supply Current +2500 - 8.3 - - ,8.3 - rnA 

Full - - 10 - - 10 rnA 

Power Supply Rejection Ratio (Note 9) Full 54 64 - 54 64 - dB 

NOTES: 

1. Absolute maximum ratings ara Umitlng values, applied individually beyond which the service$ility 01 the circuit may be Impaired. Func
tional operability under any 01 these conditions is not necessarily Implied. 

2. See thermal constants data In Die Characteristics section. MaxImum power dlsslpation,lncluding load conditions, must be designed to main-
tain the maximum junction te~re below +17500 for the ceramic and can packages, and below +1!iO"C for the plastic packages. 

3. VSUPPLY " ±15V 

4. VIN = tvp.p 
5. VSUPPLY = ±12V 

6. VIN = tvRMS; 1 = 10kHz. 
7. Vour = ±10V 

SlewRate V 
8. FPBW = ; P = 5V 

2ltVp 

9. INSUPPLy = 10V 

10. VIN '" ±10V,1\ = 400. 

Schematic Diagram 

Yz+ 

+----+--o OUT 

Q1S 
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HA-5002 

Die Characteristics 
Transistor Count ....•........................•.. 27 
Die Dimensions •..•.•.•.........••.. 80 x 81 x 19 mils 

(203O!1m x 20501J.1T1 x 4801J.ITI) 

Substrate Potential* •............................ V1-

Process .....•.......•.........•..••.••.. Bipolar-Dr 

Thermal Constants fCIW) 
HA7-5002 (Ceramic Mini DIP) ...•.. 
HA3-5002 (Plastic DIP) •......•... 
HA2-5002 (Metal Can) ....•...•.. 
HA4P5002 (PLCC) .•.•...•...•.. 
HA9P5002 (SOl C) ...........••.. 

* The substrate may be left Hoaling (Insulating Die Mount) or it may be mounted on a conductor at V- potential. 

Test Circuits 

+12V 

Vz+ 

RII 

FIGURE 1. COAXIAL CABLE DRIVER - son SYSTEM 

IN-"'I."~~- >--_-OUT 

FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE 

2-443 

9JA 
114 
92 
108 
74 
157 

9JC 
34 
30 
33 
33 
42 

Ci!U) 
zll: ow 
ti§ 
11:11. 
W:::E 
~o( 



Test Circuits (Continued) 

SMALL SIGNAL WAVEFORMS 
Rs = 500, RL -1000 

LARGE SIGNAL WAVEFORMS 
RS =SOo,RL=1kn 

Typical Performance Curves 
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HA-5002 

Typical Performance Curves (Continued) 
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HA-S002 

Typical Performance Curves (Continued) 

10 
lour,"OmA I I I 

t 12S"C +2S"C 

I 
~ ~oc 

If """ 
rl 

o 
j/ 

o 2 4 8 8 10 12 14 18 1. 

SUPPLY VOLTAGE (±V) 

FIGURE 11. SUPPLY CURRENT VS SUPPLY VOLTAGE 

i 
~ 
tc 
~ 

~ 
~ 
::I 

J 

23 
22 
21 
20 
18 
1. 
17 
18 
15 
14 
13 
12 
11 
10 
8 

• 

""""-
""""-........ 
........ 

RLOAD·1000 

........ 

" ......... '-..... '" '" TA·+25"C """"-
'" '" TA=+12S"C, '" '" 

TA·'-°C '" ..... '" '"'" ...... '-
......... """"-

"""""I 

71& 12 • 
SUPPLY VOLTAGE (±V) 

1500 

1400 

i 1300 
~ 
~ 1200 
II: 

; 1100 

1000 

800 

FIGURE 13. Vour MAXIMUM VS VSUPPLY 

---V 
,,-

./ 
V 

/ 
~ 

V 

5 

8 • 10 12 14 1& 1. 
SUPPLY VOLTAGE (±V) 

FIGURE 15. SLEW RATEvs SUPPLY VOLTAGE 

2-446 

Vcc·±15V 

100K -

10 

1 
100K 

.... ~ 
liN 

........ .... ~ 
........ 

.... 1"0 

..... i-' 
louT "" I 

1M 10M 100M 
FREQUENCY (Hz) 

FIGURE 12. INPUT/OUTPUT IMPEDANCE vs FREQUENCY 

80 

70 

" .0 

I 
50 

" 
1\ 

II: 40 

Ie 30 

20 

10 

o 
10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 14. PSRR vs FREQUENCY 

150 

100 

r..... V •• ±15V 

r-...... TA=25"C 

...... 
,RL.1oo 

..... 
>" 50 
.§. 

I 0 . 
J -50 

-100 

-~ =:::: ~ ~ RL·1K 

'\ ~ ~ t-- r-. 

'" ~~L.'oo··· ~ 
-150 

-10 -8 -8 ... -2 0 2 4 II • 10 
INPUT VOLTAGE (VOLTS) 

FIGURE 16. GAIN ERROR vslNPUT VOLTAGE 



HA-5002 

Operating Instructions 

Layout Considerations 

The wide bandwidth of the HA-5002 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 

Probably the most crucial of the RFMdeo layout rules is the 
use of a ground plane. A ground plane provides isolation and 
minimizes distributed circuit capacitance and inductance 
which will degrade high frequency performance. 

Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 

Power Supply Decoupllng 

For optimal device performance. it is recommended that the 
positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1J.lF will minimize high frequency variations in 
supply voltage. while low frequency bypassing requires 
larger valued capacitors since the impedance of the capaci· 
tor is dependent on frequency. 

It is also recommended that the bypass capacitors be connected 
close to the HA-5002 (preferably directly to the supply pins). 

Typical Applications 

Operation at Reduced Supply Lavels 

The HA·5002 can operate at supply voltage levels as low as 
±5V and lower. Output swing is directly affected as well as 
slight reductions in slew rate and bandwidth. 

1.' 
1.' 

!: z 1.4 
o 
51.2 
! 15 1.0 
a: 

~ 0.' 
a. 
j 0.6 

~ 0.4 
::IE 

0.2 

45 as as 16 1~ 

AMBIENT TEMPERATURE ("C) 

Short Circuit Protection 

The output current can be limited by using the following circuit: 

R = v+ = ~~v_. __ 
LIM IOUTMAX IOUTMAX 

v.. 1outuAx. 200mA (CON11NUOUS) 

IN >-_OUT 

Capacitive loading 

The HA·5002 will drive large capacitive loads without oscilla· 
tion but peak current limits should not be exceeded. follow
ing the formula I = Cdv/dt implies that the slew rate or the 
capacitive load must be controlled to keep peak current 
below the maximum or use the current limiting approach as 
shown. The HA·5002 can become unstable with small 
capacitive loads (50pF) if certain precautions are not taken. 
Stability is enhanced by anyone of the following: a source 
resistance in series with the input of 50D to 1 kD; increasing 
capacitive load to 150pF or greater; decreasing CLOAD to 
20pF or less; adding an output resistor of 10D to 50D; or 
adding feedback capacitance of 50pF or greater. Adding 
source resistance generally yields the best results. 

TJMAX-TA 
POMAX = -----------

0JC + DCS + DSA 

Where: T jmax = Maximum Junction Temperature 01 the Devk:e 

T/<= Ambient 
DJC = Junction 10 Case Thermal Resistance 

Des = Case to Heat Sink Thermal Resistance 
DBA = Heat Sink to Ambient Thermal Resistance 

TJMAX-TA 
Graph is based on: P OMAX = 0 JA 

FIGURE 17. FREE AIR POWER DISSIPATION 

2·447 



March 1993 

Features 

• Slew Rate ••••••••••••••••••••••••••••• 1200V/118 

• Output Current ......•...............•..•....... ±100mA 

• Drives ................................... ±9V Into 100c 

• VSUPPLy· .. · ........ · ........ · .. · .......... ··±5Vto±18V 

• Thermal Overload Protection and Output Flag 

• Bandwidth Nearly Independent cif Gain 

• Output EnableIDlsable 

Applications 

• Unity Gain VldeolWldeband Buffer 

• Video Gain Block 

• High Speed Peak Detector 

• Fiber Optic Transmitters 

• Zero Insertion Loss Transmission Line Drivers 

• Current to VoHage Converter 

• Radar Systems 

Ordering Information 
PART NUMBER TEMP. RANGE 

HA1-S004-5 

HA1-S004-9 

HA3-S004-S 
HA9P5004-S 

Pinout 

-40OC to +8SoC 
-4O"C to +8SoC 

O"C to +7SOC 
O"C to +7SoC 

HA-5004 
(PDIP, CDIP, SOIC) 

TOP VIEW 

PACKAGE 

14 Lead Ceramic DIP 
14 Lead Ceramic DIP 

14 Lead Plastic DIP 
14 Lead SOIC 

HA-5004 
1 OOMHz. Current Feedback Amplifier 

Description 

The HA-S004 current feedback amplifier is a videO/Wideband 
amplifier optimized for low gain applications. The design is 
based on current-mode feedback which allows the amplifier 
to achieve higher closed loop bandwidth than voltage-mode 
feedback operational amplifiers. Since feedback is 
employed, the HA-SOO4 can offer better gain accuracy and 
lower distortion than open loop buffers. Unlike conventional 
op amps, the bandwidth and rise time of the HA-5004 are 
nearly independent of closed loop gain. The 100MHz band
width at unity gain reduces to only 6SMHz at a gain of 10. 
The HA-S004 may be used in place of a conventional op 
amp with a significant improvement in speed power product. 

Several features have been designed in for added value. A 
thermal overload feature protects the part against excessive 
junction temperature by shutting down the output. If this fea
ture is not needed, it can be inhibited via a TTL input (TOI). 
A TTL chip enable/disable (OE) is also provided; when the 
chip is disabled its output is high impedance. Finally, an 
open collector output flag (TOL) is provided to indicate the 
status of the Chip. The status flag goes low to Indicate when 
the chip is disabled due to either the internal Thermal Over
load shutdown or the external disable. 

In order to maximize bandwidth and output drive capacity, 
internal current limiting is not provided. However, current lim
iting may be applied via the Vc+ and Vo- pins which provide 
power separately to the output stage. 

For Military grade product refer to the HA-5004lB83 data 
sheet. 

INPUTS TEMP TOLOUTPUT 

Vc. 

OUT 

+BAL 

-BAL 

Vcc 

TOI 

Oe 

+IN 

'i'OL 
GND 

NIC 

OE TOI 

0 0 

0 0 

0 1 

1 X 

" > 18O"C 'TYPical 

(OPEN 
TJ COLLECTOR) 

Normal 1 

High" 0 

X 1 

X 0 

CAUTION: These dill/ices are sansHiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 

Copyright@Harris Corporation 1993 
2-448 

OPERATION 

Normal 

Auto Shutdown, Hi-Z OUT 

Normal 

Manual Shutdown, Hi-Z OUT 
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Specifications HA-5004 

Absolute Maximum Ratings (Note 1) 

Supply Voltage (Between V+ and V- Terminals) ••••••••••••• 40V 
Differential Input Voltage •••••••••••••••••••••••••••••••• 5V 
DC Input Voltage •••••••••••••••••••••••••••••••••••• ±V SUPPLY 
Output Current ••••••••••••••••• ±120mA Max (~5% Duty Cycle) 
Junction Temperature (Note 10) • • • • • • • • • • • • • • • • • • • • • • + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-5004-9 ••••••••••••••••••••.••••••• -4O"C S; TA S; +85°C 
HA-5004-5 ••••••••••••••••••••••••••••• OOC S; TA S; +75°C 

Storage Temperature Range ••••••••••••••• -6500 S; TA S; + 15O"C 

CAUTION: stresses abowl IhosB listed In "Abso/ul6 Maximum RaUngs" may cause permenelll damage to the davice. This Is 8 stress only /Bting and operation 
of the device at these or any other conditions abo"" those indicated In the operationsJ sections of this specification is not implied. 

Electrical Specifications vcc = vc+= +15V, VEE = Vc- =-15V, Rs = 5on. RL = 1000, /ivv= +1, RF = 2500, OE = 0.8V, TOI = 0.8V 
or 2.0V. Unless Otherwise Specified 

HA-5004-5. -9 UMITS 

PARAMETER TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25OC - 1 5 mV 

Full - - 20 mV 

Average Offset Voltage Drift Full - 10 - J1V1oo 

Bias Current (+Input Only) (Note 2) +2500 - 2 5 I1A 
Full - - 20 I1A 

Input Resistance (-Input) +2500 - 6.5 - 0 

Input Resistance (+Input) +25°C - 3 - MO 

Input Capacitance +25°C - 3 - pF 

Common Mode Range Full ±10 - - V 

DISTORTION AND NOISE 

Total Hannonlc Distortion 2Vp•p• 200kHz /ivvCL = +1 +25°C - -72 - dec 

PvvcL=+2 +2500 - -70 - dBc 

/ivvcL=+5 +2500 - -68 - dec 

Input Noise Voltage 10Hz to 1MHz +25OC - 15 - J1Vp-p 

Input Noise Voltage Density (Note 3) fo = 10kHz +2500 - 2.2 - nVNHz 

fo = 100kHz +25OC - 2.2 - nVNHz 

Input Noise Current Density (Note 3) fo = 10kHz +25°C - 6 - pANHz 

fo = 100kHz +2500 - 4 - PANHz 

DIGITAL VO CHARACTERISTICS 

Logic Inpuls (OE and TO) VIH Full 2.0 - - V 

VIL Full - - 0.8 V 

IIH at VI = 2.4V Full - - 1 I1A 
IIH at VI = 0.4V Full - - 10 I1A 

logic Output (TOL) (Open Collector) VOL at 80011A Full - 0.05 0.4 V 
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Specifications HA-5004 

ElectrIcal Specifications Vee = Vc. .. +15V, VEE" Vc- =-15V, Rs = 500, F\ = 1000, Av = +1, ~,.2500, OE =O.BV, TOI =0.8V 
or 2.0V, Unless Otherwise Specified (Continued) 

HA-5004-5. -e UMITS 

PARAMETER TEMP MIN TYP MAX UNITS 

TRANSFER CHARACTERISTICS 

DC Gain Error (Nota 4) Small Signal +2SOC - 0.25 0.43 % 
(±l00mV) 

Full 0.25 0.75 % -
Large Signal +25OC - 0.25 0.43 % 
(±10V) 

Full 0.25 0.75 % (RL = lK) -
DC Voltage GaIn (SmaD and Large Signal) +25OC 233 400 - VN 

Full 133 400 - VN 

DC 11'ansimpedance (Nota 5) +2SOC - 100 - VirnA 

Full 33 100 - VIrnA 

~B Bandwld1h Av = +1 (Nota 6) +25OC - 100 - MHz 

Gain Ralness DCto5MHz +25OC - 0.03 - dB 

DC to 10MHz +25OC - 0.05 - dB 

Differential Gain (Notes 6, 7, 8) 3.58MHz AvCL= +1 +25OC - 0.035 - % 

AvCL=+2 +25OC - 0.058 - % 

Differential Gain (Notes 6, 7, 8) 4.43MHz AvcL = +1 +25OC - 0.035 - % 

AvcL=+2 +25OC - 0.058 - % 

Differential Phase (Notes 6, 7) 3.58MHz AvcL = +1 +25OC - 0.15 - Degrees 

AvCL=+2 +25OC - 0.23 - Degrees 

Differential Phase (Notes 6, 7) 4.43MHz AvCL = +1 +25OC - 0.17 - Degrees 

AvCL=+2 +25OC - 0.24 - Degrees 

Common Mode Rejection Retio (Nota 9) Full - 58 - dB 

Minimum Stable Gain Full 1 - - VN 

OUTPUT CHARACTERISTICS 

Output Voltage SWIng F\=l00n +25OC ±9.0 ±9.5 - V 

F\= lkn +25OC ±11.5 ±11.8 - V 

F\=100n Full ±8.0 ±9.5 - V 

F\= lkn Full ±10.5 ±11.8 - V 

Full Power Bandwidlh (Ay =+1) (VOUT = 4Vp.p) +25OC - 50 - MHz 

Output Resistance, Open loop +25OC - 5 - n 

Output Current +25OC ±eO ±100 - rnA 

Full ±80 ±100 - rnA 

Output Enable Tme (Hi Z to ±2V) Full - 100 - ns 

Output Disable Time (±2V to HI Z) Full - 3 - lIS 

Output Leakage (DIsabled) Full - - 1 JIA 
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Specifications HA-5004 

Electrical Specifications vee = Vc.. = +15V, VEE = Vc. = -15V, Rs = 500, At = 1000. Ay= +1, RF =25on. ~ = O.av, TOI =0.8V 
or 2.0V, Unless Otherwise Specified (Continued) 

HA-5004-5, ·9 UMITS 

PARAMETER TEMP MIN TYP MAX UNITS 

TRANSIENT RESPONSE 

Rise Tlme/FaIf TIme (2OOmV Step) +2SOC · 6.3 · ns 

Propagation Delay (1OV Step) +25"0 · 7 · ns 

Slew Rate (1OV Step) +25"0 · 1200 · VlJIS 

SetHing TIme (0.1%, 10V Step) +25OC · 50 · ns 

OIIershoot +25OC · 10 · 0/0 

POWER SUPPLY CHARACTERISTICS 

Supply Current (Enabled) +25"0 · 12 16 rnA 

Full · . 22 rnA 

(Disabled) +25"0 · 7 · rnA 

Power Supply Rejection Ratio Full 50 60 - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied indMdually, beyond which the serviceability of the circuit may be imparied. Func
tional operation under any of these conditions Is not necessarily Implied. 

2. The Inverting Input is a low impedance point; Bias Current and Offset Current, are not specified for this terminal. 

3. See typical performance curves. 
1 

4. Gain Error = DC Voltage Gain x 1000/0 

RF 
5. DC Transimpedance = Gain Error' RF = 250 n 
6. VIN = 3OOmVp-p 

7. VOFFSET = 1.0V 
8. Differential Gain (dB) = 0.0869 Differential Gain (%) 

9. VCM =±10V 

10. Maximum power dissipation, Including load condition, must be designed to maintain the junction temperature below + 175°C for the 
ceramic DIP, and below +15O"C for the plastic packages. See Thermal Resistances In the "Die Characteristics· section. 
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HA-S004 

Die Characteristics 
Transistor Count. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 64 
Die Dimensions ••••••••••••••••••••••••••• 93 x 63 x 19mils 

(2370 x 1600 x 480l'm) 
Substrate Potential •.••••••••••••••••••••••••••••••••• VEE 
Process •••••••••••••••••••••••••••••••••••••••• Blpolar 01 

Thermal Constants (OCIW) 
Ceramic DIP •••••••••••••.•••••••• 
Plastic DIP •••••••••••••••••••••.•• 
sOle ........................... . 

9JA 
71 
107 
118 

9Jc 
14 
38 
38 

Typical Performance Curves VSUPPLY = ±15V, TA = +25OC, Unless Otherwise Specified. 
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FIGURE 1. GAIN AND PHASE V8 FREQUENCY 
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FIGURE 3. FREQUENCY RESPONSE V8 CL 

Vee = ±15V, Ay =+2, RL = 11<0, Input = 10mV 
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FIGURE 2. FREQUENCY RESPONSE V8 SUPPLY VOLTAGE 
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FIGURE 4. MAXIMUM UNDISTORTED SINEWAVE OUTPUT VI 
FREQUENCY 

Vee = ±15V, Ay = +1, Sinewave Input 



HA-5004 

Typical Performance Curves VSUPPLY" ±15V, TA = +25"0, Unless Otherwise Specified. (Continued) 
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FIGURE 5. CLOSED LOOP OUTPUT IMPEDANCE V8 

FREQUENCY 

8 

7 

& 

~: .s. 
z 
• 3 

2 

o 
10 

"', 
~ 

100 1K 10K 
. FREQUENCY (Hz) 

FIGURE 7. NOISE VOLTAGE V8 FREQUENCY 

Vcc =±15V 

10M 

100K 

20 

1& 
~ 
!. ... z 12 w 

v 
/ 

a: 
a: 
::) 
u 
~ 8 
Do 
Do 
::) 
I/) 

4 

o 
o 2 4 & 8 10 12 14 1& 18 

SUPPLY VOLTAGE (±V) 

FIGURE 6. SUPPLY CURRENT V8 SUPPLY VOLTAGE 

5& 

50 

4& 

40 

~ 

~: 
S:25 
~2O 

15 

10 

5 

o 
10 

, 
~ 

100 1K 10K 
FREQUENCY (Hz) 

FIGURE 8. NOISE CURRENT va FREQUENCY 

Vcc =±15V 

100K 

2·454 



Switching Waveforms 

INPUT 

OUTPUT 

LARGE SIGNAL RESPONSE, Ay = +1 
Vertical Scale: 5V IDiv. 

Horizontal Scale: 20nslDiv. 

Ay = +1, VSUPPLY = ±15V 

PROPAGATION DELAY 
Vertical Scale: 2V/Div. 

Horizontal Scale: 20ns/Div. 

Ay = +1, VSUPPLY = ±15V 

HA-5004 

INPUT 

OUTPUT 
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2490 

FIGURE 9. TEST CIRCUIT 

SMALL SIGNAL RESPONSE 
Vertical Scale: 100mVlDiv. 
Horizontal Scale: 20ns/Div. 

Ay = +1, VSUPPLY = ±15V 

...I <U) 
za: 
O!!! 
-IL 
~::i a: 0.. 
w:::E 
~< 



HA-5004 

Applications Information 
Theory of Operation 

The HA-5004 is a high performance amplifier that uses cur
rent feedback to achieve its outstanding. performance. 
Although it is externally configured like an ordinary op amp 
in most applications. its internal operation is significantly dif
ferent. 

Inside the HA-5004, there is a unity gain buffer from the non
inverting (+) input to the inverting-input (as suggested by the 
circuit symbol), and the inverting terminal is a low imped
ance point. Error currents are sensed at the inverting input 
and amplified; a smali change in inpui curreni produces a 
large change in output voltage. The ratio of output voltage 
delta due to Input current delta is the transimpedance of the 
device. 

Steady state current at the inverting input is very small 
because the transimpedance is large. The voltage across 
the input terminals is nearly zero due to the buffer amplifier. 
These two properties are similar to standard op amps and 
likewise simplify circuit analysis. 

Resistor Selection 

The HA-5004 is optimized for a feedback resistor of 2500, 
regardless of gain configuration. It is important to note that 
this resistor is required even for unity gain applications; 
higher gain settings use a second resistor like regular op 
amp circuits as shown in Figure 10 below. 

+5V 

10kn 

tHERMAL OVERLOAD 

VlNo-----I 

I--+_~VOUT 

249n 
249n 

FIGURE 10. TYPICAL APPLICATION CIRCUIT. At, = +2 

Power Supplies 

" The HA-5004 will operate over a wide range of supply 
voltages with excellent performance. Supplies may be either 
Single-ended or split. ranging from 6V (±3V) to 36V (±18V). 
Appropriate reduction In input and output signal excursion is 
necessary for operation at lower supply voltages. Bypass 
capacitors from each supply to ground are recommended, 
typically a 0.D111f' ceramic in parallel with a 4.711f' electro
lytic. 

Current Umlt 
I 

No internal current limiting is provided for the HA-5004 in \ 
order to maximize bandwidth and slew rate. However, power 
is supplied separately to the output stage via pins 1 (Vc+) 
and 14 (Vc-) so that external current limiting resistors may 
be used. If required; lOOn resistors to each supply rail are 
recommended. 

Enable/Disable and Thermal Overload Operation 

The HA-5004 operates normally with a TTL low state on pin 
7 (OE) but it may be disabled manually by a TTL high state 
at this input. When disabled, the output and inverting-input 
go to a high impedance state and the circuit is electrically 
debiased, reducing supply current by about 5mA. It is impor
tant to keep the differential input voltage below the absolute 
maximum rating of 5V when the device is disabled. 

If the power dissipation becomes excessive and chip 
temperature exceeds approximately 1 BOoe, the HA-5004 will 
automatically disable itseH. The thermal overload condition 
will be indicated by a low state at the TOl output on pin 10. 
(TOl is also low for manual shutdown via pin 7). Automatic 
thermal shutdown can be bypassed by a TTL high state on 
Thermal Overload Inhibit (TOI) pin 6. See the truth table for a 
summary of operation. 

Offset Adjustment 

Offset voltage may be nulled with a 5kn potentiometer 
between pins 3 and 4, center tapped to the positive supply. 
Setting the slider towards pin 3 (+BAl) increases output 
voltage; towards pin 4 (-BAl) decreases output IIOltage. 
Offset can be adjusted by about :l;10mV with a 5K pot; this 
range is extended with a lower resistance potentiometer. 
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Features 

• Wide Unity Gain Bandwidth ••••••••••••••• 100MHz 

• Slew Rate •••••••••••••••••••••••••••••• BOOV/IlS 

• Output Current ......................... ±30mA (Min) 

• Drives 3.SV Into 7Sn 

• Differential Gain •••••••••• " ••••••••••••••• 0.025% 

• Differential Phase ••••••••••••••••••••••• 0.025 Deg 

• Low Input Voltage Noise. • • • • • • • • • • • • • •• 4.SnVlv'Hi 

• Low Supply Current ••••••••••••••••••• 10mA (Max) 

• Wide Supply Range ...•................. ±5V to ±1 SV 

• Output EnableJDlsable 

• High Performance Replacement for EL2020 

Applications 

• Unity Gain VidealWideband Buffer 

• Video Gain Block 

• Video Distribution Amp/Coax Cable Driver 

• Flash AID Driver 

• Waveform Generator Output Driver 

• Current to Voltage Converter; D1A Output Buffer 

• Radar Systems 

• Imaging Systems 

Pinout 
HA-S020 

(PDIP, CDIP, SOIC) 
TOP VIEW 

SAL 8 i5iSABLE -IN 2 - 7Y+ 

+IN 3 +. 6 OUT 

Y- 4 5 SAL (Note 2) 

Description 

HA-5020 
100MHz Current Feedback 

Video Amplifier 

The HA·5020 is a wide bandwidth, high slew rate amplifier 
optimized for video applications and gains between 1 and 
10. Manufactured on Harris' Reduced Feature Complemen
tary Bipolar 01 process, this amplifier uses current mode 
feedback to maintain higher bandwidth at a given gain than 
conventional voltage feedback amplifiers. Since it is a closed 
loop device, the HA-5020 offers beller gain accuracy and 
lower distortion than open loop buffers. 

The HA-5020 features low differential gain and phase and 
will drive two double terminated 750 coax cables to video 
levels with low distortion. Adding a gain flatness perfor
mance of 0.1 dB makes this amplifier ideal for demanding 
video applications. The bandwidth and slew rate of the 
HA-5020 are relatively independent of closed loop gain. The 
100MHz unity gain bandwidth only decreases to 60MHz at a 
gain of 10. The HA·5020 used in place of a conventional op 
amp will yield a significant improvement in the speed power 
product. To further reduce power, the HA-5020 has a disable 
function which significantly reduces supply current, while 
forcing the output to a true high impedance state. This allows 
the outputs of multiple amplifiers to be wire-OR'd into multi
plexer configurations. The device also includes output short 
circuit protection and output offset voltage adjustment. 

The HA-5020 offers significant enhancements over compet
Ing amplifiers, such as the EL2020. Improvements include 
unity gain bandwidth, slew rate, video performance, lower 
supply current, and superior DC specifications. 

The HA-5020 is available in commercial and industrial tem
perature ranges, and a choice of packages. See the "Order
Ing Information" section below for more information. For 
military grade product, please refer to the HA-5020/883 data 
sheet. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HA3-5020-S OOC to +75"C S Lead Plastic DIP 

HA7·S020-S OOCIo +7SoC S Lead Ceramic DIP 

HA9P5020-S OOCto +7SoC SLaadSOIC 

HA3-S020-9 -4OOC to +8S"C S Lead Plastic DIP 

HA7·S020·9 -400C to +8SOC S Lead Ceramic DIP 

HAO-S020-6 -400c to +ssOC DIE 

CAUTION: These d8\llces are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2845.3 
Copyright @ Harris Corporation 1993 
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Specifications HA-5020 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between V+ and v- Terminals •••••.•••••••••.•••• 36V HA-502()"5 ••••••••••••...•••.•.•••••••••• O"C S TA S +75°C 
DC Input Voltage ..•..••••.•••.....•.••••••.•.......• ±V SUPPLY HA-5020-9 •....•••.••••...••.•.••••••••• -4O"C S TA S +85"C 
Differential Input Voltage. • • • • • . • • • • . • • • • • • • • • • • . . . • • • •. 10V 
Output Current. • • • . • • • • • • • • • • • • • . • • • • Short Circuit Protected 
Junction Temperature (Note 19). • • • • • • . . • • • • • • • • • • • • • + 175°C 
Junction Temperature (Plestic Package) (Note 19) .•••••• +loooC 

Storage Temperature Range ••••••••......• -65"C S TA S +1 oooC 
Thermal Package Characteristics ("CIW) 9JC 9JA 

Plastic DIP. • • • • . • • • • • . • • . . . • . • • • • • • •• 34 96 
Ceramic DiP......................... 35 115 
SOIC ••••••••••••••••••••••••....•.• 43 158 

CAUTION: SlI8sses abowIlhoss listed in "Absolute Maximum Ratings" may cause permanent damage to the davice. This is a strsss only rating and operalfon 
of the device .t these or any other conditions abow those IndlcaltKl In the operational sections of this specification Is notlmpHed. 

Electrical Specifications V+= +15Y, v- =-15V, R.:= lkO, Av = +1, RL = 4000, CLs 10pF, 
Unless Otherwise Specified 

HA-502()..5,-9 

PARAMETER TEMP. MIN TVP 

INPUT CHARACTERISTICS 

Input Offset Voltage (Notes 2, 20) +25OC - 2 

Full - -
Average Input Offset Voltage Drift Full - 10 

VIO COmmon Mode Rejection Ratio (Notes 3, 20) +25°C 60 -
Full 50 -

VIO Power Supply Rejection Ratio (Notes 4, 20) +25OC 64 -
Full 60 -

Non-Inverting Input (+IN) Current (Note 20) +250C - 3 

Full · · 
+IN Common Mode Rejection (Note 3) +25°C · · 

Full - -
+IN Power Supply Rejection (Note 4) +25"C · -

Full · · 
Inverting Input (-IN) Current (Note 20) +25°C - 12 

Full · 25 

-IN Common Mode Rejection (Note 3) +25OC - · 
Full - -

-IN Power Supply Rejection (Note 4) +25°C · -
Fu" - · 

TRANSFER CHARACTERISTICS 

Transimpedence (Note 20) +25OC 3500 -
Full 1000 -

Open Loop DC Voltage Gain (Note 12) +25"C 70 -
RL=4OO0, VOUT= ±10V Full 65 · 
Open Loop DC Voltage Gain +25°C 60 -
RL = lOOn. VOUT = ±2.5V Full 55 -
OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 20) +25°C to +95°C ±12 ±12.7 

-4O"C to O"C ±11 ±11.8 
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MAX UNITS 

8 mV 

10 mV 

- jJ.VfOC 

- dB 

· dB 

- dB 

- dB 

8 jJ.A 

20 jJ.A 

0.1 iJAN 
0.5 iJAN 
0.06 iJAN 
0.2 iJAN 
20 jJ.A 

50 jJ.A 

0.4 iJAN 
0.5 iJAN 
0.2 iJAN 
0.5 iJAN 

- VirnA 

- VirnA 

- dB 

· dB 

· dB 

- dB 

- V 

- V 



Specifications HA-5020 

Electrical Specifications v+= +15V, v-= -15V, RF = lkn, Ay = +1, RL = 4000. CL s 10pF. 
Unless Otherwise Specified (Continued) 

HA-502G-S, -9 

PARAMETER TEMP. MIN TYP MAX UNITS 

Output Current +25OC ±30 ±31.7 - rnA 

(Guaranteed by Output Voltage Test) Full ±27.5 - - rnA 

POWER SUPPLY CHARACTERISTICS 

Quiescent Supply Current (Note 20) Full - 7.5 10 rnA 

Supply Current, Disabled (Notes 5, 20» Full - 5 7.5 rnA 

Disable Pin Input Current (Note 5) Full - 1.0 1.5 rnA 

Minimum Pin 8 Current to Disable (Note 6) Full 350 - - IlA 
Maximum Pin 8 Current to Enable (Note 7) Full - - 20 IlA 
AC CHARACTERISTICS (Ay = +1) 

Slew Rate (Note 8) +25°C 600 800 - VlIJS 

Full 500 700 - VlIJS 

Full Power Bandwidth (Note 9) +25°C 9.6 12.7 - MHz 

(Guaranteed by Slew Rate Test) Full 8.0 11.1 - MHz 

Rise Time (Note 10) +25OC - 5 - ns 

Fall Time (Note 10) +25OC - 5 - ns 

Propagation Delay (Notes 10, 20) +25°C - 6 - ns 

-adB Bandwidth (Notes 11, 20) +25°C - 100 - MHz 

Settling Time to 1%, 10V Output Step +25°C - 45 - ns 

Settling Time to 0.25%, 10V Output Step +25OC - 100 - ns 

AC CHARACTERISTICS (Ay = +10, RF = 3830) 

Slew Rate (Notes 8,12) +25°C 900 1100 - VlIJS 

Full 700 - - VlIJS 

Full Power Bandwidth (Note 9) +25°C 14.3 17.5 - MHz 

(Guaranteed by Slew Rate Test) Full 11.1 - - MHz 

Rise Time (Note 10) +25°C - 8 - ns 

Fall Time (Note 10) +25°C - 8 - ns 

Propagation Delay (Notes 10. 20) +25°C - 9 - ns 

-adB Bandwidth (Note 11) +25OC - 60 - MHz 

Settling Time to 1%, 10V Output Step +25OC - 55 - ns 

Settling Time to 0.1 %, 10V Output Step +25OC - 90 - ns 

HARRIS VALUE ADDED SPECIFICATIONS 

Input Noise Voltage (I = 1kHz) (Note 20) +25OC - 4.5 - nVNHz 

+Input Noise Current (I = 1 kHz) (Note 20) +25°C - 2.5 - pANHz 

-Input Noise Current (f = 1 kHz) (Note 20) +25OC - 25 - pANHz 

Input Convnon Mode Range Full ±10 ±12 - V 

-Iblas Adjust Range (Note 2) Full ±25 ±40 - IlA 
Overshoot (Note 20) +25°C - 7 - % 
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Specifications HA-5020 

Electrical Specifications V+ = +15V, v- = -15V, RF = lkQ, At = +1, RL = 4000, CL S 10pF, 
Unless Otherwise Specified (Continued) 

HA-5020-5, -9 

PARAMETER TEMP. MIN TYP 

OUtput Current (Short Circuit, Notes 13, 20) Full ±50 ±65 

Output Current (Disabled, Notes 5, 14, 20) Full - -
Output Disable Time (Notes 15, 20) +25°C - 10 

Output Enable Time (Notes 16,20) +25°C - 200 

Supply Voltage Range +25OC 5 -
Output Capacitance (Disabled, Notes 5,17) +25OC - 15 

VIDEO CHARACTERISTICS 

Differential Gain (Notes 18,20,21) +25°C - 0.025 

Differential Phase (Notes 18, 20, 21) +25°C - 0.025 

Gain Flatness to 5MHz +25°C - 0.1 

Chrominance to Luminance Gain (Note 18) +25°C - 0.02 

Chrominance to Luminance Delay (Note 18) +25°C - 0.3 

NOTES: 

MAX UNITS 

- mA 

I I1A 
- lIS 

- ns 

15 V 

- pF 

- % 

- Degrees 

- dB 

- dB 

- ns 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func
tional operation under any of these conditions Is not necessarily Implied. 

2. Suggested Vos Adjust Circuit: The inverting input current (-I bias) can be adjusted with an externall0kn pot between pins 1 and 5, wiper 
connected to V+. Since -I bias flows through the feedback resistor (RF), the result is an adjustment in offset voltage. The amount of offset 
voltage adjustment is determined by the value of RF (liVos = li-lbias"RF). 

3. VCM = ±10V. 

4. ±4.5V S Vs S ±18V. 

5. 'i51Sabi9 = OV. 

6. RL = 100n, VIN = 10V. This is the minimum current which must be pulled out 01 the i51Sa'6i9 pin in order to disable the output. The output 
is considered disabled when -10mV S VOUT S +10mV. 

7. VIN = OV. This is the maximum current that can be pulled out of the Disable pin with the HA-5020 remaining enabled. The HA-5020 is 
considered disabled when the supply current has decreased by at least 0.5mA. 

8. VOUT switches from -10V to +1 OV, or from +1 OV to -10V. Specification is from the 25% to 75% points. 

Slew Rate 
9. FPBW = ; VpEAK = 10V. 

2ltVpEAK 

10. RL = lOOn, VOUT = IV. Measured from 10% to 90% points for rise/fall times; from 50% points ofinput and outputfor propagation delay. 

11. RL=400n,VOUT =100mV. 

12. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lol-to-Iot variation. 

13. VIN = ±10V, VOUT = OV. 

14. Vour =±10V. 

15. VIN = +10V, i51Sa'6i9 = +15V to OV. Measured from the 50% point of'i51Sabi9 to VOUT = OV. 

16. VIN = +10V, Disable = OVto +15V. Measured from the 50% point ofi51Sa'6i9 to VOUT = 10V. 

17. VIN = OV, Force Your from OV to ±10V, tR = tF = 5Ons. 

18. Measured with a VM700A video tester using a NTC-7 composite VITS. 

19. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for ceramic pack
ages, and below + 150°C for plastic packages. 

20. See "Typical Performance Curves' for more information. 

21. RL = 150n 
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Ole Characteristics 
DIE DIMENSIONS: 

164011ffi x 1520l1m x 48311ffi ±25.411ffi 

METALLIZATION: 
Type: Aluminum .. 1 % Copper 
Thickness: 16kA ± 2kA 

WORST CASE CURRENT DENSITY: 
5.77 x 104 Alcm2 at 30mA 

SUBSTRATE POTENTIAL (POWERED UP): v-

Metallization Mask Layout 

-IN 

+IN 

HA-5020 

GLASSIVATION: 
Type: Nitride over Silqx 
Silox Thickness: 12kA:t 2kA 
Nitride Thickness: 3.5kA ± 1 kA 

TRANSISTOR COUNT: 62 

PROCESS: High Frequency Bipolar Dielectric Isolation 

DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 

Gold Eutectic - Ceramic DIP 

HA-5020 

SAL 
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HA-5020 

Typical Performance Curves VSUPPLY = ±15V, Av= +1, RF = 11<0, ~ = 4000. TA =+25"C, 
Unless Oth8lWise Specified 
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HA-5020 

Typical Performance Curves VSUPPlY= ±15V,Ay= +1, AF= 1kn, AL =4000, TA =+25°C, 
Unless Otherwise Specified (Continued) 
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HA-5020 

Typical Performance Curves VSUPPlY = t15V,!I.j = +1, RF = 111n, RL = 4000, T" = +25"C, 
Unless Otherwise Specified (Continued) 
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HA·5020 

Typical Performance Curves VSUPPlY = t15V, Av = +1, RF = lkn, RL = 4000, TA = +25°C, 
Unless Otherwise Specified (Continued) 
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HA-5020 

Typical Performance Curves VSUPPLY = ±15V, Av = +1, A,: = llcO, RL = 4000, TA = +25"0, 
Unless Otherwise Specified (Continued) 
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HA-5020 

Typical Performance Curves VSUPPLY = t15V, Av = +1, RF = 1kO, RL = 4000, TA = +25OC, 
Unless O1herwlse Specified (Continued) 
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HA5022, HA5024 
ADVANCE INFORMATION 
April 1993 

Features 

• Dual, Quad Versions of HA-5020 

• Output EnableIDlsable 

• Wide Unity Gain Bandwidth ••••••••••••••• 100MHz 

• Slew Rato •••••••••••••••••••••••••••••• 8OCV/j.i.& 

Dual, Quad 100MHz Video Current 
Feedback Amplifier with Disable 

Description 
The HA5022 and HA5024 are dual and quad versions of the 
popular Harris HA-5020. They feature wide bandwidth and 
high slew rate, and are optimized for video applications and 
gains between 1 and 10. Both are current feedback amplifi
ers and thus yield less bandwidth degradation at hig:, closed 
loop gains than voltage feedback amplifiers. 

• Output Current .••..•.••...•.....•..•.••..••• ±3OmA The low differential gain and phase, 0.1dB gain ilatness, and 

• Differential Gain •••••••••••••••••••••••••• 0.025% ability to drive two back terminated 750 cables, make these 

• Differential Phase ••••••••••••••••••• 0.025 Degrees 

• Supply Current (per Amplifier) ••••••••••••••• 7.5mA 

• Supply Range .......................... ±5Vto ±15V 

• Crosstalk Relectlon at 10MHz •••••••••••••••• -SOdB 

• ESD Protection ........................... >2000V 

• Guaranteed Specifications at ±5V and ±15V Supplies 

Applications 
• Video Multlplexersi Video Switching and Routing 

• Video Gain Block 

• Video Distribution Ampllfierl RGB Amplifier 

• Flash AID Driver 

• Current to Voltage Converteri DAC Buffer 

• Medical Imaging 

• Radar and Imaging Systems 

Pinouts 
HA5022 

(PDIP, CDIP,150 MIL SOIC) 
TOP VIEW 

-INI 1 

+lNl 

iii§i' 3 NC 

¥o v+ 

DiS2 NC 

+lN2 NC 

-IN2 oun 
NC NC 

amplifiers ideal for demanding video applications. 

The HA5022 and HA5024 also feature a disable function that 
significantly reduces supply current while forcing the output 
to a true high impedance state. This functionality allows 2:1 
and 4:1 video multiplexers to be Implemented with a single IC. 

The current feedback design allows the user to take advan
tage of the amplifier's bandwidth dependency on the feed
back resistor. By reducing RF, the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 

Ordering Information 

PART 
NUMBER 

HA5022IP 

HA5022IJ 

HA5022IB 

HA50241P 

HA50241J 

HA5024IB 

TEMPERATURE PRODUCT 
RANGE DESCRIPTION 

-40"C to +85°0 16 Lead Plastic DIP 

-40°0to~0 16 Lead Ceramic DIP 

-40"C to +85OC 16 Lead Narrow Body SOIC 

-40°C to +8SOC 20 Lead Plastic 01 P 

-40°C to +85°0 20 Lead Ceramic DIP 

-40"Cto~O 20 Lead SOlO 

HA5024 
(PDIP, CDIP, SOIC) 

TOP VIEW 

OUT1 OUT4 

-IN1 -1m 
+INI +IN4 

6ii1 5iii 
Ne NC 

v+ ¥o 

6iS2 i5iSi 
+1M2 +lN3 

-IN2 -IN3 

oun OUT3 
~---...-

CAUTION: These d8llices are sensitive to electroatatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3392 
Copyright @Harris Corporation 1993 
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HA5023, HA5025 
ADVANCE INFORMATION 
April 1993 

Features 

• Wide Unity Gain Bandwidth ••••••••••••••• 100MHz 

• Slew Rate •••••••••••••••••••••••••••••• aOOV/llS 

o Output Current ....•......•....••..•......... ±3OmA 

o Differential Gain •••••••••••••••••••••••••• 0.025% 

o Differential Phase •••••••••••••••••••••• 0.025 O8g. 

• Supply Current (per Amplifier) ••••••••••••••• 7.5mA 

o Supply Range ........•.........••...•• ±5Vto±15V 

o Crosstalk Rejection at 10MHz •••••••••••••••• -aOdB 

• ESD Protection ••••••••••••••••••••••••••• >2000V 

• Guaranteed SpeCifications at ±5V and ±15V Supplies 

Applications 
o Video Gain Block 

• Video Distribution Ampllflerl RGB Amplifier 

• Flash AID Driver 

• Current to Voltage Converter; DAC Buffer 

o Medical Imaging 

• Radar and Imaging Systems 

• Video Switching and Routing 

Pinouts 

Description 

Dual, Quad 1 OOMHz Video 
Current Feedback Amplifier 

The HAS023 and HAS025 are wide bandwidth high slew rate 
dual and quad amplifiers optimized for video applications 
and gains between 1 and 10. They are current feedback 
amplifiers and thus yield less bandwidth degradation at high 
closed loop gains than voltage feedback amplifiers. 

The low differential gain and phase, O.1dB gain flatness, and 
ability to drive two back terminated 750 cables, make these 
amplifiers ideal for demanding video applications. 

The current feedback design allows the user to take advan· 
tage of the amplifier's bandwidth dependency on the feed
back resistor. By reducing RF, the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 

The performance of the HA5023 and HAS025 is very similar 
to the popular Harris HA·5020. 

Ordering Information 

PART TEMPERATURE PRODUCT 
NUMBER RANGE DESCRIPTION 

HA50231P -40"C to +8500 8 Lead Plastic DIP 

HA50231J -40"C to +8500 8 Lead Ceramic DIP 

HA5023IB -40"C to +8500 8 Lead SOIC 

HA5025IP -40"C to +8500 14 Lead Plastic DIP 

HAS025IJ -4O"C to +8500 14 Lead Ceramic DIP 

HAS0251B -4000 to +8500 16 Lead Wide Body SOIC 

HAS023 
(PDIP. CDIP. SOIC) 

TOP VIEW 

HA5025 
(PDIP. CDIP) 
TOP VIEW 

HA5025 
(300 MIL SOIC) 

TOP VIEW 

OUT1~V+ 
-IN1 - 0UT2 

+IN1 3 • -1m 
V- +lN2 

-1m 
oun OUT3 

-IN1 

+IN1 

v+ 

-IN2 

+IN4 

v
+lN3 

OUT2 1..tl---''--t1QI oun 
NC NC 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3393 
Copyright@Harris Corporation 1993 
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Features 

• Differential Phase Error _ ••••••••••••••• 0_02 Degree 

• Differential Gain Error ...................... 0.03% 

• High Slew Rate ......................... 1100V/J.1s 

• Wide Banciwiciih (Smail Signaij •••••••••••• 250M Hz 

• Wide Power Bandwidth ••••••••••••• DC to 17.SMHz 

• Faat Rise Time .............................. 3ns 

• High Output Drive •...••••.••.• ±10V WHh 1000 Load 

• Wide Power Supply Range •..•...•.••.•• ±5V to ±16V 

• Replace Costly Hybrids 

Applications 

• Video Buffer 

• High Frequency Buffer 

• isolation Buffer 

• High Speed Une Driver 

• Impedance Matching 

• Current Boostere 

• High Speed AID Input Buffers 

• For Further Application Ideas, See App. Note 548 

Pinouts 

HA-5033 
Video Buffer 

Description 

The HA-5033 is a unity gain monolithic I.C. designed for any 
application requiring a fast. wideband buffer. Featuring a 
bandwidth of 250M Hz and outstanding differential phase! 
gain characteristics. this high performance voltage follower is 
an excellent choice for video circuit design. Other features, 
which Include a minimum slew rate of 1000VlIJ.$ and high 
output drive capability. make the HA-5033 applicable for line 
driver and high speed data conversion circuits. 

The high performance of this product is a result of the Harris 
Dielectric Isolation process. A major feature of this process 
is that it produces both PNP and NPN high frequency 
transistors which makes wide bandwidth designs. such as 
the HA-5033. practical. Alternative process methods 
typically produce a lower AC performance. 

For the HA-5033 in B Lead sOle with reduced thermal rating 
contact the factory. 

Ordering Information 

TEMPERATURE 
PART NUMBER RANGE PACKAGE 

HA2-5033-2 -55°C to + 1250C 12 Pin Can 

HA2-5033-5 OOCto +75OC 12 Pin Can 

HA3-5033-5 OOCto+75OC 8 Lead Plastic DIP 

HA4-5033-5 OOC to+75OC 20LeadPLCC 

HA-5033 (PDIP) 
TOP VIEW 

HA-5033 (PLCC) 
TOP VIEW 

HA-5033 (TO-8 CAN) 
TOP VIEW 

SUB
STRATE 

15~TE 

CAUTION: These devices are sans_lYe 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright@Harris Corporation 1993 
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Specifications HA-5033 

Absolute MaxImum Ratings 
Voltage Between V+ and V- Pins •••••••••••••••••••••••• 40V 
DC Input Voltage ••••••••••••••••••••••••••••••••• V+ to V-
Output Current (Peak) (5Oms Onf1 Second Off) •••••••.••• ±200mA 
Internal Power Dissipation (Note 2) 

TO-8 (+25°C) •••••••••••••••••••••••••••••••••••• 2.3W 
Mini-DIP (+25OC) •••••••••••••••••••••••••••••••••• 1.3W 
PLCC (+25OC) •••••••••••••••••••••••••••••••••••• 1.7W 

Maximum Junction Temperature •••••••••••••••••••••• +175°C 
Maximum Junction Temperature (Plastic Packages) • • • • • • + 1 SOOC 
Lead Temperature (Soldering 10 Sec.) ................. +3000C 

Operating Conditions 
Operating Temperature Ranges 

HA-5033-2 ••••••••••.•.•••••••••••••. -55OC S TA S +125°C 
HA-5033-5 ••••••••.•••••••••••••••••••• O"C S TA S +75°C 
HA-5033-9 •••••••••••••••••••••••••••• -4O"C S TA S +Il5°C 

Storage Temperature Range ••••••••.•••••• -65OC S TA S +1SOOC 
ESD Rating (Note 11) •••••••••••••••••••••••••.•••• >2000V 

CAUTION: Stresses abo .. those listed in "Absolute Maximum RaUngs" may cause permanent damage to the device. This is a stress only /8Ung and ops/8tion 
of the device at these or any other conditions _ those indicated in the OPS/8tionaJ sections of this specification is not irrq>Ued. 

Electrical Specifications VSUPPLY = ±12V, Rs = 500, RL = 1000, CL = 10pF, Unless Otherwise Specified. 

NOTE 10 
HA-5033-2 HA-5033-5 HA-5033-9 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MAX UNITS 

INPUT CHARACTERISnCS 

Offset Voltage +25OC - 5 15 - 5 15 15 mV 

Full - 6 25 - 6 25 30 mV 

Average Offset Voltage Drift Full - 33 - - 33 - - I1Vf'C 

Bias Current +25OC - 20 35 - 20 35 35 IJ.A 
Full - 30 50 - 30 50 50 IJ.A 

Input Resistance +25°C - 3 - - 3 - - M£1 

Input Capacitance +25OC - 1.6 - - 1.6 - - pF 

Input Noise Voltage (Note 3) +25°C - 20 - - 20 - - I1Vp-p 

TRANSFER CHARACTERISnCS 

Voltage Gain 

RL = 100£1 +25°C 0.93 - - 0.93 - - - VN 

RL = 1kn +25°C 0.93 0.99 - 0.93 0.99 - - VN 

RL= 1000 Full 0.92 - - 0.92 - - - VN 

-3dB Bandwidth +25OC - 250 - - 250 - - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

RL=1000 Full ±8 ±10 - ±8 ±10 - - V 

RL = 1kn (Note 4) Full ±11 ±12 - ±11 ±12 - - V 

Output Current +25OC ±80 ±100 - ±80 ±100 - - mA 

Output Resistance +25OC - 8 - - 8 - - £1 

Full Power Bandwidth (Note 5) +25OC - 146 - - 146 - - MHz 

Full Power Bandwidth (Note 7) +25OC 15.9 17.5 - 15.9 17.5 - - MHz 

TRANSIENT RESPONSE 

Rise Time (Note 6) +25OC - 4.6 - - 4.6 - - ns 

Propagation Delay +25OC - 1 - - 1 - - ns 

Overshoot +25OC - 3 - - 3 - - 0/0 

Slew Rate (Note 7) +25°C 1 1.1 - 1 1.1 - - Vlns 

Settling Time to 0.10/0 +25OC - 50 - - 50 - - ns 

Differential Phase Error (Note 8) +25OC - 0.02 - - 0.02 - - Degree 

Differential Gain Error (Note 8) +25OC - 0.03 - - 0.03 - - % 
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Specifications HA-5033 

Electrical Specifications VSUPPLY = t12V, Rs = son I\. = 1000. CL = 10pF, Unless Otherwise Specified. (Continued) 

NOTE 10 
HA-6033-2 HA-6033-5 HA-S033-9 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MAX UNrrs 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25"C - 21 25 - 21 25 25 rnA 

Full - 21 30 - 21 30 30 rnA 

Power Supply Rejection Ratio Full 54 - - 54 - - - dB 

Harmonic Distordon (Note 9) +25"C - <0.1 - - <0.1 - - % 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually beyond which the serviceability of the circuit may be Impaired. Func-
tional operability under any of these condttlons is not necessarily Implied. See thermal constants In "Ole Characteristics" section. Maxi-
mum power dlsslpetion, Including load conditions, must be designed to malntain the maximum junction temperature below +1750C for 
the can package, and below + 15O"C for the plastic packages. 

2. See thermal constants In "Ole Characterlstlcs" section. Maximum power dissipation, Including load conditions, must be designed to main-
tain the maximum junction temperature below + 175°C for the can package, and below + 1 SOOC for the plastlc packages. 

3. 10Hz to 1MHz 

4. tVSUPPLy=t15V 

5. VOUT= 1VRMS, RL= 1kn 

6. VOUT = 500mV 

7. tVSUPPLY = t15V, VOUT = t10V, RL = 1.kn. 
8. Differential gain and phase error are nonlinear signal distortions found In video systems and are defined as follows: Differential gain error 

is defined as the change In amplitude at the color subcarrier frequency as the picture signal Is varied from blanking to white level. Differ-
ential phase error Is defined as the change in the phase of the color subcarrier as the picture signal is varied from blanking to white level. 
RL=3000. 

9. VIN = 1VRMS 

10. Typical and minimum specifICation for the -9 version are the same as those for the -5 version. 
11. Human Body Model. 

Schematic Diagram 

+Y 

AS R4 HZ A12 

O1s:-t 
"'*1011 

Q1:C ~as01~ JJ" 012 r r 01 

R9 

at A11 
03 L Q4 

YIN ..... " YOUT 
AS as 

R9 ~ A10 

tl ..... Q2 
017 '1 '""'lO13 

Q9~ I;,j~ J ..... Q5 

O18~"'f'.,Q14 

R3 A1 R13 

-Y 
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HA-5033 

Die Characteristics 

Transistor Count ..•....••.....••.••••.••....•..• 20 
Die Dimensions .•.•...•.•••••••.•.••. 57 x 66 x 19 mils 
Substrate Potential" 
Process ........•...•.••..•. High Frequency Bipolar·DI 
Passivation •.••...••..•.•.....••. •. Nitride over Silox 

* Connected to ·Substrate* bond pad which Is dielectrically isolated 
from V+ and V" 

Test Circuits 

+15V 

IN >---+--000 OUT 

-15V 

FIGURE 1. SLEW RATE AND SETTLING TIME 

I:::] L 
"""'" :~::=-; T .. ----i+-:- -

....... 1.Q~... ......•.... ..... : ERROR BAND 
---- • ~ SLEW : ±10mV FROM 

:! : RATE: : FINAL VALUE 
: i : V/AT : 

FIGURE 3. SETTLING TIME 

+10Y RESPONSE 
TA = +250C. Rs = son, RL = loon 

Thermal Constants COClW) 
HA2-5033 (Can) •.......•..•.... 
HA3-5033 (Plastic DIP) 
HA4-5033 (PLCC) 

+12V 

9JA 

65 
96 
74 

IN ~----~--~ OUT 

-12V 

FIGURE 2. TRANSIENT RESPONSE 

SOD] 
INPUT 

OV L 
............ !?Y~~~!!.~!?I ..................................... . 

NOTE: Measured on both positJve and negative transitions. 

FIGURE 4. RISE TIME 

+10Y RESPONSE 
TA = +250C. Rs = 50'1, RL = lkO 
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HA-5033 

Test Circuits (Continued) 

+O.5V PULSE RESPONSE 
TA = +25°C, Rs = 500. At = 1000 

OV ' 

OV 

Typical Performance Curves 
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SUPPLY VOLTAGE 
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w 
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D 
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II: 

i3 
~ ... 10 ... 
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C: V+ .. +10V, y." ·10V 

o 
D: V+. ~5V, Y. = -5V 

-ss -25 +25 +75 +125 

TEMPERATURE ("C) 

FIGURE 7. SUPPLY CURRENTvs TEMPERATURE vs SUPPLY 
VOLTAGE 
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40 
A: V+ .. +15V, y.. ·15V 
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FIGURE 6. INPUT BIAS CURRENT va TEMPERATURE V8 
SUPPLY VOLTAGE 

3000 
±V .. ±15V, VIN" +10V I 

j 2000 
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HA-5033 

Typical Performance Curves (Continued) 
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FIGURE 9. SLEW RATE YS LOAD CAPACITANCE (RL .. 1kn) 
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FIGURE 11. GAIN ERROR va INPUT VOLTAGE 
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FIGURE 13. GAIN ERROR va TEMPERATURE 
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FIGURE 10. SLEW RATE va LOAD CAPACITANCE (RL = 1000) 
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HA-5033 . 
Typical Performance Curves (Continued) 
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HA-5033 

Typical Performance Curves (Continued) 
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FIGURE 24. HA-5033 SOA, TO-8, NO SINK 

• This curve was obtained by noting the output voltage necessary to 
produce an observable distortion for a given Irequency. If higher 
distortion is acceptable, then a higher output voltage for a given 
frequency can be obtained. 

However, operating the HA-5033 with increased distortion (to the 
right of curve shown), will also be accompanied by an increase in 
supply current. The resulting increase in chip temperature must be 
considered and heat sinking will be necessary to prevent thermal 
runaway. 

This characteristic is the result 01 the output transistor operation. II 
the signal amplitude or signal frequency or both are increased 
beyond the curve shown, the NPN, PNP output transistors will 
approach a condition of being simulteneously on. Under this 
condition, thermal runaway can occur. 

o 2 4 6 8 10 
Vour(V) 

FIGURE 25. HA-5033, TO-8, AAVID 5792 BSA = 25°CIW 
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HA-5033 

Operating Instructions 
Layout Considerations 

The wide bandwidth of the HA-5033 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 

Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides Isolation and 
minimizes distributed circuit capacitance and inductance 
which will degrade high frequency performance. This ground 
plane shielding Can also incorporate the metal case of the 
HA-5033 since pin #2 is internally tied to the package. This 
feature allows the user to make metal to metal contact 
between the ground plane and the package. which extends 
shielding. provides additional heat sinking and eliminates the 
use of a socket. Ie sockets contribute inter·lead capacitance 
which limits device bandwidth and should be avoided. 

For the plastiC Mini·DIP, pin 6 can be tied to either supply. 
grounded. or simply not used. But to optimize device perfor· 
mance and improve isolation. it is recommended that this pin 
be grounded. 

Other considerations are proper power supply bypassing 
and keeping the Input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 

Power Supply Decoupllng 

For optimum device performance. it Is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging In value 
from 0.01 to 0.1~F will minimize high frequency variations in 
supply voltage. Solid tantalum capacitors 1~F or larger will 
optimize low frequency performance. 

Typical Applications (Also see Application Note 548) 

+12V 

It is also recommended that the bypass capacitors be 
connected close to the HA-5033 (preferably directly to the 
supply pins). 

2.4 

2.2 

!:2.0 
81.8 
if 1.8 

=1.4 i5 
15 1.2 

~ 1.0 

I ::: '--','~:~~~~~'~:'~~~' 
il 0.4 ATVCC±12V.lcc .. 3OmA 

0.2 

o+-.......... ,-.......... ,-.......... ~ .......... ~ .......... ~ 
25 4& as as 101 

AMBIENT TEMPERATURE <"C) 

TJMAX -TA 
Graph is based on: POMAX = 9 

JA 

Where: TJMAX = Maximum Junction Temperature of the DevIce 

TA = Ambient Temperature 
9JA .. Junction to AmbIent ThermeJ Resistance 

FIGURE 26. FREE AIR POWER DISSIPATION 

RQ-&8 

125 

FIGURE 'D. VtDEO COAXIAL LINE DRIVER 500 SYSTEM 
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HA-5033 

Typical Applications (Also see Application Note 548) 
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FIGURE 28. VIDEO GAIN BLOCK 
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HA-51 01, HA-5111 

April 1993 

Features 
• Low Noise •••••••••••••••••••••• 3.0nVl.Jiii at 1kHz 

• Wide Bandwidth ••••••••••••• 1 OMHz (Compensated) 

100MHz (Unc~mpensated) 

• High Slew Rate •••••••••••••• 10VlIJ.S (Compensated) 
50Vlj.ts (Uncompensated) 

• Low Offset Voltage Drift ••••••••••••••••••• 3j.tVJOC 

• High Gain •••••••••••••••••••••••••••• 1 x 106VN 

• High CMRRlPSRR ••••••••••••••••••••••••• 100dB 

• High Output Drive capability •••••••••••••••• 30mA 

Applications 
• High Quality Audio Preamplifiers 

• High Q Active FIRers 

• Low Noise Function Generators 

• Low Distortion Oscillators 

• Low Noise Comparators 

• For Further DeSign Ideas, See Application Note 554 

Pinouts (See Ordering Information on Next Page) 

Low Noise, High Performance 
Operational Amplifiers 

Description 
The HA·5101/5111 are dielectrically isolated operational 
amplifiers featuring low noise and high performance. Both 
amplifiers ·have an excellent noise voltage density of 
3.0nVl..JHi at 1kHz. The uncompensated HA·5111 is stabie 
at a minimum gain of 10 and has the same DC specifications 
as the unity gain stable HA·S1 01. The difference in compen· 
sation yields a 100MHz gain·bandwidth product and a 
SOVlj.tS slew rate for the HA·S111 versus a 10MHz unity gain 
bandwidth and a 10Vlj.ts slew rate for the HA·S1 01. 

DC characteristics of the HA·S101/S111 assure accurate 
performance. The O.SmV offset voltage is externally adjust· 
able and offset voltage drift is just 3j.tVf'lC. An offset current 
of only 30nA reduces input current errors and an open loop 
voltage gain of 1 x 1 oey N increases loop gain for low distor· 
tion amplification. 

The HA·S101/S111 are ideal for audio applications, especi· 
ially low·level signal amplifiers such as microphone, tape 
head and phono cartridge preamplifiers. Additionally, it is 
well suited for low distortion oscillators, low noise function 
generators and high Q filters. 

HA-5101. HA-5111 
(PO'P. CO.P. SOle) 

TOP VIEW 

HA-5101, HA·5111 
(T0-99 METAL CAN) 

TOP VIEW 

HA·5101 
(PLCC) 

TOP. VIEW 

·HA-5101 No Connect 
HA·5111 Compensation 

4 

v.(eASE) 

CAUTION: These davie ... are sansniva 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. 

Copyright @ Harris Corporation 1993 
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Ordering Information 

PART 
NUMBER 

HA2-5101-2 

HA2-5101-5 

HA3-5101-5 

HA4P51 01-5 

HA7-51 01-2 

HA7-5101-5 

HA9P5101-5 

HA9P51 01-9 

Schematic 

R24 

R1BA 

TEMPERATURE 
RANGE 

-55"C to +125OC 

OOC to+75OC 

O"C to +75OC 

OOCto+75°C 

-55°C to +125°C 

OOC to+75OC 

OOC to+75OC 

-4O"C to +85OC 

R25 

R 
19 
B 

R 
23 

R11 

HA-5101, HA-S111 

PART TEMPERATURE 
PACKAGE NUMBER RANGE PACKAGE 

8 Pin Can HA2-5111-2 -55"C to + 1250C 8 Pin Can 

8 Pin Can HA2-5111-5 OOCto+75OC 8 Pin Can 

8 Lead Plastic DIP HA3-5111-5 OOCto +75°C 8 Lead Plastic DIP 

20 Lead PLCC HA7-5111-2 -55°C to +125OC 8 Lead Ceramic DIP 

8 Lead Ceramic DIP HA7-5111-5 OOC to +75OC 8 Lead Ceramic DIP 

8 Lead Ceramic DIP HA9P5111-5 O"C to + 750C 8 Lead SOIC 

8 LeadSOIC HA9P5111-9 -400c to +85"C 8 LeadSOIC 

8 LeadSOIC 

-IN +IN 

v+ 

R&D R28 

R3A R4A Oj8 Q50 5~ r-: 
- Q39 -.,nrr rQ48 

Rl0 R12 
R 
7:7 

BAL 

R3B 

2-481 

R18 
R4B 

Yo 

BAL 



Specifications HA-5101, HA-5111 

Absolute Maximum Ratings (Note 1) 

T" = +25"C Unless Otherwise specmed 

Operating Conditions 
Operating Temperature Range 

Voltage Between V+ and V- Terminals •.••••••••••••.•••• 40.0V HA-5'0'/5"'-2 ......................... -55"C to +125°C 
Differential Input Voltage ................................ 7V HA-5'0'/5"'-5 ........................... O"Cto+75°C 
Voltage (at Any Lead) •.••.•••.••.••...•.•.•••.•••.••• ±V SUPPLY 
Output Current. • . • • • . • . • • • • • • • • •• Full Short Circuit Protection 
Junction Temperature (Note 8). • • . • . . . . • • • . • . . • . • • • •• + 175°C 
Junction Temperature (Plastic Packages). • • • • • • . • . • . • • . +1 SOOC 

HA-5101/5111-9 .......................... -4O"C to +85"C 
Storage Temperature Range .................. -65"C to + 1SOOC 

Lead Temperature (Soldering 10 Sec.). . • . • . . . . • . • . . . • • +3OO"C 

CAUTION: SIress8s abowIlhose IIstsd In "Absoluls Mtvtimum Ratings'may cause permanent damage to Ihs davlca. ThIs Is a stress only I8tJng and opIItalion 

of the device at IIres/J 01' any other conditicns aboIe Ihose indicalsd In the opetBtionBJ sections of this speclficallon Is not 11TfJIIed. 

Electrical Specifications V+= +15V, V- = -15V, Rs .. 1000, 1\ .. 2kO, CL = 5OpF, Unless Otherwise Specified. 

I I I i • 

I TEMP 

1-11.-5101-2. -5 HA-5101-9 
HA-5111-2, -5 HA-5111-9 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 0.5 3 - 0.5 3 mV 

Full - - 4 - - 4 mV 

Offset Voltage DrIft Full - 3 - - 3 - Jl.Vf'C 

Bias Current +25°C - 100 200 - 100 200 nA 

Full - - 325 - - 325 nA 

Offset Current +25°C - 30 75 - 30 75 nA 

Full - - 125 - - 125 nA 

Input Raslstance +25"C - 500 - - 500 - kO 

Common Mode Range Full ±12 - - ±12 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 2) +25°C - 1000 - - 1000 - kVN 

Full 100 250 - 100 250 - kVN 

Common Mode Rejeclion Ratio (Note 3) Full 80 100 - 80 100 - dB 

Small Signal Bandwidth +25OC - 10 - - 10 - MHz 
HA-5101 (Ay = 1) 

Minimum Stable Gain 

HA-5101 Full 1 - - 1 - - VN 

HA-5111 Full 10 - - 10 - - VN 

Gain Bandwidth Product +25°C - 100 - - 100 - MHz 
HA-5111 (Ay = 10) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

1\= 10kO Full ±12 ±13 - ±12 ±13 - V 

1\=21<0 Full ±12 ±13 - ±12 ±13 - V 

(Vps = ±18, RL = 600) +25OC ±15 - - ±15 - - V 

Output Current (Note 4) +25OC 25 30 - 25 30 - rnA 

Full Power Bandwidth (Note 5) 

HA-51 01 +25°C 95 160 - 95 160 - kHz 

HA-5111 +25°C 630 790 - 630 790 - kHz 

Output Resistance +250C - 110 - - 110 - n 
Maximum Load Capacitance +25"C - 800 - - 800 - pF 
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Specifications HA-5101, HA-5111 

Electrical Specifications V+ = +15V, V- = -15V, Rs = 1000. RL = 2kQ, CL = 5OpF, Unless Otherwise Specified. (Continued) 

HA-5101-2, -5 HA-51 01-9 
HA-5111-2, -5 HA-5111-9 

PARAMETER TEMP MIN TVP MAX MIN TVP MAX UNITS 

TRANSIENT RESPONSE (Note 6) 

Rise Time 

HA-51 01 +25°C 50 100 50 100 lIS 

HA-5111 +25°C 30 60 30 60 lIS 

Overshoot 

HA-5101 +25°C 20 35 20 35 % 

HA-5111 +25°C 20 40 20 40 % 

Slew Rate 

HA-5101 +2500 6 10 6 10 VlJIS 

HA-5111 +2500 40 50 40 50 VIlIS 

SeWing Time (Note 7) 

HA-5101 0.01% 2.6 2.6 JIS 

HA-5111 0.01% 0.5 0.5 JIS 
~(/) za: 

NOISE CHARACTERISTICS (Note 10) 
OW 
~§ 

Input Noise Voftage a: a. 
nVNHz 

w:::E 
1=10Hz +25°C 5 7 5 7 ~c( 
I-1kHz +25OC 3.0 4.0 3.0 4.0 nVNHz 

Input Noise Current 

1.10Hz +25OC 4.0 9 4.0 9 pANHz 

I = 1kHz 0.6 2.5 0.6 2.5 PANHz 

Broadband Noise Voltage I = DC to 30kHz +25°C 0.870 0.870 Jl.Vrrns 

PONER SUPPLY CHARACTERISTICS 

Supply Current HA-510115111 Full 4 6 4 7 rnA 

Power Supply Rejection Ratio (Note 9) Full 80 100 80 100 dB 

NOTES: 

1. Absolute maximum ratings are IImlting values, applied Individually, beyond which the servlc~ilfty 01 the circuit may be Impaired. Func-
tional operability under any 01 these conditions Is not necessarily implied. 

2. VOUT = ±10V, RL = 2K. 

3. VCM = ±10V. 

4. Output current Is measured with VOUT. ±15V with VSUPPLY. ±18V. 
SlewRale 

5. Full power bandwidth Is guaranteed by equation: Full power bandwidth = 2 V ' V Peak = 10V 

6. Reier to Test Circuits section 01 the data sheet. It Peak 

7. Setlling time is measured to 0.01 % 01 final value lor a 10V output step, and Av = -10 lor HA-5111 and 0.01 % of final value lor a 10V output 
step, Av = -1 lor HA-51 01. 

8. See Thermal Constants in "Ole Characteristics" text. Maximum power dissipatlon, including output load, must be designed to maintain 
the maximum junction temperature below + 175°C for hermetic packages, and below +1 WOC lor the plastlc packages. 

9. Delta VSUPPLY = ±5V. 

10. The limits lor these parameters are guaranteed based on lab characterization, and reflect lot-to-Iot variation. 
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HA-5101, HA-S111 

Die Characteristics 
Transistor Count ..••••••..••..•..••••....••.•..• 54 
Die Dimensions ...••••••..••.••..•.. 69 x 69 x 19 mils 
(1800 x 1800 x 48011lTl) 
Substrate Potential· ...•.•..••••...•......•• V- or Float 
Process ................................. Bipolar 01 

• The Substrate may be left floating (Insulallng Die Mount) or it may 
be mounted on a conductor at V- potential. 

Test Circuits 

2kO 

IN O----IW_ ...... --1 >_>--....... ---0 OUT 

FIGURE 1. HA-5101 LARGE SIGNAL RESPONSE CIRCUIT 

OV I \ 
I \ 

'I " 

Ch. 1 = 2.5V1Div. 
Tlmebase = 200nsIDlv. 

FIGURE 3. HA-5111 LARGE SIGNAL TRANSIENT RESPONSE 

+5V 

/ " ~ ~ 
/ ~ 

OV 

Ch. 1 = 2.5V1DIv. 
Tlmebase = 1.00jlslDIv. 

FIGURE 5. HA-5101 LARGE SIGNAL TRANSIENT RESPONSE 

Thermal Constants fClW) 
HA2-5101/5111 (Can) •...••..•••• 
HA3-5101/5111 (PDIP) ....•...•.. 
HA4P5101 (PLCC) •.•........•.. 
HA7-5101/5111 (CDIP) ....••..•.• 
HA9P5101/5111 (SOIC) .•.•..••.• 

9JA 
114 
94 
74 
115 
157 

I OOUT 

~SOPF 

9JC 
35 
32 
33 
35 
43 

FIGURE 2. HA-5101 SMALL SIGNAL RESPONSE CIRCUIT 

-+200mV 
I 

OV 

-200mV --
Ch.1 = 100mVlDlv. 

Tlmebase = 100nsIDlv. 
FIGURE 4. HA-5111 SMALL SIGNAL TRANSIENT RESPONSE 

+100mV 
F 

I \.. 
\ 

OV 

-100mV 
J \. 

Ch. 1 = 50rnV 1D1v. 
Tlmebase = 100nsIDiv. 

FIGURE 6. HA-5101 SMALL SIGNAL TRANSIENT RESPONSE 
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HA-S101, HA-S111 

Test Circuits (Continued) 

IN 0-----1 >--...... ---4----0 OUT 

T SOpF 

2000 ~ 

FIGURE7. HA·5111 LARGE AND SMALL SIGNAL RESPONSE 
CIRCUIT 

Typical Performance Curves 
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\!7 
~ 6 

~ 
w \. 
~ 5 
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I\. "VOLTAGE 

l5 3 z 
!; 2 ... 
l!: 

o 
10 

\. r-
'~RENT 

100 1K 10K 
FREQUENCY (Hz) 

FIGURE 9. HA-5101/11 NOISE SPECTRUM 

PEAK-To-PEAK NOISE 0.1Hz TO 10Hz 
"'" = 25000 Vee = ±15V (2.25INP-P RTO) 

100K 

+15V 

2kn 

TO 
OSCILLOSCOPE 

2kn 

VOUT 

FIGURE 8. SETTLING TIME CIRCUIT 

• Ay = -1 (HA-5101), *Ay = -10 (HA·5111) 

• Feedback and summing resistors should be 0.1% 
matched. 

• Clipping diodes are optional, HP5082-2810 recom
mended. 

1500 

~ 
w 1000 

! 
~ 
~ 
~ 500 

o 

~ ~ 

/" 
V 

-50 ·25 o 25 50 75 

TEMPERATURE ("C) 

-

100 125 

FIGURE 10. OFFSET VOLTAGE VI TEMPERATURE 

PEAK-TO·PEAK TOTAL NOISE 0.1 Hz TO 1 MHz 
"'" = 25000, Vee = ±15V (12.89mVp-p RTO) 
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HA-5101, HA-5111 

Typical Performance Curves (Continued) 
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FIGURE 13. SLEW RATEIRISE TIME V8 TEMPERATURE 

3D 

20 

> -= 10 
I!J 
~ 0 

Iii 
~ ·10 
o 

'" 
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~ 

TA. +26"C, Vee. ±15V 

~ ...... r-..... I'--.. 

~ -- ~I"'" 

V 
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nME (SECONDS) 

FIGURE 15. INPUT OFFSET WARMUP DRIFTvl TIME (Normalizd 
To Zero Final Value) (Six RepresentatiVe Units) 
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FIGURE 12. INPUT BIAS CURRENT VI TEMPERATURE 
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FIGURE 14. OPEN-LOOP GAlNIPHASE va FREQUENCY 
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FIGURE 16. SUPPLY CURRENT va SUPPLY VOLTAGE 
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HA-5101, HA-5111 

Typical Performance Curves (Continued) 

VN 

(dB) 10M .-----...,..------r------, 
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lOOK ... 
z (100 ) w ... 
0 

10K 
(80)5 10 15 18 

SUPPLY VOLTAGE (±V) 

FIGURE17. DCOPEN-LOOPVOLTAGEGAINvsSUPPLYVOLTAGE 
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FIGURE 19. HA-5111 CLOSE[)'LOOP GAIN AND PHASE AT 
HIGH AND LOW TEMPERATURE (lVplcai Response 
of One Amplifier) 
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FIGURE 21. HA-5101 CLOSE[)'LOOP GAIN AND PHASE AT 
HIGH AND LOW TEMPERATURE ('TYpical Response 
Of One Amplifier) 
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FIGURE 18. SHORT CIRCUIT CURRENT va nME 
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FIGURE 20. HA-5111 CLOSE[)'LOOP VOLTAGE GAIN va 
FREQUENCY AT DIFFERENT CLOSE[)'LOOP GAINS 
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FIGURE 22. HA·5111 REJECTION RATIOS va FREQUENCY 
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HA-5101, HA-S111 

Typical Performance Curves (Continued) 
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FIGURE 23. HA-S101 CLOSE~OOP VOLTAGE GAIN \IS 
FREQUENCY AT DIFFERENT CLOSE[)'LOOP GAINS 
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FIGURE 25. HA-5111 SETTUNG WAVEFORM 50OnsID1V. 
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FIGURE 27. HA-5101 Vourvs RL 
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HA-S1 01, HA-S111 

Applications Information 
Operation At f:SV Supply 

The HA-5101/11 performs well at Vee = f:SV exhibiting typi
cal characteristics as listed below: 

Ice················ •••..•........ 3.7 rnA 
VtO ............................. 0.5 mV 
IBiAS ............................ 56 nA 
Avot. (Vo = ±3V) ...........•.....•. 106 kVN 
VOUT ···· ........................ 3.7 V 
lOUT···· ..•.....•................ 13 mA 
CMRR (II.VCM = ±2.5V) .............. 90 dB 
PSRR (AVce = 0.5V) ....••••....... 90 dB 
Unity Bandwidth (5101) ............. 10 MHz 
GBW(5111) .•....•••...•.•..... '. 100 MHz 
Slew Rate (5101) .................. 7 V/jlS 
Slew Rate (5111) ..•....••......... 40 V/jJS 

Offset Adjustment 

* The following is the recommended VtO adjust configuration: 

.~ 

* Proper decoupling is always recommended, O.II1F high quality 
capacitor should be at or very near the device's supply pins. 

Compensation 

An external compensation capacitor can be used with the 
HA-5111 connected between pin 8 and ground (or V-, V+ not 
Recommended). A plot of gain bandwidth product vs com
pensation capacitor has been included as a design aid. The 
capaCitor should be a high frequency type mounted near the 
device leads to minimize parasitics. 

11 1m IIIII 
1 W 100 300 

COMPENsAnoN CAPACITANCE (nF) 

Input Protection 

The HA-5101/11 has built-in back-to-back protection diodes 
which will limit the differential input voltage to approximately 
7V. If the 5101111 will be used in conditions where that volt
age may be exceeded, then current limiting resistors must 
be used. No more than 25mA should be allowed to flow in 
the HA-5101/11's input. 

Comparator Circuit 

2 

RUM 
3 

Choose RLIM Such That: 

Output Saturation 

v+ 

8 

V-

(II.VINMAX -7V) 
--..:.:..:.:..:.:.:..:=-=---- S; 2R 

25mA LIM 

When an op amp Is overdriven, output devices can saturate 
and sometimes take a long time to recover. Saturation can 
be avoided (sometimes) by using circuits such as: 

v+ 

v-
If saturation cannot be avoided the HA-5101/11 recovers 
from a 25% overdrive in about 6.51-1s (see photos). 

Top: Input 
Bottom: Output, 5v/Div., 2lJ.S1Div. 

IN 

OUT 

Output Is overdriven negative and recovers in 6jJS. 
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Features 
• Low Noise ••••••••••••••••••• 4.3nVNHZ 

• Wide Bandwidth •••• 8MHz (Compensated) 
60MHz (Uncompensated) 

• High Slew Rate ••••• 3V111S (Compensated) 
20Vl1J.8 (Uncompensated) 

• Low Offsat Voltage ••••••••••••••• O.SmV 

• Available In Duals or Quada 

Applications 

• High Q, Active Filters 

• Audio Amplifiers 

• Instrumentation Amplifiers 

• Integrators 

• Signal Generators 

• For Further Design Ideas, 
See Application Note 554 

HA-S102, HA-S104 
HA-S112, HA-S114 

~escription 

Low Noise, High Performance 
Operational Amplifiers 

Low noise and high performance are key words describing HA-51021041 
12114. These general purpose amplifiers offer an array of dynamic 
specifications ranging from a 3V/IJ.S slew rate and 8M Hz bandwidth 
(5102104) to 2OV/IJ.S slew rate and SOMHz gain-bandwidth-product 
(HA-5112114). Complementing these outstanding parameters is a very 
low noise specification of 4.3nVl...JHi at 1 kHz .. 

Fabricated using the Harris high frequency 01 process, these operational 
amplifiers also offer excellent input specifications such as a 0.5mV offset 
voltage and 30nA offset current. Complementing these specifications are 
10adB open loop gain and SOdB channel separation. Consuming a very 
modest amount of power (9OmWI package for duals and 150mW/pack
age for quads), HA-5102104112114 also provide 15mA of output current. 

This impressive combination of features make this series of amplifiers 
ideally suited for designs ranging from audiO amplifiers and active filters 
to the most demanding signal conditioning and instrumentation circuits. 

These operational amplifiers are available In dual or quad form with 
industry standard pinouts allowing for immediate inter-changeability with 
most other dual and quad operational amplifiers. 

HA-5102 Dual, Compo HA-5104 Quad, Compo 
HA-5112 Dual, Uncomp. HA-5114 Quad, Uncomp. 
Refer to the 1883 data sheet for military product. 

Pinouts (See Ordering Information on Next Page) 

HA-5102l5112 
(POIP, COIP) 
TOP VIEW 

OUT1~v. -IN 1 0UT2 

+IN 1 .-IN2 

Yo +1112 

HA-5102l5112 
(T0-99 METAL CAN) 

TOP VIEW 

~
v: 

0UT1 0UT2 

-IN1 2' 6 -INZ 

."1 3 + ... 

Yo 

HA-S102l5112 
(300 MIL SOIC) 

TOP VIEW 

HA-S102 
(PLCC) 

TOP VIEW 

!i! ~ !i! :: !i! 

NC 

0UT2 

NC 

-1HZ 
NC 

HA-5104l5114 (PDlP, CDlP) HA-5104l5114 (300 MIL SOIC) 

!il ~ !il , !il 
HA-Sl 0415114 (PLCC) 

TOP VIEW TOP VIEW 

OUT 1 OUT 4 

-IN 1 -IN 4 

+IN 1 oIN4 

v. II-

+lNZ oINa 

-IN 2 -IN I 

OUT 2 OUTS 

TOP VIEW 

OUT 1 

oINI 

oINl 

v. 
oINZ 

-IN 2 

OUT 2 

Ne 

OUT 4 

oIN4 

oIN4 

II-

oINa 

-INa 

OUT I 

NC 

..,.1 
Ne 

v. 
Ne 

+IN2 

CAUTION: These devices are sensRIve to el_tIc discharge. Users should follow proper I.C. Handling Procedures. 

Copyright e Harris Corporation 1993 
2-490 

~ § !il § ~ 

-NC 

II

NC -
File Number 2925.1 



HA-5102, HA-5104, HA-5112, HA-5114 

Ordering Information 

PART TEMPERATURE PART TEMPERATURE 
NUMBER RANGE PACKAGE NUMBER RANGE PACKAGE 

HA2-S102-2 -SSoC to + 12S"O 8 Pin Can HA2-S112-2 -S5"C to + 12SoC 8 Pin Can 

HA2-S102-S 0"0 to +7S"O 8 PinCsn HA2-S112-5 O"C to +7S"O 8 Pin Can 

HA3-S102-S O"C to +7S"O 8 Lead Plastic DIP HA3-S112-S O"C to +7S"O 8 Lead Plastic 01 P 

HA4PS102-S O"C to +7SoC 20 Lead PLCC HA7-S112-2 -s5"C to +12SoC 8 Lead Ceramic DIP 

HA7-S102-2 -SSoC to + 12S"O 8 Lead Ceramic DIP HA7-S112-5 O"C to +7S"O 8 Lead Ceramic DIP 

HA7-S102-5 0"0 to +7S"O 8 Lead Ceramic DIP HA9PSl12-S O"C to +7S"O 16 Lead Widebody SOIC 

HA9PS102-S Ooc to +7S"O 16 Lead Wldebody SOIC HA9PSl12-9 -40°C to +65"C 16 Lead Widebody SOIC 

HA9PS102-9 -4O"C to +65"C 16 Lead Wldebody SOIC HA1-Sll4-2 -S5"C to + 12SoC 14 Lead Ceramic DIP 

HA1-S104-2 -Ssoc to + 12S"O 14 Lead Ceramic DIP HA1-Sll4-5 O"C to +7S"O 14 Lead Ceramic DIP 

HA1-S104-5 O"C to +7S"O 14 Lead Ceramic DIP HA3-S114-S ooC to +7S"O 14 Lead Plastic DIP 

HA3-S104-S O"C to +7S"O 14 Lead Plastic DIP HA4PSll4-S O"C to +7SoC 20 Lead PLCC 

HA4PS104-S O"C to +7S"O 20 Lead PLCC HA9PSll4-S O"C to +7S"O 16 Lead Wldebody SOIC 

HA9PS104-S O"C to +7S"O 16 Lead Wldebody SOIC HA9PSll4-9 -4O"C to +6SoC 16 Lead Wldebody SOIC 

HA9PS104-9 -4O"C to +65"C 16 Lead Widebody SOIC 

Simplified Schematic 

t: 
... 

OUTPUT 

" 
c 

+INPUT -INPUT 
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Specifications HA-5102, HA-5104, HA-5112, HA-5114 

Absolute Maximum Ratings (Note 1) 

TA = +25"C, Unless Otherwise Stated 
Supply Voltage Between V+ and V- Terminals •••..•.••.... 40.0V 
Differential Input Voltage ...••••••••••••••••••••.•••••••. 7V 
InputVoHage (Note 2) ...••.•....••.•.•..•••....••.•....• ±15V 
Output Short Circuit Duration (Note 3) .••.•••••..••••. Indefinite 
Junction Temperature (Note 4) •..•...••..•••••...•••• +1750C 
Junction Temperature (Plastic Package) ..••••...•••••. +15O"C 
Lead Temperature (Soldering 10 Sec.) .......••........ +300"C 

Operating Conditions 
Operating Temperature Ranges 
HA-5102l51041511215114-2 ••.•••••..•...• -55"C S TA S +125°C 
HA-5102151041511215114-5 •••.••••••••.•••• O"C S TA S +75"C 
HA-5102l51041511215114-9 ••••••••..•••••• -4O"C S TA S +85°C 
Storage Temperature Range •...••••..•.... -65"C STAS +15O"C 

CAUTION: SIrfIssBs above thoss Usted In "Absolute Maximum Ratings" may cause permanent damage to the devies. This is a stress only rating and operalion 
of the dellies at these or any other conditions abo1/8 those Indicated in the Qperalionaf sect/ons of this speciflcalion is not ifTJ'fied. 

Electrical Specifications v+ = 15V D.C., V- = -1SV D.C., Unless Otherwise Specified 

HA-S102-2, -S HA-51 04-2, -5 HA-S102-9 HA-5104-9 
HA-5112-2, -5 HA-5114-2, -5 HA-5112-9 HA-5114-9 

PARAMETER TEMP MIN TYP I MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +2SoC - O.S 2.0 - 0.5 2.5 - 0.5 2.0 - 0.5 2.5 mV 

Full - - 2.5 - - 3.0 - - 2.5 - - 3.0 mV 

Offset Voltage Average Drift Full - 3 - - 3 - - 3 - - 3 - Jl.Vf'C 

Bias Current +25°C - 130 200 - 130 200 - 130 200 - 130 200 nA 

Full - - 325 - - 325 - - 500 - - 500 nA 

Offset Current +25°C - 30 75 - 30 75 - 30 75 - 30 75 nA 

Full - - 125 - - 125 - - 125 - - 125 nA 

Input Resistance +25°C - SOD - - 500 - - 500 - - 500 - kn 

Common Mode Range Full ±12 - - ±12 - - ±12 - - ±12 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) +25°C 100 250 - 100 250 - 60 250 - 60 250 - kVN 

Full 100 - - 100 - - 80 - - 60 - - kVN 

Common Mode Rejection Ratio Full 66 95 - 66 95 - 60 95 - 60 95 - dB 
(Note 6) 

Small Signal Bandwidth 

HA-5102l5104 (Av = 1) +25OC - 8 - - 8 - - 8 - - 8 - MHz 

Gain Bandwidth Product 

HA-511215114 (Av = 10) +25°C - 60 - - 60 - - 60 - - 60 - MHz 

Channel Separation (Note 7) +25OC - 60 - - 60 - - 60 - - 60 - dB 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

(RL=10kn) Full ±12 ±13 - ±12 ±13 - ±12 ±13 - ±12 ±13 - V 

(RL= 2kn) Full ±10 ±12 - .±10 ±12 - ±10 ±12 - ±10 ±12 - V 

Output Current (Note 8) Full ±10 ±15 - ±10 ±15 - ±7 ±15 - ±7 ±15 - mA 

Full Power ~ndwidth (Note 9) 

HA-51 02151 04 +25OC 16 47 . 16 47 - 16 47 - 16 47 - kHz 

HA-511215114 +25°C 191 318 - 191 318 - 191 318 - 191 318 - kHz 

Output Resistance +25°C - 110 - - 110 - - 110 - - 110 - n 
STABILITY 

Minimum Stable Closed Loop Gain 

HA-51 02151 04 Full 1 - - 1 - - 1 - - 1 - - VN 

HA-511215114 Full 10 - - 10 - - 10 - - 10 - - VN 
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Specifications HA-5102, HA-5104, HA-5112, HA-5114 

Electrical Specifications V+ = 15V D.C., V- = -15V D.C., Unless Otherwise Specified (Continued) 

HA-5102-2, -5 HA-51 04-2, -5 HA-5102-9 HA-51 04-9 
HA-5112-2, -5 HA-5114-2, -5 HA-5112·9 HA·5114·9 

PARAMETER TEMP MIN ITVP MAX MIN TVP MAX MIN TVP MAX MIN TYP I MAX UNITS 

TRANSIENT RESPONSE (Note 10) 

Rise Time 

HA-51 02/51 04 +25°C - lOS 200 - lOS 200 - lOS 200 - 108 200 ns 

HA-5112/5114 +25OC - 48 100 - 48 100 - 48 100 - 48 100 ns 

Overshoot 

HA-51 02/51 04 +25OC - 20 35 - 20 35 - 20 35 - 20 35 % 

HA-5112/5114 +25OC - 30 40 - 30 40 - 30 40 - 30 40 % 

Slew Rate 

HA-51 02/51 04 +25°C 1 3 - 1 3 - 1 3 - 1 3 - VlIJ1J 

HA-5112/5114 +25OC 12 20 - 12 20 - 12 20 - 12 20 - VlIJ1J 

SetHing Time (Note 11) 

HA-51 02/51 04 +25OC - 4.5 - - 4.5 - - 4.5 - - 4.5 - IJ1J 
HA-5112/5114 +25°C - 0.6 - - 0.6 - - 0.6 - - 0.6 - IJ1J 

NOISE CHARACTERISTICS (Note 12) 

Input Noise VoRage 

1= 10Hz +25°C - 9 25 - 9 25 - 9 25 - 9 25 nVNHz 

1= 1kHz +25OC - 4.3 6.0 - 4.3 6.0 - 4.3 6.0 - 4.3 6.0 nVl.fHz 

Input Noise Current 

I = 10Hz +25°C - 5.1 15 - 5.1 15 - 5.1 15 - 5.1 15 pANHz 

1= 1kHz +25OC - 0.57 3 - 0.57 3 - 0.57 3 - 0.57 3 pANHz 

Broadband Noise Voltage 

I = DC to 30kHz +25°C - 870 - - 870 - - 870 - - 870 - nVRMS 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25OC - 3.0 5.0 - 5.0 6.5 - 3.0 5.0 - 5.0 6.5 rnA 

Power Supply Rejection Ratio Full 86 100 - 86 100 - 80 100 - 80 100 - dB 
(Note 6) 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func-
tional operability under any 01 these conditions Is not necessarily Implied. 

2. For supply voltages < ±15V, the absolute maximum input voltage Is equal to the supply voRage. 

3. Anyone amplifier may be shorted to ground Indefinitely. 

4. See thermal constants In "Ole Characteristics" section. Maximum power dissipation, Including output load, must be designed to maintain 
the maximum junction temperature below +175°C lor hermetic packages, and below + 15O"C lor plastic packages. 

5. Your = ±10V, RL = 2kn 

6. VcM =±5.0V. 

7. Channel separation value Is relerred to the input 01 the amplifier. Input test conditions are: 1= 10kHz; VIN = 100mV peak; Rs = 1 kG. (Refer 
to Channel Separation vs. Frequency Curve for test circuits.). 

S. Output current Is measured with Your = ±5V. . Slew Rate 
9. Full power bandwidth Is guaranteed by equation: Full power bandWidth = 2 V • 

1t PEAK 
10. Refer to Test Circuits section of the data sheet. 

11. Settling time Is measured to 0.1 % of final value for a 1 volt input step, and ""' = -10 for HA-511215114, and a 10V input step, ""' = -1 for 
HA-51 02/51 04. 

12. The limits for these parameters are guaranteed besed on lab characterization, and reflect lot-to-Iot variation. 
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HA-5102, HA-5104, HA-5112, HA-5114 

Die Characteristics 
Transistor Count 

HA-510215112 .••...•...•••••••.••..••.••..... 93 
HA-510415114 .•....•..•.••..•••••..••..•.... 175 

Die Dimensions 
HA-510215112 ••..•.•.•••.••••• 98.4 x 67.3 x 19 mils 

(2500 x 1710 x 480jJ1Tl) 
HA-5104l5114 ..•..•........... 99.6 x 95.3 x 19 mils 

(2530 x 2420 x 480jJ1TI) 
Substrate Potential" ••...•..••..•.•..•....•..•••.. v-
Process ......•.•••.•.....•..•••..••.••.. Bipolar-DI 
Passivation .........•...•••...•......•••.... Nitride 

• The substrate may be left floating (Insulating Die Mount) or R may 
be mounted on a conductor at V- potential. 

Test Circuits 

Thermal Constants fClW) 
HA2-510215112 (CAN) .................... .. 
HA3-510215112 (PDIP) ................... .. 
HA4P5102 (PLCC) .......................... .. 
HA7-510215112 (CDIP) .................... . 
HA9P510215112 (SOIC) .................. .. 
HA1-5104l5114 (CDIP) .................... . 
HA3-5104l5114 (PDIP) .................... . 
HA4P510415114 (PLCC) .................. . 
HA9P510415114 (SOIC) .................. .. 

HA-5102, HA5104 

2kQ 
IN O--M.---06--t 

OU;PUT h , +IV 

INPUT I~ 
OY 200mY 

j 

/ \ 
II , !/ 

V 
U) 

+5V 

OY 

OY 

8"" 
108 
92 
74 
114 
112 
71 
86 
74 
96 

FIGURE 1. LARGE SIGNAL RESPONSE CIRCUIT 
Volts: 5VIDlv., Time: 5j1S1Div. (~= -1) 

FIGURE 2. SMALL SIGNAL RESPONSE CIRCUIT 
Volts: 4OmVlDiv., Time: 50ns/Div. (~ = +1) 
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HA-5102, HA-5104, HA-5112, HA-5114 

Test Circuits (Continued) 

HA-5112. HA5114 

+O.5V 
~UTPJrB 1/\ 

~ 
OV 200mV 

INPUT A ..().5V 

INPUT A 
I 
J 

l /' 

1 ~ 

~ 1\ 
OUTPUTB 

+5V 

OV OV 

-5V 

Volls: Input A: O.Sv/Div •• Output B: Sv/Div. nme: 5OnS/Div. Volts: Input A: 0.01V/Div •• Output B: SOmVlDiv. nme: SOnslDiv. 

INo----~ >-_---..... ---0 OUT 

1.8kn 

FIGURE 3. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 
(Ay=+10) 

2kn 

+15V 

TO 
OSCILLOSCOPE 

>--+--<10--0 Vour 

• Ay = -1 (HA-5102/51 04). 'Av = -10 (HA-5112/5114) 

• Feedback and summing resistors should be 0.1 % matched. 

• Clipping diodes are optional. HP5082-2810 recommended. 

FIGURE 4. SEnLiNG TIME CIRCUIT 
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HA-5102, HA-5104, HA-5112, HA-5114 

Typical Performance Curves 

15~--------------r---------------' 

Vee = ±15V, TA" +25"c 

~ 10~--~~~------~--------------i .s. 
w 

~ g 
I 5t---==~--;;:;:;F=::====3 

:;-

oL-----__________ L-____________ ~ 

10 100 
FREQUENCY (Hz) 

FIGURE 5. INPUT NOISE VOLTAGE DENSITY 

FIGURE 7. 0.1 Hz TO 10Hz NOISE 
Vee = ±15V, TA = +25"C, 5OpV/DIv., 1s/D1v., It.., = 1000VN 

Input Noise = O.232IlVp.p 

1K 

:1.5 Ivleell=I~lwllllll!l!lIlIl!l!l1!1I1I1I1 ~ 
~ Iii 1.0 

~ ~ ~5~:l:t~~t:E3~:t:t~l:t:~:l:t~ 

~ ~~~~~~~~~~~~~~~~~ oE 
.. 0 -40 -20 0 20 40 80 80 100 120 

TEMPERATURE ("C) 

FIGURE 9. VIO V8 TEMPERATURE 

i .e. 
!Z 
w 
II: 
II: 
;:) 
U 
w 
<II 
is z 

10 
Vee = ±15Y, TA" +25"c 

5.0 

1.0 

0.5 

10 100 
FREQUENCY (Hz) 

FIGURE 6. INPUT NOISE CURRENT DENSITY 

FIGURE 8. 0.1 Hz TO 1MHz NOISE 

1000 

Vee = ±15V, TA = +25"0, SOOIlVIDIv., 1S/DIv., It.., = 1000VN 
Total Output Noise = 2.075IlVp.p 

o~~~~~~~~~~~~~~~~ 

o 2 4 I 8 10 12 14 11 18 

SUPPLY VOLTAGE (tV) 

FIGURE 10. VIO V8 Vee 
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HA-5102, HA-5104, HA-5112, HA-5114 

Typical Performance Curves (Continued) 

4 
2 
o 

1 -2 

Ii ~ 
II! .. 
B -10 
Iii -12 
f!! -14 
C5 -16 
5 -18 
~-20 
- -22 

-24 
-2& 

Vel; = ±15V 

.,.. 

'" ....... 

-80 -40 -20 0 20 40 80 80 100 120 
TEMPERATURE ("C) 

FIGURE 11. 110 va TEMPERATURE 

5 
Vel; = ±15V,1ouT = 0 .. 
I--i---~ 

o 
-80 -40 -20 0 20 40 80 80 100 120 

TEMPERATURE ("C) 

FIGURE 13. Icc va TEMPERATURE (HA-5104l14) 

5 
Vel; = ±15V,INo" t10V, RL" 2K 

.",.~ 

---~ ~~ "",,,,,, i-' 

........ .... ..... 

o 
-80 -40 -20 0 20 40 80 80 100 120 

TEMPERATURE ("C) 

FIGURE 15. AwL va TEMPERATURE 
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100 

10 

i 80 

- 70 i II! 60 

8 50 
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i 30 
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10 

o 

Vel; = ±15V 

r-. 
I'~ 

1""' .... .... ........ 
1'--.. 

r- -I-

-80 -40 -20 0 20 40 80 10 100 120 

TEMPERATURE ("C) 

FIGURE 12. ISlAS va TEMPERATURE 

5 TA = +2S"C,loUT = 0 

! 4 ~~~-;-+-;-+-+-+-r~~+-~+-+-~ 
!;; 
w 
1I!3~~~-;-+-;-+-+-+-r~~+-~+-+-~ 
B 
~ I_~~~~~~~=t=t~~+=~+-t-~ t 2 l-
i 

~ 1 H--H-+-+-+-HI-+++-H-+++-H 

J 
0 
c 
z 
or 
c:I 
w 

! 
'-' 
§! ... 
0 
9 
z w 
~ 

5.5 

5.0 

4.0 

3.0 

2 4 6 8 10 12 14 
SUPPLY VOLTAGE (tV) 

FIGURE 14. Iel; va Vee (HA-51 02112) 

Vo. t10V, Vee" t15V, I 
TA a+25"C -:;p ........ 
~ +ZS"c -............. .........-
~ 

-ss°c --~ 
2.0 

1K 2K 4K 6K 

LOAD RESISTANCE (0) 

FIGURE 16. AvoL vs LOAD RESISTANCE 
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8K 10K 



HA-5102, HA-5104, HA-5112, HA-5114 

Typical Performance Curves (Continued) 

210 
280 
270 
280 

;E'280 
~240 

iE 
~aoo 
... 180 
ilj,80 
~ 170 

1iiii 
150 
140 
130 

TA • +26"c, RL _ 2K 

'" 

II 

II 

o 2 4 • • 10 12 14 1. 18 
SUPPLY VOLTAGE (tV) 

FIGURE 17. AvoL va Vee 

Vee = ±15V, TA - +25"C 

" ........... roo- VOUT--15V 

~ """-
VOUT-+15V 

20 
o 50 100 150 200 250 300 350 400 450 

TIME (SECONDS) 

FIGURE 19. OUTPUT SHORT CIRCUIT CURRENT va nME 

0 

iii 
:!. -20 z 
0 

~ -40 , 
w 
a: 

A 

~ 
~ 
t ..a 
::) 
II) 

+PSRR 

~ ~ 
a: 

~ ..a V -PSRR 
i-' .,,-

",-
-100 

1K 10K 100K 1M 
FREQUENCY (Hz) 

FIGURE 21. PSRR va FREQUENCY 

13 
12 
11 

~10 -. 
~ 
IE • II) 7 

I : 
i : 

2 

1 

o 

TA • +Wc, RL .; 2K 

II" 
II" 

~ 

/ 
/ 

/ 

o 2 4 • • 10 12 14 1. 1. 
SUPPLY VOLTAGE (±V) 

FIGURE 18. VOUTva Vee 

o 
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., 

~ 

-'" 
, 

-100 
1K 10K 100K 1111 
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FIGURE 20. CMRR va FREQUENCY 

0 

iii .. . 
:!. ! .. 
w 

! -12 '-' 
§! 

-18 

-24 
10K 100K 1M 
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FIGURE 22. HA-5104102 UNITY GAIN FREQUENCY RESPONSE 
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HA-5102, HA-5104, HA-5112, HA-5114 

Typical Performance Curves (Continued) 

25 

20 

15 

iii' 10 
~ 
Z 5 
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~ -6 

~ -10 

-15 

-20 

-25 
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FIGURE 23. HA·5112114 FREOUENCY RESPONSE 

10 
Vcc. ±1SY, TA .+lISoC, RL-2k.O 

/ 10 

/ 
/ 

/' 

/ 

----/' 
10 

o 
10 100 1K 10K 

LOAD CAPACITANCE (PF) 

FIGURE 25. SMAU SIGNAL OVERSHOOT vs Culm 

~i'o 
~ 

F 
~ 0.8 

i 
0.7 

0.6 

100 
iii' v CC • ±15V, TA • +25"C, 
~IO 
Z 

~ 60 ... 
40 

~ 
~ 20 

0 

1' .... .... RL • 2Ica, CL - SOpF 

HA-61 02/51 04 ~ .... .... 
GAIN .... ~ 

HA-511215114 ... 1'-0 GAIN 

I 1111 I r-

" ~ 
HA-51121&114 
PHASE 

H~'02l5'04 .... 
PHASE f\ 
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FIGURE 24. OPEN LOOP GAIN vs FREOUENCY 

1.1 
RL '" 21ea, CL. SOpF, V CC • ±15V 
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Features 
• High Speed ••••• 0 •••••• 0 ••••• 0.0 ••• 00.0 •• 10V/I18 

• Wide Unity Gain Bandwidth ••• 0 ••••• 0 0 •••• o8.5MHz 

• Low Noise .. 0 • 0 • 0 0 • 0 0 •• 0 0 0 0 .... 0 0 3nvtv'Hi at 1 kHz 

• Low Vos 0 ••••• 0 ••••••••••••••••••• 0 ••••••• 10IJ.V 

• High CMRRo 0.0.000 •••• 0000 .... 0 0 ... 0 0 0.0 .126dB 

• High Gain ........................... 0 1800VlmV 

Applications 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 

• PuiselRF Amplifiers 

Ordering Information 

PART NUMBER 

HA2·5127-2 

HA2-5127-5 

HA2-5127A-2 

HA2-5127A-5 

HA3-5127 A-5 

HA7-5127-2 

HA7-5127-5 

HA7-5127A-2 

HA7-5127A-5 

HA9P5127-5 

Pinouts 

TEMPERATURE 
RANGE 

-55"0 to + 125"C 

O"C to +75"C 

-5500 to + 125"C 

O"C to +75"C 

O"C to +75"0 

-550C to +125"C 

O"C to +75°C 

-55°C to + 125°C 

O"C to +75°C 

0"0 to +75OC 

HA-5127 
(TO-99 METAL CAN) 

TOP VIEW 

BAL 

4 
V-(CASE) 

PACKAGE 

8 Pin CAN 

8 Pin CAN 

8. Pin CAN 

8 Pin CAN 

8 Lead Plastic DIP 

8 Lead Ceramic DIP 

8 Lead Ceramic DIP 

8 Lead Ceramic DIP 

8 Lead Ceramic DIP 

8 LeadSOIC 

Description 

HA-5127 
Ultra-Low Noise Precision 

Operational Amplifier 

The HA-S127 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. technol
ogy and advanced processillil. techniques, this unique 
design unites low noise (3nVl'i'Hz) precision instrumentation 
performance with high speed (10VllJ.s) wideband capability. 

This amplifier's impressive list of features include low Vos 
(10IJ.V), wide unity gain-bandwidth (8.SMHz), high open loop 
gain (1800V/mV), and high CMRR (126dB). Additionally, this 
flexible device operates over a wide supply range (±5V to 
±20V) while consuming only 140mW of power. 

Using the HA-S127 allows designers to minimize errors while 
maximizing speed and bandwidth. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-S127's qualities include instrumentation amplifiers, pulse 
amplifiers, audio preamplifiers, and signal conditioning cir
cuits. This device can easily be used as a design enhance
ment by directly replacing the 72S, OP2S, OPOS, OP07, 
OP27 and OP37. For the military grade product, refer to the 
HA-S127/883 data sheet. 

HA-5127 
(PDIP, CDIP, SOIC) 

TOP VIEW 

BAL88BAL -IN 2 _ 7V+ 

+IN 3 6 OUT 

y.4 SNe 

CAUTION: These dill/ices are sensltlva to electrostatic discharge. Usars should follow proper I.C. Handling Procedures. File Number 2906.1 
Copyright @ Harris Corporation 1993 

2-Soo 



Specifications HA-S127, HA-S127 A 

Absolute Maximum Ratings (Note 1) 

Til = +25"C Unless Otherwise Sta1ed 

Operating Conditions 

Operating Temperature Range 
Supply Voltage Between V+ and V- Terminals ••••••.•.••••• 44V 
Differenliallnput Voltage (Note 2) ..•••••••••••.•..••..•.. 0.7V 
Output Current . . • . . . • . • • . • • • • • • •• Full Short Circuit Protection 
Junction Temperature (Note 13). • • • • • . • • • • • • • . • • . • . •• + 175°C 
Junction Temperature (Plastic Package) •.••.•••••••.•• +15O"C 

HA-5127I27A-2 ..•.•.••.•.••••....•••. -55"C "Til" +1250 C 
HA5127I27A-5 .•••..•••••.••...•.••••.•• O"C" Til" +75"C 

Storage Temperature Range .•.••...••.•••. -65"C" Til" +15O"C 

Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3OO"C 

CAUTION: Strssses abowt thos8 Hstsd In "Abso/utB Maximum Ratings" may cause permanent damage to the davlce. This is 8 strsss only ta!ing and op8tatJon 
of the device at these or any other condllions abtMIlhose lndlcaled In the opatalloneJ sections of /his specification Is nolIITfJUed. 

Electrical Specifications v+ = 15V. v- = -15V. cL < 5OpF, Rs < loon 

HA-5127A HA-5127 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 10 25 - 30 100 IlV 

Full - 30 60 - 70 300 IlV 

Average Offset Voltage Drift Full - 0.2 0.6 - 0.4 1.8 IlV/"C 

Bias Current +25"C - ±10 ±40 - ±15 ±ao nA 

Full - ±20 t60 - ±35 ±150 nA 

Offset Current +25OC - 7 35 - 12 75 nA 

Full - 15 50 - 30 135 nA 

Common Mode Range Full ±10.3 ±11.5 - ±10.3 ±11.5 - V 

Differential Input Resistance (Note 3) +25OC 1.5 6 - 0.8 4 - Me 

Input Noise Voltage 0.1 Hz to 10Hz +25"C - 0.08 0.18 - 0.09 0.25 IlVp.p 
(Note 4) 

Input Noise Voltage Density (Note 5) 

f= 10Hz +25°C - 3.5 5.5 - 3.8 8.0 nVNHz 

f = 100Hz - 3.1 4.5 - 3.3 5.6 nVNHz 

f= 1000Hz - 3.0 3.8 - 3.2 4.5 nVNHz 

Input Noise Current Density (Note 5) 

f=10Hz +25°C - 1.7 4.0 - 1.7 - pANHz 

f = 100Hz - 1.0 2.3 - 1.0 - pANHz 

f= 1000Hz - 0.4 0.6 - 0.4 0.6 pANHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 6) +25"C 1000 1800 - 700 1500 - VlmV 

Full 600 1200 - 300 800 - VlmV 

Common Mode Rejection Ratio (Note 7) Full 114 126 - 100 120 - dB 

Minimum Stable Gain +25"C 1 - - 1 - - VN 

Unity-Galn-Bandwldth +25OC 5 8.5 - 5 8.5 - MHz 

OUTPUT CHARACTERISTICS 

Oulput Voltage Swing 

RL=60on +25OC ±10.0 ±11.5 - t10.0 ±11.5 - V 

RL=2kn Full ±11.7 ±13.8 - ±11.5 ±13.5 - V 
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Specifications HA-5127, HA-5127A 

Electrical Specifications V+ = 15V, V· = -15V, cL < 5OpF, Rs < 1000 (Continued) 

HA-5127A HA-5127 

PARAMETER TEMP MIN TYP MAX MIN TVP MAX UNrrs 

Full Power Bandwidth (Note 8) +25"C 111 160 - 111 160 - kHz 

Output Resistance, Open Loop +25"C - 70 - - 70 - n 

Output Current +25"C 16.5 25 - 16.5 25 - mA 

TRANSIENT RESPONSE (Note 9) 

Rise TIme +25"C - - 150 - - 150 ns 

Slew Rate (Note 11) +25°C 7 10 - 7 10 - V/jJi5 
.-~. 

Settling TIme (Note 10) +25OC - 1.5 - - 1.5 - jJi5 

Overshoot +25"C - 20 40 - 20 40 % 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25OC - 3.5 - - 3.5 - mA 

Full - - 4.0 - - 4.0 rnA 

Power Supply Rejection Ralio (Note 12) Full - 2 4 - 16 51 ~VN 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func-
tional operability under any of these conditions Is not necessarily Implied. 

2. For differential input voltages greater than O.7V, the input current must be limited to 25rnA to protect the back-to-back input diodes. 

3. This paramater value Is based upon deSign calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. The limits for this paramater are guaranteed based on lab characterization, and reflect lot-to-Iot variation. 
6. VOUT =±10V,RL =2kn 

7. VcM =±10V Slew Rate 
8. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = 21CV • 

9. Refer to Test Circuits section of the data sheet. PEAK 

10. SeWing tlma is specified to 0.1%offinal value for a 10V output step and Av= -1. 

11. VOUT= 10V Step 
12. Vs =±4.5Vto±18V 

13. See Thermal Constants in "Ole Characteristics" section. 

Die Characteristics 
TranSistor Count. . . . • . . • . • . • . • • • • • • • . • • • • • • . • . . • . . • • •. 63 
Die Dimensions ........................ 65 x 104.3 x 19 mils 

(1700~m x 2600~ x 480~m) 

Substrate Potential" .................................... v-
Process ...•.••••.••••............•••••••••••.• Bipolar-DI 

• The substrate may be left floating (Insulatlng Ole Mount) or It may 
be mounted on a conductor at v- potential. 

Thermal Constants ("CIW) 9JA 
Ceramic Mini-DiP ..................... 114 
1'0-99 Metal Can ...................... 108 
Plastic DIP ........................... 92 
SOIC •.••.....••.•••••...•••.•..•••• 157 
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HA-5127, HA5127A 

Test Circuits 

IN 

OUT 

IN >-..... - .... -OUT 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUITS 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 0.5VlDlv.) 

(Output = 5V1Div.) 
Horizontal Scale: (TIme = 1 jlSlDiv.) 

&kn 

2kn 

2kn 

>-+...,...---0 VOUT 
-;. SOpF 

IN 

OUT 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: 100mVlDiv.) 

Horizontal Scale: (200nslDiv.) 

• Av =-1 
• Feedback and summing resistors 

should be 0.1% matched. 

• Clipping diodes are optional. 
HP5082-2810 recommended. 

FIGURE 2. SETTUNG TIME TEST CIRCUIT 
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HA-5127, HA-5127A 

Typical Performance Curves Unless Otherwise Specified: T" = +250C. VSUPPlY = ±15V 
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FIGURE 4. NOISE CHARACTERISTICS 
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HA-5127, HA-5127A 

Typical Performance Curves Unless Otherwise Specified: TA = +25"C. VSUPPLY = ±15V (Continued) 
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HA-5127, HA-5127A 

Typical Performance Curves Unless Otherwise Specified: TA = +25OC, VSUPPLY = ±15V (Continued) 
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HA-5127, HA-5127A 

Application Information 

V+ 

Tested Offset Adjustment Range Is IV os + 1 mVI minimum referred to output. Typical range is ±4mV with Rr = 10kn. 

FIGURE 20. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

Low resistances are preferred i)r low noise applications as a 11<0 resistor has 4nVrIHZ 0I1hermai noise. Total resistances 01 greater than 101<0 on 
eIIher Input can reduce stablity. In most high resistance applications, a few picofarads 01 capacitance across 1he feedback resistor will Improve stability. 

FIGURE 21. SUGGESTED STABILITY CIRCUITS 
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HA-5130, HA-5135 

April 1993 

Features 

• Low Offset Voltage •••••••••••••••••••••• 251LV Max 
• Low Offset Voltage Drift •••••••••••••••••• O.4I1V/"C 
• Low Noise •••••••••••••••••••••••••••••• 9nV/;IH'i 
• OpenLoopGaln ••••••••••••••••••••••••••• 140dB 
• Unity Gain Bandwidth ••••••••••••••••••••• 2.SMHz 
• All Bipolar Construction 

Applications 
• High Gain Instrumentation 
• Precision Data Acquisition 
• Precision Integrators 
• Biomedical Amplifiers 
• Precision Threshold Datectors 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

HA2-S130-2 -5S"C 10 +12SoC 8 Pin Can 

HA2-S130-S ooC 10 +75"C 8 Pin Can 

HA2-S135-2 -55"C 10 +12SoC 8 Pin Can 

HA2-S135-5 OOCto+7SoC 8 Pin Can 

HA7-S130-2 -5SoC 10 +12SoC 8 Lead Ceramic DIP 

HA7-S130-5 ooCto+7SoC 8 Lead Ceramic DIP 

HA7-S13S-2 -SS"C to + 125"C 8 Lead Ceramic DIP 

HA7-S13S-S ooClo +7SoC 8 Lead Ceramic DIP 

Pinouts Schematic Diagram 
HA-5130J5135 (CDIP) 

TOP VIEW 

BAL88 BALI 
-IN 2 _ 7y+ 

+IN 3 6 OUT 

y_4 SBALI 

HA-5130J5135 (1"0-99 CAN) 
TOP VIEW 

BALI 

y. 

(Both BAL 1 pins are connected 
together Internally) 

Precision Operational Amplifiers 

Description 

The Harris HA-513015135 are precIsIon operational 
amplifiers manufactured using a combination of key 
technological advancements to provide outstanding input 
characteristics . 

A Super Beta input stage is combined with laser trimming. 
dielectric isolation and matching techniques to produce 
2511V (Maximum) input offset voltage and O.4I1VI"C input off
set voltage average drift. Other features enhanced by this 
process inch,lde 9nVl;lH'i (Typ.) Input Noise Voltage. 1 nA 
Input Bias Current and 140dB Open Loop Gain. 

These features coupled with 120dB CMRR and PSRR make 
HA-5130/5135 an ideal device for precision DC 
instrumentation amplifiers. Excellent input characteristics in 
conjunction with 2.5MHz bandwidth and O.8V1J1S slew rate. 
make this amplifier extremely useful for precision integrator 
and biomedical amplifier designs. These amplifiers are also 
well suited for precision data acquisition and for accurate 
threshold detector applications. 

HA-5130/5135 offers added features over the industry 
standard OP-07 in regards to bandwidth and slew rate 
specifications. For the military grade product. refer to the 
HA-5135/883 dala sheet. 

CAUTION: These devices are sensHiw to electrostatic discharge. Users should follow proper I.C. Handling Prccedurae. File Number 2907.1 
Copyright@ Harris Corporation 1993 
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Specifications HA-5130, HA-5135 

Absolute Maximum Ratings 
T" = +25"C Unless OtherwIse Stated 
Voltage Between V+ and V- Terminals .•••.••••.•.••••••• 4O.0V 
Differential Input Voltage •••.•••••.••.••••••••.•••••••••. 7V 
Output Short Circuit Duration ••••••••••••••••••••••• Indefinite 
Junction Temperature (Note 1). • • • • • . • . • • • • . • • • • • • • • • + 175"C 
Lead Temperature (Soldering 10 Sec.) ..•••••••••••••..• 300"C 

Operating Conditions 
Operating Temperature Ranges 

HA-513015135-2 ...................... -55"C lO T" lO +l25°C 
HA-513015135-5 ........................ 0"C'lOT"lO+75°C 

Storage Temperature Range •...••••••.•••• -65"C lO T" lO + 15O"C 
Thermal Resistance ("CIW) 9JA 9JC 

Ceramic DIP Package .. .. • .. • .. .. • .. 113 34 
TO-99 Metal Can . .. • .. • . . .. . .. .. .. • lOB 33 

CAUTION: S/ressss &bow those listed In 'Absolute Max/mwn Ratings" may cause p6fmanant damage to the davfce. This Is a slr8ss only tatlng and opetation 
of the dtwIcs at IhBss or any other conditions &bow those Indlcatsd in the opetational sections of this speclffcation Is not ImpHed. 

Electrical Specifications V+ = +15V, v- = -15V 

HA-513c)'2J..5 HA-5135-21-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNrrs 

INPUTCHARACTERISnCS 

Offset Voltage +25OC - 10 25 - 10 75 I1V 

Full - 50 60 - 50 130 I1V 

Average Offset Voltage Drift Full - 0.4 0.6 - 0.4 1.3 I1VI"C 

Bias Current +25°C - ±1 ±2 - ±1 ±4 nA 

Full - - ±4 - - ±6 nA 

Bias Current Average Drift Full - 0.02 0.04 - 0.02 0.04 nAi"C 

Offset Currenl +25°C - - 2 - - 4 nA 

Full - - 4 - - 5.5 nA 

Offset Currenl Average Drift Full - 0.02 0.04 - 0.02 0.04 nAJ"C 

Common Mode Range Full ±12 - - ±12 - - V 

Differential Input Resistance +25OC 20 30 - 20 30 - MO 

Input Noise Voltage 0.1 Hz to 10Hz (Note 2) +25OC - - 0.6 - - 0.6 I1Vp.p 

Input Noise Voltage Density (Note 2) 

f=10Hz +25°C - 13.0 1B.0 - 13.0 1B.0 nVNHZ 

f= 100Hz - 10.0 13.0 - 10.0 13.0 nVNHZ 

f=lOOOHz - 9.0 11.0 - 9.0 11.0 nVNHZ 

Input Noise Current 0.1 Hz to 10Hz (Note 2) +25°C - 15 30 - 15 30 pAp.p 

Input Noise Current Density (Note 2) 

f= 10Hz +25°C - 0.4 0.8 - 0.4 O.B pAN'HZ 

f=l00Hz - 0.17 0.23 - 0.17 0.23 pAN'HZ 

f= 1000Hz - 0.14 0.17 - 0.14 0.17 pAN'HZ 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25°C 120 140 - 120 140 - dB 

Full 120 - - 120 - - dB 

Common Mode Rejection Ratio (Note 4) Full 110 120 - 106 120 - dB 

Closed Loop Bandwidth (AyCl. = +1) +25°C 0.6 2.5 - 0.6 2.5 - MHz 
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Specifications HA-5130, HA-5135 

Electrical Specifications v+ = +15V, v- = -15V (Continued) 

HA-513o-21-5 HA-5135-21-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) +25°C ±10 ±12 ±10 ±12 V 

FuU ±10 ±10 V 

Full Power Bandwidth (Note 6) +25°C 8 10 8 10 kHz 

Output Current (Note 7) +25°C ±15 ±20 ±15 ±20 rnA 

Output Resistance (Note 8) +2500 45 45 n 

TRANSIENT RESPONSE (Note 9) 

RlseTlme +25OC 340 340 ns 

Slew Rate +25°C 0.5 0.8 0.5 0.8 VlJIB 

Settling TIme (Note 10) +25°C 11 11 JIB 

POWER SUPPLY CHARACTERISTICS 

Supply Current FuU 1.0 1.7 1.0 1.7 rnA 

Power Supply Rejection RatiO (Note 11) Full 100 130 94 130 dB 

NOTES: 

1. Maxinxlm power dissipation, Including output load, must be designed to maintain the maximum junction temperature below +17500. 

2. Not tested. 90% of units meet or exceed these specifications. 

3. Vour = ±10V; RL = 2K. Gain dB = 20 loglo JI..i. 
:.120dB = 1MVN 
140dB = 10MVN 

4. Vcu =±10VDC 

5. RL = 6000. Slew Rate 
6. RL = 2K; FuU power bandwidth guaranteed based on slew rate measurement using FPBW = -=2:":':':V~==-
7. Vour= 10V It PEAK 

8. Output resistance measured under open loop conditions (f = 100Hz). 

9. Refer to test circuits section of the data sheet. 

10. Settling time Is measured to 0.1 % of final value for a 10V output step and JI..i = -1. 

11. V SUPPLY = ±5V DC to ±20V DC. 

Test Circuits 

FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 
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HA-5130, HA-5135 

Test Circuits (Continued) 

INPUT 

OUTPUT 

SMALL SIGNAL RESPONSE 
Vertical Scale: Volts: 5OmVlDlv. Output 

Volts: 100mVIDiv.lnput 
Horizontal Scale: Time: 1 fl&'DIv. 

f' , 
.. ~ 

: 

,/ 

+15V 

OV 

INPUT 

OV OUTPUT 

r----1-...... --:ClLLOSCOPE 

>--+-.-- VOUT 

LARGE SIGNAL RESPONSE 
Vertical Scale: Volts: 5VIDW. 

Horizontal Scale: Time: 5fl&'DIv. 

11111111111 
... 

'/" ~ I ......... 

V ....... 
~ 

Ay=-1 

Feedback and summing resistors should 
be 0.1 % matched. 

Clipping diodes are optional. HP5082-2810 
recommended. 

FIGURE 2. SETTUNG TIME CIRCUIT 

Typical Performance Curves 
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HA-5130, HA-5135 

Typical Performance Curves (Continued) 
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FIGURE 5. HA-5130 OFFSET VOLTAGE STABILITY vs TIME 
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FIGURE 8. CLOSED LOOP FREQUENCY RESPONSE FOR 
VARIOUS CLOSED LOOP GAINS 
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FIGURE 10. OUTPUT VOLTAGE SWING vs FREQUENCY AND 
SUPPLY VOLTAGE 

2-513 



HA-5130, HA-5135 

Typical Performance Curves (Continued) 
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FIGURE 11. MAXIMUM OUTPUT VOLTAGE SWING vs LOAD 
RESISTANCE AND SUPPLY VOLTAGE 
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HA-5130, HA-5135 

Applying the HA-5130, HA-5135 Operational Amplifiers 

1. POWER SUPPLY DECOUPLlNG: Although not absolute
ly necessary, it is recommended that all power supply 
lines be decoupled with O.D1I-1F ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. CONSIDERATIONS FOR PROTOTYPING: The following 
list of recommendations are suggested for prototyping. 

• Resolving low level signals requires minimizing leak
age currents caused by external circuitry. Use of qual
ity insulating materials, thorough cleaning of insulating 
surfaces and implementation of moisture barriers 
when required is suggested. 

• Error IIOltages generated by thermocouples formed 
between dissinilar metals in the presence of temperature 
gradients should be minimized. Isolation of low level circu
ity from heat generating components is recommended. 

• Shielded cable input leads, guard rings and shield driv
ers are recommended for the most critical applications. 

Applications 

y+ 

OPnONAL 
CONNECTION 

• Although Rp is shown equal to 201<0, other values such as 5Okn, 
100kn and 1 kO may be usad. Range of adjustment is approximately 
±2.5mV. Vos TO of the amplifier Is optimized at minimal Vas-

Tasted Offset Adjustment is IVos + 1 mVI minimum referred to output 

FIGURE 17. OFFSET NUWNG CONNECTIONS 

3. When driving large capacitive loads (> 500pF), a small 
value resistor (-500) should be connected in series with 
the output and inside the feedback loop. 

4. OFFSET VOLTAGE ADJUSTMENT: A 201dl balance p0-
tentiometer is recommended if offset nulling is required. 
However, other potentiometer values such as 1Oko, 
501dl and 1001dl may be used. The minimum adjustment 
range for given values is ±2mV. 

5. SATURATION RECOVERY: Input and output saturation 
recovery time is negligible in most applications. However, 
care should be exercised to avoid exceeding the absolute 
maximum ratings of the device. 

6. DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted 
with back-Ie-back diodes for overllOltage protection. In 
applications where differential input voltages in excess of 
1V are applied between the inputs, the use of limiting re
sistors at the inputs is recommended. 

C 

R 
OUT 

The excellent input and gain characteristics of HA-5130 are well 
suited for precision integrator applications. Accurate integration over 
seven decades of frequency using HA-5130, virtually nullifies the 
need for more expensive chopper-type amplifiers. 

FIGURE 18. PRECISION INTEGRATOR 
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Applications (Continued) 

OUTPUT 
±13V 

200jI8/DIV. 

INPUT 
:lSmV 

200jI8/DIV. 

, 
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II' If' 
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HA-5130, HA·5135 

a. .... 
If 

INPUT 
OUT 

• • · : ~N : : 

o--Wr-t ~ • • • • · : : - : 
~ Rc , •••••••••••• .w.,.. .......... .. 
• • • • • • • • • • • • ~ ,~ 

Low Vos coupled with high open loop Gain, high CMRR and high 
PSRR make HA-5130 ideally suiIed for preclsion deleclor applications. 

• OPTIONAL FOR OUTPUT 
SWINQUUmNQ 

FIGURE 19. ZERO CROSSING DETECTOR 

-1SV 

2K 2K 

-15V 

FIGURE 20. PRECISION INSTRUMENTATION AMPUFIER (Ay = 100) 
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Features 

• Low Offset Voltage ••••••••••••••••••••• Max 200~V 

• Low Offset Voltage Drift ••••••••••••••• Max 2~VJOC 

• Offset Voltage Match (5134A) •••• Full Temp. Max 250JiV 

• High Channel Separation ••••••••••••••••••• 120dB 

• Low Noise •••••••••••••••••••••••••••••• 7nVrIHz 

• Wide Unity Gain Bandwidth ••••••••••••••••• 4MHz 

• High CMRAlPSRR (Typ) ••••••••••••••••••••• 120dB 

• Dielectric Isolation 

Applications 

• Instrumentation Amplifiers 

• State-Variable Filters 

• Precision Integrators 

• Threshold Detectors 

• Precision Data Acquisition Systems 

• Low-Level Transducer Amplifiers 

Pinout 

HA-5134 
Precision Quad Operational Amplifier 

Description 
The HA-5134 is a precision quad operational amplifier that is 
pin compatible with the OP-400, LT1014, OP11, RM4156, 
and LM148 as well as the HA-4741. Each amplifier features 
guaranteed maximum values for offset voltage of 200~V, off
set voltage drift of 2~Vf'C, and offset current of 75nA over 
the full military temperature range while CMRRlPSRR is 
guaranteed greater than 94dB and AvoL is guaranteed 
above 500kVN from -55°C to +1250C. 

Precision performance of the HA-5134 is enhanced by a 
noise voltage density of 7nV/,fHz at 1kHz, noise current den
sity of 1 pANHZ at 1 kHz and channel separation of 120dB. 
Each unity-gain stable quad amplifier is fabricated using the 
dielectric isolation process to assure performance in the 
most demanding applications. 

The HA-5134 is ideal for compact circuits such as instru
mentation amplifiers, state-variable filters, and low-level 
transducer amplifiers. Other applications include precision 
data acquisition, precision integrators, and accurate thresh
old detectors in designs where board space is a limitation. 

For military grade product, refer to the HA-51341883 datasheet. 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

HA1-5134-2 -55"C to + 125°C 14 Lead Ceramic DIP 

HA1-5134-5 O"C to +75"C 14 Lead Ceramic DIP 

HA 1-5134A·2 -55"C to + 125°C 14 Lead Ceramic DIP 

HA1·5134A·5 O"C to +75"C 14 Lead Ceramic DIP 

HA-5134 (CDIP) 
TOP VIEW 

CAUTION: These devices are 88I18HlII8to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 

File Number 2926.1 
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Absolute Maximum Ratings (Note 1) 

TA = +25"C Unless Otherwise Stated 

Specifications HA-5134 

Operating Conditions 
Operating Temperatura Ranges 

Voltage Batween V+ and V- Terminals ••••••••••••••••••• 40.0V 
Dlfferentiat Input Voltage (Note 2) •••.••.•••••.•••.••••••.• 6V 
Output Current. • . . • • • • • • • • • • • • • •• Full Short Circuit Protection 
Voltage at any Op Amp Terminal ••••••••••••••••••••••• V+. V
Junction Temperature (Note 3). • • • • • • • • • • • . • • • • • • • • • • + 175°C 
Lead Temperatura (Soldering 10 Sec.) •..••••••...•.•••. 300"C 

HA-5134A15134-2 ••.•.•••.••••••••••. -55"C < TA < +125°C 
HA·5134A15134-5 ••••••••••••••••••.••.• O"C < TA < +75°C 

Storage Temperature Range ••.••••••••••. -65"C < TA < +15O"C 
Thermal Resistance f'CIW) 9JA 9JC 

Ceramic DIP Package . . • •• ••• •• • • . • • 71 13 

CAUTION: Slr9sses abolllllhoss listed in "Abso/uts Max/mum Ratings" may cause permanent damage to the davies. This is a slr9ss only rating and operation 
of the dIWit:a at these or any other conditions abOII8 Ihoss indicated In the operational sections of this specification is not implied. 

Electrical SpeCifications vee = t15V. RLOAO = 2K. CLOAO = 50pF. As:s; 100n. Unless Otherwise Specified 

HA-5134A-2/-5 HA-5134-21-5 

PARAMETER TEMP I MIN TYP MAX I MIN TYP MAX I UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 50 100 - 50 200 flV 

Full - 75 250 - 75 350 flV 

Average Offset Voltage Drift Full - 0.3 1.2 - 0.3 2 flVI"C 

Offset Voltage Match Full - - 250 - - - flV 

Bles Current +25OC - t10 ±25 - t10 ±SO nA 

Full - ±20 ±SO - ±20 t75 nA 

Offset Current +25°C - 10 25 - 10 50 nA 

Full - 15 50 - 15 75 nA 

Average Offset Current Drift Full - 0.05 - - 0.05 - nA/'C 

Common Mode Range Full t10 - - t10 - - V 

Differential Input Resistance +25°C · 30 . - 30 · MO 

Input Noise Voltage (0.1 Hz to 10Hz) +25OC · 0.2 - - 0.2 - flVP-P 

Input Noise Voltage Density 

f= 10Hz +25°C - 10 - - 10 - nVNHz 

f = 100Hz · 7.5 - - 7.5 - nVNHz 

f= 1kHz - 7 - - 7 - nVNHZ 

Input Noise Current Density 

f= 10Hz +25°C - 3 - - 3 - pAt-/Hz 

f= 100Hz - 1.5 - - 1.5 - pAt-/Hz 

f = 1kHz - 1 - - 1 - pAt-/Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +25OC 800 1200 - 800 1200 - kVN 
(VOUT = t10V) Full 500 750 - 500 750 · kVN 

Common Mode Rejection Ratio +25°C 115 120 - 100 120 - dB 
(VOM = t10V) 

Full 110 115 - 94 115 · dB 

Minimum Stable Gain +25OC 1 - - 1 - - VN 

Unity-Gain BandWidth +25°C - 4 - - 4 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage SwIng Full 12 13.5 . 12 13.5 · V 

Output Current +25°C - 20 - - 20 · mA 

Full Power BandWidth (Note 4) +25°C 12 16 - 12 16 - kHz 

Channel Separation (VOUT = t10V) +25°C 120 136 - 120 136 · dB 
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Specifications HA-5134 

Electrical Specifications vee = t15V, RLOAD = 2K, CLOAD = 50pF, Rs s 1000, Unless Otherwise Speclfled (Continued) 

HA-5134A-21-5 HA-5134-21-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNrr5 

TRANSIENT RESPONSE (Note 5) 

Rise Time (Note 6) +25°C - 200 400 - 200 400 ns 

Slew Rate +25°C 0.75 1.0 - 0.75 1.0 - V/JIB 

Overshoot +25OC - 20 40 - 20 40 % 

Settling Time (Note 7) +25°C - 13 - - 13 - JIB 
POWER SUPPLY CHARACTERISTICS 

Supply Current (All Amps) Full - 6.5 8 - 6.5 8 rnA 

Power Supply Rejection Ratio (Note 8) +25OC 110 120 - 100 120 - dB 

Full 100 115 - 94 115 - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually beyond which the serviceability of the circuit may be impaired. Func
tional operability under any of these conditions is not necessarily implied. 

2. For differential input voltages greater than 6V, the Input current must be limited to 25rnA to protect the back-te-beck Input diodes. 

3. Maximum power dissipation, Including output load, must be designed to maintain the maximum Junction temperature below +1750C. 

Slew Rate 
4. Full power bandwidth guaranteed based on slew rate measurement using FPBW = 2 V ; Vpeak = 10V 

II: PEAK 5. Refer to Test Circuits section of the data sheet. 

6. Time from 10% to 90% of 200mV output step, Av = 1. 

7. Specified to 0.01% of a 10V step, Av = -1. 

8. Vs =t5Vtot18V. 

Schematic Diagram (Each Amplifier) 

Yo 
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HA-5134 

Test Circuits 

IN 
~--~--~---1~-OOUT 

50pF 

FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 

SMALL SIGNAL RESPONSE 
Vertical: 5OmVlDiv. Horizontal: 2OOnsiDIv. 

TA = +250C, Vee = ±15V, Av= +1, ~=2kn, CL= 50pF 

~-+""---VoUT 

21dl 

21dl 

Av= -1 
Feedbacl( and summing resistors should be 0.1 % matched. 

Clipping diodes are optional. HP5082.2810 recommended. 

FIGURE 2. SETTLING TIME CIRCUIT 

2-520 

LARGE SIGNAL RESPONSE 
Vertical: 2V1Div. Horizontal: 21JS/Dlv. 

TA = +25"C, Vee = ±15V, Av= +1, RL =2kn, CL= 50pF 

PEAK-To-PEAK NOISE 0.1 Hz TO 10Hz 
TA = +25OC, Vee = ±15V, Ay = 1000 

enp.p = 0.167,Np•p 
O.05j.1V/Div.,1s1Div. 



HA-5134 

Performance Curves 
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HA-5134 

Performance Curves (Continued) 
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Performance Curves (Continued) 
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Applications Information 

TA=+25DC, VCC =±15V,Av= 1, AL= 10k.Q 
20mVlDiv, 1 jISIDiv. 
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FIGURE 16. OPEN LOOP GAIN .. PHASE va FREQUENCY 

TRANSIENT RESPONSE OF APPUCA nON CIRCUIT .1 

VOUT = ±10V, ALOAO = SOO CLOAO = O.Q1I1F, Av=3, Vee = ±15V 
Top: Input, 2VlDiv., 20jlSlDiv. Bottom: Output, 5V1Div, 20j1S1Div. 

FlGURE17. SMALL SIGNAL TRANSIENTRESPONSE(Cu:!Ao-1nF} 

• 100· 1000 recommended for short circuit limiting. 

NOTE: When driving heavy loads !he HA-5002 may 
contribute to thermal errors. Proper thermal shielding 
Is recommended. 

FIGURE 18. APPUCATJON CIRCUIT '1: INSTRUMENTATION AMPUFIER WITH POWER OUTPUT 
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Applications Information (Continued) 

R 8R 

R 4R 

VREF 

G1 Go ltv 
0 0 -1 

0 1 -2 

1 0 -4 

1 1 -8 

High AvoL of HA-S134 reduces gain 
error. 
Gain Error :; 0.004% at """ = 8. 

FIGURE 19. APPLICATION CIRCUIT '2: PROGRAMMABLE GAIN AMPLIFIER 

Horizontal: SOIlSlDiv. 
VIN = ±2SmV, VouT =±14V 

NOTE: If differential input voltages greater than 6V are present, input 
current must be limited to less than 2SmA. 

FIGURE 20. APPUCATION CIRCUIT 13: PRECISION COMPARATOR 

General Considerations 

1. POWER SUPPLY DECOUPLlNG: Although not absolute.. 
Iy necessary, it is recommended that all power supply 
lines be decoupled with O.01I1F ceramic capaCitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. CONSIDERATIONS FOR PROTOTYPING: The following 
list of recommendations are suggested for prototyping. 

• Resolving low level signals requires minimizing 
leakage currents caused by external circuitry. Use of 
quality insulating materials, thorough cleaning of 
insulating surfaces and implementation of moisture 
barriers when required is suggested. 

2-524 

• Error voltages generated by thermocouples formed 
between dissimilar metals in the presence of 
temperature gradients should be minimized. Isolation 
of low level circuitry from heat generating components 
is recommended. 

• Shielded cable input leads, guard rings and shield 
drivers are recommended for the most critical 
applications . 
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Features 
• High Speed •••••••••••••••••••••••••••••• 20V/~s 

• Wide Gain Bandwidth (Ay 2: 5) •••••••••••••• 63MHz 
• Low Noise •.•••••••••••••••••••• 3nVl JHz at 1kHz 

• Low Vas •••••••••••••••••••••••••••••••••• 10J,lV 
• High CMRR ••••••••••••••••••••••••••••••• 126dB 
• High Gain •••••••••••••••••••••••••••• 1800VlmV 

Applications 
• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 
• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 
• Highest Quality Audio Preamplifiers 

• PulselRF Amplifiers 
• For Further Design Ideas See Application Note 553 

Ordering Information 
PART 

NUMBER 

HA2·5137·2 

HA2·5137·5 

HA2·5137A·2 

HA2-5137A·5 

HA3·5137·5 

HA3-5137A·5 

HA7-5137-2 

HA7-5137-5 

HA7-5137A-2 

HA7-5137A-5 

HA9P5137-5 

Pinouts 

TEMPERATURE 
RANGE PACKAGE 

·55°C to +125°C 8 Pin Can 

OOClo +75°C 8 Pin Can 

·55°C 10 + 125°C 8 Pin Can 

O"Cto +75OC 8 Pin Can 

O"Clo +7500 8 Lead Plastic DIP 

O"Clo +7500 8 Lead Plaslic DIP 

·550C 10 +125OC 8 Lead Ceramic DIP 

OOClo +75°C 8 Lead Ceramic DIP 

·55°C 10 + 125°C 8 Lead Ceramic DIP 

O"Clo+75°C 8 Lead Ceramic DIP 

OOC 10 +75°C 8 LeadSOIC 

HA-5137 (TO-99 METAL CAN) 
TOP VIEW 

BAL 

4 

V-(eASE) 

HA-5137 
Ultra-Low Noise Precision 

Wideband Operational Amplifier 

Description 
The HA-5137 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris Dielectric Iso
lation technology and advanced processing techniques, this 
unique design unites low noise (3nV / JHZ) precision 
instrumentation performance with high speed (20V/J,ls) wide
band capability. 

This amplifier's impressive list of features include low Vos 
(10J,lV), wide gain bandwidth (63MHz), high open loop gain 
(1800V/mV), and high CMRR (126dB). Additionally, this flexi
ble device operates over a wide supply range (±5V to ±20V) 
while consuming only 140mW of power. 

Using the HA-5137 allows designers to minimize errors while 
maximizing speed and bandwidth in applications requiring 
gains greater than five. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5137's qualities include instrumentation amplifiers, pulse 
or RF amplifiers, audio preamplifiers, and signal conditioning 
circuits. 

This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OPOS, OP07, OP27 and 
OP37 where gains are greater than five. For the military 
grade product, refer to the HA-5137/883 data sheet. 

HA-5137 (PDIP, CDIP, SOIC) 
TOP VIEW 

CAUTION: These devices are sensRlve to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2908.1 
Copyright @ Harris Corporation 1993 

2-525 



Specifications HA-5137, HA-5137A 

Absolute Maximum Ratings 
T" = +25OC Unless 0Iherwise Specified 
Voltage Between V+ and V- Terminals •.•••••.•••.••.••••• 44V 
Dllferenllallnput Voltage (Note 1) •••.••••••••••••••••••.. 0.7V 
Output Current. • • • • . • • . • • • • • • . • •• Full Short Circuit Protection 
Junction Temperature (Note 12). . • • • • • • • • • • • • • • • • • • • • + 175°C 
Junction Temperature (Plastic Packages) ••••••••.•••••. +1SOOC 
Lead Temperature (Soldering 10s) •.••••••••••...••••• +3OO"C 

Operating Temperature Ranges 
HA-5137I37A-2 ••••••••••••.•••••••••••• -55°C ~ T" ~ +12500 
HA-5137I37A-5 •.••••••••••.•••••••••••••• OOC~T,,~+75oo 
Storage Temperature Range ••••••..•.••••. -65°C ~ T" ~ +1SOOC 

CAUTION: SIresSBs abowI fhoBeJlstsd In "Absolute MsxImum Ratings" may cause pIJI'I'IIBMfJI damags to tIHJ davice. ThIs Is a stnJss only I8ting and tJpIJl8tion 
of lIIe dwica at these or any olhar conditions above lIIose Indicated In tIHJ OfHJI8tionaJ ssctions of lIIis spfICilication is not inJ»Ied. 

Electrical Specifications V+=+15V, V- = -15V, CL~50pF, Rs~ 1000 

HA-5137A HA-5137 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 10 25 - 30 100 IlV 

Full - 30 60 - 70 300 IlV 

Average OffSet Voltage Drift Full - 0.2 0.6 - 0.4 1.8 IlVf'C 

Bias Current +25°C - 10 40 - 15 60 nA 

Full - 20 60 - 35 150 nA 

Offset CUrrent +25°C - 7 35 - 12 75 nA 

Full - 15 50 - 30 135 nA 

Commorl Mode Range Full ±10.3 ±11.5 - ±10.3 ±11.5 - V 

Differen/iallnput Resistance (Note 2) +25°C 1.5 6 - 0.8 4 - MO 

Input Noise Voltage 0.1 Hz to 10Hz +25°C - 0.08 0.18 - 0.09 0.25 IlVp.p 
(Note 3) 

Input NoiSe Voltage ,= 10Hz +25°C - 3.5 5.5 - 3.8 8.0 nVl./HZ 
DensIty (Note 4) ,= 100Hz +25OC - 3.1 4.5 - 3.3 5.6 nVl.JHz 

,= 1000Hz +2500 - 3.0 3.8 - 3.2 4.5 nVl./Hz 

Input Noise Current '=1OHz +25OC - 1.7 4.0 - 1.7 - pAl.JHz 
Density (Note 4) ,= 100Hz +25OC - 1.0 2.3 - 1.0 - pAl./HZ 

,= 1000Hz +25OC - 0.4 0.6 - 0.4 0.6 pAl./HZ 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) +25°C 1000 1800 - 700 1500 - VlmV 

Full 600 1200 - 300 800 - VlmV 

CommOn Mode Rejection Ratio (Note 6) Full 114 126 - 100 120 - dB 

MlnlmLim Stable Gain +25OC 5 - - 5 - - VN 

Gain-Bandwidth-Product ,= 10kHz +25°C 60 80 - 60 80 - MHz 

,= 1MHz +2500 - 63 - - 63 - MHz 

OUTPUT. CHARACTERISTICS 

Output Voltage Swing I RL = 6000 +25OC ±10.0 ±11.5 - ±10.0 ±11.5 - V 

I RL=2kO Full ±11.7 ±13.8 - ±11.4 ±13.5 - V 

Full Power Bandwidth (Note 7) +25°C 220 320 - 220 320 - kHz 

Output Resistance, Open Loop +25°C - 70 - - 70 - 0 

Output Current +25°C 16.5 25 - 16.5 25 - rnA 
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Specifications HA-5137, HA-5137 A 

Electrical Specifications v+ = +15V, Yo = -15V, cL:s; 50pF, Rs:S; 1000 (Continued) 

HA-5137A HA-5137 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

TRANSIENT RESPONSE (Note 8) 

Rise Time +25°C - - 100 - - 100 ns 

Slew Rate (Note 10) +25"C 14 20 - 14 20 - VIlIS 

Settling Time (Note 9) +25°C - 1.0 - - 1.0 - lIS 

Overshoot +2500 - 20 40 - 20 40 % 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25°C - 3.5 - - 3.5 - rnA 

Full - - 4.0 - - 4.0 rnA 

Power Supply Rejection Ratio (Note 11) Full - 2 4 - 16 51 IlVN 

NOTES: 

1. For differential Input voltages greater than 0.7V, the Input current must be limited to 25rnA to protect the back-to-back Input diodes. 

2. This parameter value is based upon design calculations. 

3. Refer to Typical Performance section of the dala sheet. 

4. The limits for this parameter are based on lab characterization, and reflect lot-to-Iot variation. 

5. VOLrr = ±tOV, RL = 2kO 

6. VCM= ±10V 
7. Full power bandwidth guaranteed based on slew rate measurement using: FPBW 

8. Refer to Test Circuits section of the dala sheet 

9. Settling time is specmed to 0.1 % of final value for a 10V output step and Av = -5. 

10. VOLrr = ±3V (6V Step). 

11. Vs = ±4V to ±18V 

12. See Thermal ConSlants in "Ole Characteristics" text. 

Die Characteristics 
Transistor Count. . • • • • • . • • • • . . • • • • • • • . . • . • . • • • • • . • . • • • 63 
Die Dimensions ••••••.•.••.•••....•.•.• 65 x 104.3 x 19 mils 

.. (1700jUll x 2600jUll x 48OjU1l) 

Substrate Potential" ..•.•.•••••••••••••••.•••••••.•••••. V
Process ..••.•••••••••.••••••..•.•.•...••...••• Bipolar-DI 

Thermal Conslants fClW) 9JA 
Ceramic MinI-DIP .•••..•••..•••.••.••• 114 
TO-99 Metal Can ...•...••....•.•.•.•.. 108 
Plastic DIP •.•••••.•.•.•••••.••.•••••. 92 
SOIC ••••.••.•.•...•••.•.•.•••..•••. 157 

9JC 
34 
33 
30 
43 

" The substrate may be left floating (Insulating Ole Mount) or it may 
be mounted on a conductor at V- potential. 
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HA-5137, HA-5137A 

Test Circuits 

IN 

OUT 

IN 
~-.... --.... --o OUT 

50pF 

4000 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 

LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 1V/Div.) 
(Volts: Output = 5VlDiv.) 

Horizontal Scale: (Time = 1IJ.S1'Div.) 

IN 

OUT 

+1SV 

SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 20mVlDiv.) 
(Volts: Output = 100mVlDiv.) 

Horizontal Scale: (Time = 100nS/Div.) 

~~~1-.-__ .-__ ---oTO 
10000 

4000 
IN O-..... -o/II'.{--...... --1A 

2kn 

2kn 

:.--t---.-OOUT 

OSCILLOSCOPE 

• "-1=·5 
• Feedback and summing resistors should be 

0.1% matched. 

• Clipping diodes are optional. HP5082·2810 
recommended. 

FIGURE 2. SETTLING TIME TEST CIRCUIT 
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HA-5137, HA-5137A 

Typical Performance Curves Unless Otherwise specmed: TA = +25"C. VSUPPLY = ±15V 
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FIGURE 8. BANDWIDTH AND SLEW RATE vs SUPPLY 
VOLTAGE 



HA-5137, HA-5137A 

Typical Performance Curves Unless Otherwise Specified: TA = +25°C, VSUPPlY = t15V (Continued) 
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HA-5137, HA-5137A 

Typical Performance Curves Unless OIherwlse Specified: TA = +25°C. VSUPPLY = t15V (Continued) 
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FIGURE 15. OPEN LOOP GAIN AND PHASE \/S. FREQUENCY FIGURE 16. PEAK·TO-PEAKNOISE VOLTAGE (0.1 Hz TO 10Hz) 
Acl = 25.000VN 

Horizontal Scale = 1 seclDiv. 
Vertical Scale = O.OO2IlVIDiv. 

EN = O.08IlVp.p ATI 

Application Information 

v+ 

FIGURE 17. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

Test Offset Adjustment Range is IVos + 1 mVI minimum referred to output. lYPlcal range Is t4mV with Rp = 10kO. 

L .. ···il··· ... ..! Ra 
Ca 

Low resistances are preferred for low noise applications as a 1 kn reSistor has 4nVl..JHz of thermal noise. Total resistances of 
greater than 10ka on either input can reduce stability. In most high resistance applications. a few picofarads of capacitance 
across the feedback resistor will improve stability. 

FIGURE 18. SUGGESTED STABILITY CIRCUITS 

2·532 



~HARRJS 
\&J SEMICONDUCTOR HA-5142, HA-5144 
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Features 

• Low Supply Current •••••••••••••••••••• 45I1A1Amp 

• Wide Supply Voltage Range Single •••••••• 3V to 30V 
or Dual ............•.•...........••... ±1.5V to ±15V 

• High Slew Rate ••••••••••••••••••••••••••• 1.5V1IJ.S 

• High Gain •••••••••••••••••••••••••••••• 100kVN 

• Unity Gain Stable 

• Available In Duals and Quads 

Applications 

• Portable Instruments 

• Metar Amplifiers 

• Telephone Headsets 

• Microphone Amplifiers 

• Instrumentation 

• For Further Design Ideas See Application Note 544 

Pinouts (See Ordering Information on Next Page) 

Description 

DuaUQuad Ultra-Low Power 
Operational Amplifiers 

The HA·5142144 ultra·low power operational amplifiers 
provide AC and DC performance characteristics similar to or 
better than most general purpose amplifiers while only 
drawing 1/30 of the supply current of most general purpose 
amplifiers. In applications which require low power dissipa· 
tion and good AC electrical characteristics, this family offers 
the industry's best speed/power ratio. 

The HA-5142144 provides accurate signal processing by virtue of 
their low input offset wltage (2mV), low input bias current (45nA), 
high open loop gain (100kVlV) and low noise (2OnVlv'Ri), for low 
power operational amplifiers. These characteristics ooupled with 
a 1.5VIjJ.S slew rate and a 400kHz bandwidth make the HA-51421 
44 ideal for use in low power instrumentation, audio amplifl8l" and 
actiw fiker designs. The wide range of supply \IOHages (3V to 
3OV) also allow these amplifiers to be very useful in low wltage 
battery powered equipment These parts are also tested and 
guaranteed at both ±15V and single ended +5V supplies. 

These amplifiers are available with industry standard pinouts 
which allow the HA-514215144's to be interchangeable w~h most 
other operational amplifiers. For military grade product refer to 
the 5142, 51441883 data sheet. 

HA-5142 (PDlP, CDIP) HA-5142 (1'0-99 METAL CAN) HA-5142 (300 mil SOIC) 
TOP VIEW TOP VIEW TOP VIEW 

<IN! 

NC 

y+ 

NC 

+lN2 

HA-5144 (PLCC) 
TOP VIEW 

.. zt;u5! o Z 0 "T 

+lN4 

NC 

\l

NC 

+lN3 

y+ 

y. 

HA-5144 (PDIP, CDIP) 
TOP VIEW 

CAUTION: These devices are sensilivalo electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyrlghl @ Harris Corporation 1993 
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HA-5144 (300 mil SOIC) 
TOP VIEW 

NC 

NC 

y+ 

NC 
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HA-5142, HA-5144 

Ordering Information 

PART TEMPERATURE PART TEMPERATURE . 
NUMBER RANGE PACKAGE NUMBER RANGE PACKAGE 

HA2-S142-2 -5S"C to +12SoC 8 Pin Can HA1-S144-2 -55"C to +12SOC 14 Lead Ceramic DIP 

HA2-S142-5 O"C to +7SOC 8 Pin Can HA1-S144-5 O"C to +7SoC 14 Lead Caramk: DIP 

HA3-S142-5 O"C to +7SoC 8 Lead Plastic DIP HA3-S144-5 O"C to +7SOC 14 Lead Plastic DIP 

HA7-5142-2 -55"C to + 12SOC 8 Lead Ceramic DIP HA4PS144-S O"C to +7SoC 20 Lead PLCC 

HA7-S142-5 O"C to +7SoC 8 Lead Ceramic DIP HA9P~144-S O"C to +7SOC 18 Lead Wide Body SOIC 

HA9PS142-5 O"C to +7SOC 18 Lead Wide Body sOle HA9P5144-9 -4O"C to +8-5°0 16 Lead Woode Body sOle 

HA9PS142-9 -4D"C to +85"C 18 Lead Wide Body SOIC 

Schematic Diagram 

t--...... 'M.-o OUTPUT 

~~~~------~-~--------~-~~-4---4-o~ 
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Absolute Maximum Ratings 

Specifications HA-5142, HA-5144 

Operating Conditions 
Operating Temperature Range Supply Voltage Between v+ and V- Terminals •••••••.•.••.• 35V 

Differential Input Voltage .••••••••••••••••.•••••.•••.•••• 7V 
Output Current •..•..•.••••••.••.••••• Short Circuit Protected 
Junction Temperature (Note 12) • • • • • • • • • • • • • • • • • • • • • • + 175°C 
Junction Temperature (Plastic Package) •.••.••..•..•.. + 15O"C 
Lead Temperature (Soldering 1 0 Sec.) ..•.••.••.•...... +3OO"C 

HA-5142144-5 ••..•••...••.•••..••.•.••• O"c:s; TA:S; +75"C 
HA-5142144-2 .••.•••..•.....•.•••.•.• -55"C:S; TA:S; +125"C 
HA-5142144-9 .•...•......•••.•••••••••• -4O"C :s; TA:S; +85°C 

Storage Temperature Range •....••..••..•. -65"C:S; TA:S; +15O"C 

CAUTION: SIn/SSeS abo ... thoss listed in "Absolute MaxImum Ratings" may caus" permanent damage to /he davice. This Is a stress only rating and operation 
of /h" davfce at Ihes8 or any other conditions abo ... /hose Indicated In the operational sections of /his specification Is not fmpH"d. 

Electrical Specifications Rs .. 1000, CL :s; 10pF, Unless Otherwise Specilled 

-2,-5,-9 -2,-5,-9 
V+ .. +5V, V- .. OV V+ .. +15V, V- .. -15V 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 11) +25"C - 2 6 - 2 6 mV 

Full - - 8 - - 8 mV 

Average Offset Voltage Drift Full - 3 - - 3 - JlV/"C 

Bias Current (Note 11) +25OC - 45 100 - 45 100 nA 

Full - - 125 - - 125 nA 

Offset Current (Note 11) +25OC - 0.3 10 - 0.3 10 nA 

Full - - 20 - - 20 nA 

Common Mode Range Full Ot03 - - ±10 - - V 

Differential Input Resistance +25°C - 0.6 - - 0.6 - MO 

Input Noise Voltage (I .. 1kHz) +25°C - 20 - - 20 - nVNHz 

Input Noise Current (I .. 1 kHz) +25OC - 0.25 - - 0.25 - pANHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 2, 4) +25OC 20 100 - 20 100 - kVN 

Full 15 - - 15 - - kVN 
-2, -5 

Full 12 - - 12 - - kVN 
-9 

Common Mode Rejection Ratio (Note 7) Full n 105 - n 105 - dB 
-2, -5 

Full 70 105 - 70 105 - dB 
-9 

Bandwidth (Notes 2, 3) +25°C - 0.4 - - 0.4 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 2, 10) +25°C 1.0 to 0.710 - ±10 ±13 - V 
3.8 4.2 

Full 1.210 0.9 to - ±10 ±13 - V 
3.5 4.0 

Full Power Bandwidth (Notes 2, 4, 8) +25OC - 240 - - 24 - kHz 
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Specifications HA-5142, HA-5144 

Electrical Specifications Rs = 1000, CL ~ 10pF, Unless Otherwise Specified (Continued) 

-2,-5,-9 -2, -5,-9 
V+ • +5V, V- • OV V+ = +15V, V- = -15V 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNrrs 

TRANSIENT RESPONSE (Notes 2, 3) 

Rise Time +25°C - 600 - - 600 - ns 

Slew Rate (Note 6) +25°C 0.8 1.5 - 0.8 1.5 - V/fJS 

Settling Time (Note 5) +25OC - 10 - - 10 - fJS 

POWER SUPPLY CHARACTERISnCS 

Supply Current +25OC - 45 80 - 100 150 IlA/Amp 

FuU - - 100 - - 200 IlA/Amp 

Power Supply Rejection Ratio (Note 9) Full 77 105 - 77 105 - dB 
-2, -5 

Full 70 105 - 70 105 - dB 
-9 

NOTES: 

1. Absolute maximum ratings are Umiting values, applied Individually beyond which the serviceability 01 the circuit may be impaired. Func-
tional operability under any 01 these conditions Is not necessarily implied. 

2. RL=50kn 

3. CL=50pF 

4. Vo = 1.4 to 2.5V lor Vcc = +5, OV; Vo = ±10V for Vee = ±15V. 

5. Settling Time Is specified to 0.1% offlnal value for a 3V output step and A., = -1 for Vee = +5V, OV. Output step = 10V for Vee = ±15V. 
6. Maximum input slew rate K 10v/fJS. 

7. VCM = 0 to 3V for Vee = +5, OV; VCM = ±10V for Vee = ±15V. 
Slew Rate 

8. Full Power Bandwidth Is guaranteed by equation: FPBW = 2 V • 
9. ,l.Vs =+10VlorVee =+5,OV;6Vs =±5VlorVee =±15V. It PEAK 

10. For Vee = +5, OV terminate RL at +2.5V. Typical output current is ±3mA. 

11. Vo=1.4VforVcc=+5V,OV. 
12. See Thermal Constants In "Ole Characteristics" section. 

Die Characteristics 
Transistor Count 

HA-5142 •.•..•.••••.•..•.•.•.•.....•.....•.•.•.•.. 66 
HA-5144 .•.•.••.•••..•••••.••••••.•.•...••..•••.• 132 

Substrate Potential" .••......••..••...•........••••.•.•• V
Process. . • . . . • . • . . • • . • . • • • • • . • . • • • • • . • • . • . • • •• Bipolar-Ol 

" The substrate may be left floating (Insulating Die Mount) or It may 
be mounted on a ccnductor at V- potential. 

Thermal Constants ("CNI) 8JA 
HA1-5144 (CDIP) ..•.•...••..•.•••.•.• 71 
HA2-5142 (CAN) .•••.••.•••••.••.•.•• 111 
HA3-5142 (Plastic Mini DIP) ••••.••.••.•. 92 
HA3-5144 (PDIP) ..•...•.•.....••..... 108 
HA4P5144 (PLCC) ••••••••.••••••••••. 74 
HA7-5142 (Ceramic Mini DIP) .••••....•. 114 
HA9P5142 (SOIC) •••••••••••.•••••.•• 113 
HA9P5144 (SOIC) ..••••.••..•••...•.. 96 
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HA-5142, HA-5144 

Test Circuits 

FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUrr 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 5V1Dlv.; Output = 2VIDIv.) 

Horizontal Scale: (Time: 2IJS/DIv.) 

INPUT 

OUTPUT 

+VSUPPlY = +15V, -VSUPPlY " -15V 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 2VlDiv.; Output = WIDiv.) 

Horizontal Scale: (Time: 5IJS/DIv.) 

INPUT 

OUTPUT 

+VSUPPLV = +5V, ·VSUPPLV = OV 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mVlDlv.; Output = 50mV lDiv.) 

Horizontal Scale: erma: 2IJS/Div.) 

INPUT 

OUTPUT 

+VSUPPlV " +15V, -VSUPPlY " -15V 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mVIDiv.; Output = 5OmVIDIv.) 

Horizontal Scale: (Time: 5IJS/DIv.) 

INPUT 

OUTPUT 

+VSUPPlV = +5V, -VSUPPlY = OV 
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HA-5142, HA-5144 

Typical Performance Curves Vs = ±2.5V. TA = +250C. Unless Otherwise Specified 
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HA-S142, HA-S144 

Typical Performance Curves Vs = ±2.5V, TA = +250C, Unless Otherwise Specified (Continued) 
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HA-S147 
March 1993 

Ultra-Low Noise Precision High Slew Rate 
Wideband Operational Amplifier 

Features 
• High Speed ••••• ' ••••••••••••••••••••••••• 35V/1J.8 

• Wide Gain Bandwidth (Ay ~ 10) •••••••••••• 120MHz 

• Low Noise ••••••••••••••••••••••• 3nVh"iii at 1kHz 

• Low Vas •••••••••••••••••••••••••••••••••• 10~V 

• High CMRR ••••••••••••••••••••••••••••••• 126dB 

• High Gain •••••••••••••••••••••••••••• 1800VlmV 

Applications 
• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 

• PuiseiRF Amplifiers 

Ordering Information 

PART NUMBER 

HA2-5147-2 

HA2·5147-5 

HA2-5147A-2 

HA2·5147A-5 

HA3-5147-5 

HA7-5147-2 

HA7-5147-5 

HA7-5147A-2 

HA7-5147A-5 

Pinouts 

TEMP. RANGE 

-55"C to +125OC 

O"C to +7SOC 

-55"C to + 125°C 

O"C to +75°C 

O"C to +75OC 

-55"C to + 125°C 

O"C to +7SOC 

-55"C to + 12SOC 

O"C to +75°C 

HA·5147 
(pDIP, CDIP) 
TOP VIEW 

PACKAGE 

8 Pin Can 

a Pin Can 

a Pin Can 

a Pin Can 

a Lead Plastic DIP 

8 Lead Ceramic DIP 

a Lead Ceramic DIP 

a Lead Ceramic DIP 

a Lead Ceramic DIP 

Description 
The HA-5147 monolithic oparational amplifier features an 
unparalleled combination of preCision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. technol
ogy and advanced processi!!9.. techniques. this unique 
design unites low noise (3nVNHi) precision instrumentation 
parformance with high speed (35V1IJ.8) wideband capability . 

This amplifier's impressive list of features include low Vos 
(10IN). wide gain bandwidth (120MHz). high open loop gain 
(1800V/mV). and high CMRR (126dB). Additionally. this flex
ible device operates over a wide supply range (±5V to ±20V) 
while consuming only 140mW of power. 

Using the HA-5147 allows designers to minimize errors while 
maximizing speed and bandwidth in applications requiring 
gains greater than ten. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5147's qualities include instrumentation amplifiers. pulse 
or RF amplifiers. audio preamplifiers. and signal conditioning 
circuits. Further application ideas are given in Application 
Note 553. 

This device can easily be used as a design enhancement by 
directly replacing the 725. 0P25, OP06, OP07. OP27 and 
OP37 where gains are greater than ten. For military grade 
product. refer to the HA-5147/883 data sheet. 

HA-5147 
(TO-99 METAL CAN) 

TOP VIEW 

BAL 

4 

V-(CASE) 

CAUTION: These devices are eensitive to electrostatic discharge. Users should follow proper I.C. Handling Proc:adurea. File Number 2910.1 
Copyright@Harris Corporation 1993 
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Specifications HA-5147, HA-5147A 

Absolute Maximum Ratings (Note 1) 

TA = +25"0 Unless Otherwise Stated 
Voltage Between V+and V- Terminals ...•.•.••.......•.... ±44V 
Differential Input Voltage (Note 2) •..••..••.•••.•.......•. 0.7V 
Output Current . . . . . . • . • • . • . . • . . •. Full Short Circuit Protection 
Junction Temperature (Note 13) .•...•••...•••...••..• +1750C 
Junction Temperature (Plastic Packages) .•••••.•••••..• + 15O"C 
Lead Temperature (Soldering 10 Sec.) ................. +300"C 

Operating Conditions 
Operating Temperature Ranges 

HA-5147/47A-2 •• ••••••.•..•.•....••.. -550CSTAS+1250C 
HA-5147/47A-5 ••••.•••......•...••..•.• O"CSTAS+75°C 

Storage Temperature Range .•.•........... -65"0 S TA S +15O"C 

CAUTION: Stresses aboII8 /hose listed In "Absolute Maximum Ratings" may C8U1U1 perm8lUlnt damage to the device. This is a stress only IBUng and opetation 
01 the devica at these or any other conditions aboII8 those indicated in the opsIBlionaJ sections of this spacification is not impHed. 

Electrical Specifications v+= 15V, V- =-15V, cls 50pF, Rss 1000 

I HA-5147A HA-5147 I 
PARAMETERS TEMP I MIN TYP I MAX MIN TYP MAX I UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 10 25 - 30 100 I1V 

Full - 30 60 - 70 300 I1V 

Average Offset Voltage Drift Full - 0.2 0.6 - 0.4 1.8 I1VI"C 

Bias Current +25°C - 10 40 - 15 80 nA 

Full - 20 60 - 35 150 nA 

Offset Current +25°C - 7 35 - 12 75 nA 

Full - 15 50 - 30 135 nA 

Common Mode Range Full ±10.3 ±11.5 - ±10.3 ±11.5 - V 

Differential Input Resistance (Note 3) +25OC 1.5 6 - 0.8 4 - MO 

Input Noise Voltage 0.1 Hz to 10Hz (Note 4) +25OC - 0.08 0.18 - 0.09 0.25 I1Vp.p 

Input Noise Voltage Density (Note 5) 

f= 10Hz +25°C - 3.5 5.5 - 3.8 8.0 nVNHz 

,= 100Hz - 3.1 4.5 - 3.3 5.6 nVNHz 

,= 1000Hz - 3.0 3.8 - 32 4.5 nVNHz 

Input Noise Current Density (Note 5) 

f=10Hz +250C - 1.7 4.0 - 1.7 - pAr/Hz 

,= 100Hz - 1.0 2.3 - 1.0 - pAr/Hz 

,= 1000Hz - 0.4 0.6 - 0.4 0.6 pAr/Hz 
TRANSFER CHARACTERISTICS 

Minimum Stable Gain +25OC 10 - - 10 - - VN 

Large Signal Voltage Gain (Note 6) +25°C 1000 1800 - 700 1500 - VlmV 

Full 600 1200 - 300 800 - VlmV 

Common Mode Rejection Ratio (Note 7) Full 114 126 - 100 120 - dB 

Gain-Bandwidth-Product 

f = 10kHz +25°C 120 140 - 120 140 - MHz 

f= 1MHz - 120 - - 120 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

RL=6OOn +25OC ±10.0 ±11.5 - ±10.0 ±11.5 - V 

RL=2kn Full ±11.7 ±13.8 - ±11.4 ±13.5 - V 

Full Power Bandwidth (Note 8) +25°C 445 500 - 445 500 - kHz 

OUtput Resistance, Open Loop +25°C - 70 - - 70 - 0 

Output Current +25°C 16.5 25 - 16.5 25 - rnA 
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Specifications HA-5147, HA-5147 A 

Electrical Speclficatic)os v+ z 15V, v- '"' ~15V, cL :!: 5OpF, Rs:!: 1000 

HA-5147A. I HA-5147 I 
PARAMETERS . TEMP MIN I TYP MAX MIN TYP MAX I . UNITS 

TRANSIENT RESPONSE. (Note 9) 

Rise l1me +25"0· · 22 50 · 22 50 ns 

Slew Rate (Note 11) +25°C· 28 35 · 28 35 · . VlIUJ 

SetHing TIme (Note 10) +25°C · 400 · · ·400 · .~ 

Oveishoot +25°C · 20 40 · 20 40 % 

POWER SUPPLY CHARACTERISTICS· 

Supply Current +25°C · 3.5 · · 3.5 · mA 

Full · . 4.0 · . 4.0 mA 

Power Supply Rejecb RatIo (Note 12) Full · 2 4 · 16 51 "VN 

. NOTES: . 
... 

· 1. Absolute maximum ratings are Amlting VIiIues. applied Individually, beyond which the ~rvlceabillty of the circuit may be Impaired. Func-
tional operability under. any of these conditions is not necessarily Implied. 

· 2; F~ differential Input volteges greater than 0.7V, the Input current must be limited to 25mA to protect the back·ta-back input diodes. 

· 3. This parameter value. Is based upon design calculations • 

. ' 4.· Reter !O Typical Performance s8ction of the date sheet. 

5.· Tbe limits for this parameter are {juaranteed based on lab Characterization, and reflect 100·lo-lot variation. 

6. Vi)ur;±10V,RL =2kO 

7.V~';'±10V • 

8. Full power bandwidth guaranteed based on slew ratemaasurement using: FPBW = 
9. Refer to Test Circullll ~n of the date sheet. 2ltV PEAK 

Slew Rate 

10. Sel!ling time is specifled to 0.1 % of final value for a 10V OOlPut step and Av = ·10. 
11. VOUT = ±3V(6V Step}. . 

12. Vs ,:,,±4Vto±18V 

13; See iherfual constants In "Ole Characterisilcs" section. 

Die Characteristics . 
Transistor Count. .•••••••••• ; •••..••••. ; ............... 63· 
Die Dimensions ....... " . : ............... 65 x 104.3 x 19 mllS 
Substrate Potential" •.• ; •• '.'''' ••••••• -: •••••..••••••••••• V· 
j>roc&ss. ; ......................................... Bipolilr ·01" 
Ther",aI Constants COClW) 9JA.· 9jC 

Ceramic Mlnl·DlP ......... :.... • .. .. • 114 34 
• TO-99 Metal.Can ..................... 108 33 

Plastic DIP .•• ,," "." • " .. " • ; " ,,92 30 

"The substrate may be left floating (Insulating Ole Mount) or it may 
be mounted on a conductor at V·. potential. . 
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HA-S147, HA-S147A 

Test Circuits 

IN 

OUT 

IN >--..... --.... -OUT 

20CIn 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 0.5VIDIv.) 

(Volts: Output = 5VIDIv.) 
Horizontal Scale: (Time: 5OOns/OIv.) 

+1SV 

IN 

OUT 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 10mVlDIv) 

(Volts: Output = l00mVlDlv) 
Horizontal Scale: (TIme: l00ns/Div) 

TO 1--.-..... -----0 OSCILLOSCOPE 

>-+-..... - VOIIT 

Av=-10 

Feedback and summing resistors 
should be 0.1 % matched. 

Clipping diodes are optional. 
HP5082-2810 recommended. 

V .. o-_>---'W ...... - ..... --t 

2kO 

FIGURE 2. SETTLING TIME TEST CIRCUIT 

2-544 



HA-5147, HA-5147A 

Typical Performance Curves TA = +250C. VSUPPLY = ±15V. Unless Otherwise Specified 
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HA-5147, HA-S147A 

Typical Performance Curves TA = +250C. VSUPPLY = ±15V. Unless Otherwise SpeCified (Continued) 

E 

J 
Q 

~ 

i 
C ... 
j 

i 
i 
II: 

i3 
~ ... ... 
;:) 
1/1 

17 

16 
16 
14 

13 

TA-+25"C I 

~L_ :- i""""" 

~ 

12 

11 

10 

t..oo"": Vour r-J , , 
II 
8 

7 
I 

8 
5 
4 
o 2 4 • • 10 

LOAD RESISTANCE (IcC) 

FIGURE 9. AwL AND Vour va. LOAD RESISTANCE 

2.82 r- Vo·OV. Vcc-±15V 
-' 

2.80 

2.78 

2.76 

2.74 

2.72 

2.70 / 
L 

2.68 ./ 
~ 

./ 
/ 

./ 

./ 
/ 

/ 

26 
TEMPERATURE ("C) 

-' 
./ 

/ 

FIGURE 11. SUPPLY CURRENT va. TEMPERATURE 

RL-2K; CL-SOpF. TA.+~ 
40 

125 

jjj30 
:!!.. 

H{l 
GAIN 

! 20 
- 10 

~ 

o 
PHASE :I ... 

-
w 

180 ~ 
-1K 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

1.116 

~ 
RL - 2K; CL - SOpF, TA - +25"C ~ 

1.04 

Ie 1.03 ... 
, 

~ 
I:! 1.02 
Q 

1.01 

I 1.0 

i UII 

~ O.H 

II: 0.117 

~ O.N 

-"~ 

~ 

/ 
/ 

./ 
./ 

1/1 

O.N 
0410 -40 -20 0 20 40 60 60 100 120 

TEMPERATURE ("C) 

FIGURE 10. NORMALIZED SLEW RATE va. TEMPERATURE 

28 
I ..... RL = 2K; CL. SOpF. TA - +25"c -......... 

\ 
\ 

24 

l20 
w 

~ 

"-
! 18 g 

"- , 
........ 

~ 12 

o 8 

......... 
4 -o 0.4 0.8 1.2 1.1 2 

FREQUENCY (MHz) 

FIGURE 12. Vour MAX (UNDISTORTED SlNEWAVE OUTPUT) 
va. FREQUENCY 

FIGURE 13. CLOSED LOOP GAIN AND PHASE V8 FREQUENCY FIGURE 14. PEAK· T()'pEAK NOISE VOLTAGE (0.1 Hz TO 10Hz) 

Act. = 25.000VN 
Horizontal Scala = 1sec1D1v. Vartical Scala = O.OO2I1VIDIv. 

EN = O.OBI1Vp.p An 

2·546 



HA-5147, HA-5147A 

Application Information. 

v+ 

Tested Offset Adjustment Range Is IVos +lmVI.miniroom referred to output. 
~p/cal range Is :t4mV with Rr = 101<0. 

FIGURE 15. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

c. 
,······-11····· .. , 
i i 

Low resistances are preferred for low noise applications as a 1 kn resistor has 4nvN'Hz of thermal noise. Total resistanceS of greater than 
10kn on either Input can reduce stabilliy. In most high I'esIstance applications. a few picofarads of capacitahce across the feedback resistor 
will Improve stability. . 

FIGURE 16 •. SUGGESTED STABILITY CIRCUITS 



on HARRIS 
\KJ SEMICONDUCTOR 

March 1993 

Features 

HA-5160, HA-5162 
Wideband, JFET Input High Slew Rate, 

Uncompensated, Operational Amplifiers 

Description 

• Wide Gain Bandwidth (Ay O! 10) •••••••••••• 100MHz The HA·5160 is a wideband, uncompensated, operational 
amplifier with FETlBipolar technologies and Dielectric Isola· 
tion. This monolithic amplifier features superior high fre
quency capabilities further enhanced by precision laser 
trimming of the input stage to provide excellent input charac· 
teristics. This device has excellent phase margin at a closed 
loop gain of 10 without extemal compensation. 

• High Slew Rate •••••••••••••••••••••••••• 120Vl1J.8 

• Settling Time ••••••••••••••••••••••••••••• 280ns 

• Power Bandwidth ••••••••••••••••••••••••• 1.9MHz 

• Offsat Voltage ••••••••••••••••••••••••••••• 1.0mV 

• Bias Current. •••••••••••••••••••••••••••••• 20pA 
The HA·516015162 offers a number of important advantages 
over similar FET input op amps from other manufacturers. In 
addition to superior bandwidth and settling characteristics, 
the Harris devices have nearly constant slew rate, band· 
width, and settling characteristics over the operating temper
ature range. This provides the user predictable performance 
in applications where settling time, full power bandwidth, 
closed loop bandwidth, or phase shift is critical. Note also 
that Harris specified all parameters at ambient (rather than 
junction) temperature to provide the designer meaningful 
data to predict actual operating performance. 

Applications 

• Video and RF Amplifiers 

• Data Acquisition 

• Pulse Amplifiers 

• Precision Signal Generation 

Ordering Information 

TEMPERATURE 
PART NUMBER RANGE 

HA2-516().2 -55°C to +12SOC 

HA2·5160-5 O"C to +7SOC 

HA2-5162-5 O"C to +75°C 

Pinout 

PACKAGE 

Complementing the HA·516015162's predictable and excellent 
dynamic characteristics are very low input offset voltage, very 
low input bias current, and a very high input impedance. This 
Ideal combination of features make these amplifiers most suit· 
able for precision, high speed, data acquisition system designs 
and for a wide variety of signal conditioning applications. The 
HA·5160 provides excellent performance for applicationS which 
require both precision and high speed performance. The 
HA-5162 meets or exceeds the performance specifICations of 
National's hybrid op amp, the LHOO62. 

8 Pin Can 

8 Pin Can 

8 Pin Can 

Military version (/883) data sheets are available upon 
request. 

HA-516015162 
(1"0-99 METAL CAN) 

TOP VIEW 

COMPENSATION 

Case connected to V· 

CAUTION: These davlces are sensRive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2911.1 
Copyright @Harris Corporation 1993 
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Specifications HA·S160, HA·S162 

Absolute Maximum Ratings 
Voltage Between V+ and V· •.....•.•...•..•••........•. 40V 
Differential Input Voltage •..•....•••••..••••••..•....... 40V 
Peak Output Current. • . • • • . . . . . • . •. Full Short Circuit Protection 
Junction Temperature (Note 2). . . • • • . . • • • . • • • . . • • . . • • + 175°C 
Lead Temperature (Soldering 10 Sec.) ..••..•...•...... +3OOoC 

Operating Conditions 
Operating Temperature Ranges 

HA·5160-2 •••.•..•.•••...•..•......•. ·55°C S TA S + 125°C 
HA-5160·5 ..••..•.•..••......•..•...••. OOC S TA S +75°C 
HA-5162·5 ..•...•••.•.•.•...••.••..••.. OOC S TA S +75°C 

Storage Temperature Range .••..•..•...•.. ·6500 S TA S +15O"C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may ca .... permenenl damage 10 the device. This is a stress only /Bting and opetBtion 
of the device at these or any oth.r conditions above those Indicated In the op6/Bt/onal sections of this specification is not impU.d. 

Electrical Specifications V+ = +15V, V· = ·15V, Unless Otherwise Specified. 

HA·S161l-2 HA·SI6Il-S HA-5162·S 
·ssoc to + 125°C O"C to + 75°C O"C to + 75°C 

PARAMETER TEMP MIN TYP MAX MIN TVP MAX MIN TVP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +2500 · 1 3 · 1 3 · 3 15 mV 

Full · 3 5 · 3 5 · 5 20 mV 

Offset Voltage Average Drift Full · 10 · · 20 · · 20 35 IlVfC 

Bias Current +2500 · 20 50 · 20 50 · 20 65 pA 

Full · 5 10 · 5 10 · 5 10 nA 

Offset Current +2500 · 2 10 · 2 10 · 2 10 pA 

Full · 2 5 · 2 5 · 2 5 nA 

Input CapaCitance +25°C · 5 · · 5 · · 5 · pF 

Input Resistance +2500 · 1012 · · 1012 · · 1012 · n 

Common Mode Range Full ±10 ±11 · ±10 ±11 · ±10 ±11 · V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25°C 75 150 · 75 150 - 25 100 · kVN 

Full 60 100 - 60 100 - 25 75 - kVN 

Common Mode Rejection Ratio Full 74 80 · 74 80 · 70 80 · dB 
(Note 4) 

Minimum Stable Gain +25°C 10 . · 10 - - 10 - · VN 

Gain Bandwidth Product (At ~ 10) Full · 100 · - 100 - · 100 · MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) +2500 ±10 ±11 · ±10 ±11 · ±10 ±11 · V 

Full ±10 ±11 - ±10 ±11 - ±10 ±11 · V 

Output Current (Note 6) +25°C ±10 ±20 - ±10 ±20 - ±10 ±20 · rnA 

Output Shori Circuit Current +25OC - ±35 - - ±35 - · ±35 · rnA 

Full Power Bandwidth (Note 3, 7) +2500 1.6 1.9 - 1.6 1.9 · 0.8 1.1 · MHz 

Output Resistance (Note 8) +2500 · 50 · · 50 · - 50 · n 
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Specifications HA-5160, HA-5162 

Electrical Specifications v+ = +15V, v- = -15V, Unless Otherwise Specified. (Continued) 

HA-5160-2 HA-5160-5 HA-5162-5 
-55"C to + 125°C O"C to +75OC O"C to +noc 

PARAMETER TEMP MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

TRANSIENT RESPONSE (Note 9) 

Rise Time +25"0 - 20 - - 20 - - 20 - ns 

Slew Rate +25"0 100 120 - 100 120 - 50 70 - VIlIS 

Settling Time (Note 10) +25"C - 280 - - 280 - - 400 - 118 

POWER SUPPLY CHARACTERISTICS 

Supply Current Fu" - 8 10 - 8 10 - 8 12 mA 

Power Supply Rejection Ratio +25"0 74 86 - 74 86 - 70 86 - dB 
(Note 11) 

NOTES: 

1. Absolute maximum raUngs are Hmltlng values, applied IndlvlduaUy, beyond which the serviceablUty of the circuit may be Impaired. Func-
Banal operabilIty under any of these conditions Is not necessarily Implied. 

2. See thermal constant In "DIe Characteristics" section. 

3. VOUT = tl0V, RL = 2kQ 
4. VCM .. tl0VDC 

5. ~=2kQ 

6. VOUT = tl0V 
Slew Rate 

7. Fu" Power BandwIdth guaranteed, based on slew rate measurement using FPBW = 
8. Output resistance measured under open loop conditions. 

9. Refer to Test circuits section of the data sheet, where,,", = +10. 

10. SeWing Time Is measured to 0.2% of final vaiue for a 10V output step and ""' = 10. 
11. VSUPPLY = tl0VDC to ±20VDC 
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HA-5160, HA-5162 

Schematic Diagram 

lJ v+ 
R8 RII ij- R10 R11 - ,t:J R13 R14 

'087 J3 
P431....J .... '" .... 

... P42 P12 P14 P16 P23 "" P27 

tt)N84')'\< 
~ C3 

N70 I'l N7i 

R50 
P1~ .... P13 P17 ...... .... .... .... P26 

'085 '~1l86 P24 P25 

R51 COMP 
~ .... Pl. ~ 

N2II 
P28 

Rl00 Pll D 

P73~ "V 
103 Ri 

C4 
P75 N2 

N4 N5 r~r-N3 D V 

P49 t.:..J ..,)P48 ~ F17 ~D58~ 
102 

D54 
R1 R1B 

J~ ~N31 P~~ Cl f-K P1 , 
D55 -lA· · -"ft ' -""P30 

P51 -j .. 
... Jl D60 -IN 

+IN , R18 Rig 
D63 N47 057 

'061 
"--

'~: P7~ 
pg 

Pl0~ F--Ie: P8 

N44 )N45 
>t- R15 

N62 
WjV+ 

N78 

N7B I'l r N77 

01 

OUT 

02 

R52 

N32 
N34 

R53 N37 

P7U P60 

~ 
KN40 N3B N38 N36 N35 

N41 I'l D68,r r r N33 

~ Rl R2 R3 R4 ~ R5 ~R6 R7 II-

Die Characteristics 

Transistor Count. • • • . . • • • • . . • • • . . . . . . . . • • • . . . • • • . . • . . . 82 
Die Dimensions .•.•••••••..•..•••....•••• 131 x 72 x 19 mils 

(3330lIm x 1830jlm x 48311m) 
Substrate Potential (Powered Up) .••••.•••••.•.•••.•••• None 

Process .................................. Bipolar/JFET 01 
Thermal Constants (OCm) 0JA 0JC 

HA2-516015162 (-2, -5, -7) .•••••••.•• 100 31 

2-551 

.J 
CUI Za: 
O!!:! 
!;i~ 
a: a. 
W::::E 
~C 



HA-5160, HA-5162 

Test Circuits 

"rt>. OUT 

'-i-20Gn 

~7 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: A = O.5V/Div., B = 5VlDlv. Vertical Scale: A = 10mVlDIv., B = 100mVlDiv. 

Horizontal Scale: Time = 500ns/D1v. Horizontal Scale: Time = 100ns/Div. 

1'\ 

OY 
I \ 

II \ OUTPUTB OUTPUTB 

" 
OY 

OY 

INPUT A INPUT A OY 

., I~ V .JY 

2N4418 -1= :ClLLOSCOPE 
SOOCl 51en 21en 

~ P<y = -10 
+15YY Feedback and summing resistors 

~t> . J should be 0.1% matched • 

• Clipping diodes are optional. * SOpF ·):Yom 

HP5082-2810 recommended. 
YIN ~ 2000 

-15Y 

21en 

FIGURE 2. SETILING TIME TEST CIRCUIT 
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HA-5160, HA-5162 

Typical Performance Curves 
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HA-5160, HA-5162 

Typical Performance Curves (Continued) 
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HA-5160, HA-5162 

Applying the HA-5160/5162 

1. POWER SUPPLY DECOUPLlNG: Although not absolute
ly necessary. it is recommended that all power supply 
lines be decoupled with 0.01 ~F ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. STABILITY: The phase margin of the HA-5160/5162 will 
be improved by connecting a small capacitor (> 1 OpF) be
tween the output and the inverting input of the device This 
small capacitor compensates for the input capacitance of 
the FET. 

Applications 
SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY* 

2kO 

21CKl 

OUT 
2kO I 

IN o-........ Mr----+-------I-

r--tV 
I 

V 
FIGURE 14. INVERTING UNITY GAIN CIRCUIT 

1SpF 

IN __ ,,::;3-1£001,,"00 
Fa I 

OUT 

FIGURE 15. NONINVERTING UNITY GAIN CIRCUIT 

3. CAPACITIVE LOADS: When driving large capacitive loads 
(>100pF). it is suggested that a small resistor (-1000) be 
connected in series with the output of the device and in
side the feedback loop. 

4. POWER SUPPLY MINIMUM: The absolute supply mini
mum is ±6V and the safe level is ±7V. 

INVERTING UNITY GAIN PULSE RESPONSE 
Vertical Scale: (Volts: 2V1Div.) 

Horizontal Scale: (Time: 500nsIDiv.) 

OUTPUT~~--r--+--r--r--+--+--~~~-+-~ 

NONINVERTING UNITY GAIN PULSE RESPONSE 
Vertical Scale: (Volts: 2VlDiv.) 

Horizontal Scale: (Time: 500nS/Div.) 

r.\ 

OUTPUT~-+--+--+--~~~-r--+--;~~~--~ 

* Values were determined experimentally for optimum speed and settling time. 
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Features 

• Low Offset Voltage ••••••••••••••••••••••••• 100I1V 

• Low Offset Voltage Drift ••••••••••••••••••• 2I1V/"C 
• Low Noise •••••••••••••••••••••••••••• 10nVI JHZ 
• High Open Loop Gain •••••••••••••••••••• 600kVN 
• Wide Bandwidth ••••••••••••••••••••••••••• 6MHz 

• Unity Gain Stable 

• Applications 
• High Gain Instrumentation Amplifiers 
• Precision Data Acquisition 

• Precision Integrators 

• Precision Threshold Detectors 
• For Further Design Ideas, Refer to App. Note 540 

Ordering Information 

PART NUMBER 

HA2·5170-2 

HA2-5170-5 

HA7-5170-2 

HA7-5170-5 

Pinouts 

TEMPERATURE 
RANGE 

·55"0 to + 125°C 

OOC to +75"0 

-55"C to + 125°C 

ooCto +75OC 

HA-SI70 
(CDIP) 

TOP VIEW 

PACKAGE 

8 Pin Can 

8 Pin Can 

8 Lead Ceramic 
DIP 

8 Lead Ceramic 
DIP 

Description 

HA-5170 
Precision JFET Input 
Operational Amplifier 

The Harris HA·5170 is a precision, JFET input, operational 
amplifier which features low noise, low offset voltage and low 
offset voltage drift_ Constructed using FETlBipolar technol
ogy, the Harris Dielectric Isolation (01) process, and laser 
trimming this amplifier offers low input bias and offset cur
rents. This operational amplifier design also completely elim
inates the troublesome errors due to warm-up drift. 

Complementing these excellent input characteristics are 
dynamic performance characteristics never before available 
from precision operational amplifiers. An BVll1s slew rate and 
8M Hz bandwidth allow the designer to extend precision 
instrumentation applications in both speed and bandwidth. 
These characteristics make the HA-5170 well suited for pre
cision integrator amplifier designs. 

The superior input characteristics also make the HA-5170 
ideally suited for transducer signal amplifiers, preciSion volt
age followers and precision data acquisition systems. For 
application assistance, please refer to Application Note 540 
addressing specifically this device. 

Military version (-B) product and data sheets available upon 
request. 

HA·5170 
(TO-99 METAL CAN) 

TOP VIEW 

NC 

CAUTION: These dwices are sensRive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2912.1 
Copyright @Harris Corporation 1993 ·2-556 



Specifications HA-S170 

Absolute Maximum Ratings (Note 1) 

TA = +2500, Unless Otherwise Specified 
Voltage Between V+ and V- Terminals .••••••....•...•... 44.0V 
Differential Input Voltage ••••••.•.•••.•••.•..•...•..... 3O.0V 
Output Short Circuit Duration •....•...•.•.•.•.•••••. Indefinite 
Junction Temperature (Note 2) ••••••.•.•.••....•.•... + 175°C 
Lead Temperature (Soldering 10 Sec.) •...•.....•...... +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-5170-2 .•.•...•.•.•.....•......... -55°C S TA S +1250C 
HA-5170-5 ....•.•••...•...•.....•...•.. OOCSTAS+750C 

Storage Temperature Range •..•••...•.•••. -65°C S TA S + 15O"C 
Thermal Package Charac1erlstics r'C/W) 9JA 9JC 

Ceramic DIP. . . . . •• . •. . . • • • • . . • •• • 113 34 
Can............................. 105 32 

CAUTION: stresses abow those listed In "Absolute Max/mum Ratings" may cause permanent damage to IhB device. This Is 8 S/rflSS only rating and operation 
of the device at IhBSII or any other conditions abow those indicated in IhB operational sections of this specif/cstion is notlmpNed. 

Electrical Specifications v+ = +15V, v- = -15V, Unless Otherwise Specified 

HA-5170-2 HA-5170-5 
·WC to + 125°C O"C to + 75°C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 0.1 0.3 - 0.1 0.3 mV 

Full - - 0.5 - - 0.5 mV 

Average Offset Voltage Drift (Note 3) Full - 2 5 - 2 5 "Vloo 

Bias Current +25OC - 20 100 - 20 100 pA 

Full - 3 30 - 0.1 2 nA 

Bias Current Average Drift Full - 3 - - 3 - pAf'C 

Offset Current +25OC - 3 30 - 3 60 pA 

Full - - 5 - - 0.1 nA 

Offset Current Average Drift (Note 3) Full - 0.3 1 - 0.3 1 pAf'C 

Common Mode Range Full ±10 +15.1 - ±10 +15.1 - V 

Full -12 - - -12 · V 

Differential Input Capacitance +25OC - 80 100 - 80 100 pF 

Differential Input Resistance (Note 3) +25°C lxl010 6xl01O - lxl010 6xl01O - n 

Input Capacitance (Single Ended) +25°C - 12 - - 12 - pF 

Input Noise Vo~age 0.1 Hz tol0Hz +25OC - 0.5 5 - 0.5 5 "Vp_p 
(Note 3) 

Input Noise Voltage Density (Note 3) 
\ 

fo = 10Hz +25°0' - 20 150 - 20 150 nVl./Hz 

fo = 100Hz +25°C - 12 50 - 12 50 nVl./Hz 

fo= 1000Hz +25°C - 10 25 - 10 25 nVl./Hz 

Input Noise Current Density (Note 3) 

fo = 10Hz +25°C - 0.05 - - 0.05 · pAI./Hz 

fo= 100Hz +25°C - 0.01 . - O.ot · pAl./Hz 

fo= 1000Hz +25°C - 0.01 0.1 . 0.01 0.1 pAl ./Hz 
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Specifications HA-5170 , 

Electrical Specifications v+ = +15V, v- = -15V, Unl8ss OIherwtse Specified 

HA-517G-2 
'. 

HA-5170-5 
-55"C to + 125"C O"C to ... 75"<: 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNrrs 

TRANSFER CHARACTERISTICS 

Large Signal VoII8ge Gain (Notes 4) +25OC 300 600 - 300 600 - kVN 

Full 200 - - 250 - - kVN 

Convnori Mode Rejection Ratio Full 85 100 - 90 100 - dB 
(Note 5) 

Minimum Stable Gain +25OC 1 - - 1 - - VN 

Closed Loop Bandwidth (AvcL = +1) +25°C 4 8 - 4 8 - MHz 

OUTPUT CI:iARACTERISTICS 

OUtput Voltage Swing (Note 6) +25OC ±10 ±12 - ±10 ±12 - V 

FuM Power Bandwidth (Note 7) +25OC 80 120 - 80 120 - kHz 

OUtput cUrrent (Note 8) +25OC ±10 ±15 - ±10 ±15 - rnA 

OUtput Resistance (Note 3 & 9) +25OC - 45 100 - 45 100 0 

TRANSIENT RESPONSE 

Rise Time +25OC - 45 100 - 45 100 ns 

Slew Rate +25OC 5 8 - 5 8 - VIJlS 

Settling TIme (Notes 3 & 10) +25OC - 1 5 - 1 5 l1li 

POWER SUPPLY CHARACTERISTICS 
. 

Supply Current Full - 1.9 2.5 - 1.9 2.5 rnA 

Power Supply Rejection Ratio Full 85 105 - 90 105 - dB 
(Note 11) 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceable of the circuit may be Impaired. Functional 
operable under any of these conditions Is not necessarily Implied. 

2. Maximum power dissipation must be designed to maintain junction temperature below + 175°C. 

3. Parameter is not 100% tested. 90% of au unlta meet or exceed these specifications. 

4. VOUT = ±10V, RL = 2kO. 

5. INCM = ±10VOC. 

6. RL = 2kO. . SlewRate 
7. ~ = 2kO; Full power bandwidth guaranteed based on slew rate measurement using FPBW = =2--'V-:--

" PEAK 8. VOUT = ±10V.lsc turns on at 523mA. 

9. OUtput resistance measured under open loop conditions (f = 100Hz). 

10. Settling time Is measured to 0.1 % of final value for a 10V output step and Av = -1. 

11. V+=+15V, V-= -10V to -20V andV-=-15V, V+ = +10Vto +20V. 
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HA-5170 

Test Circuits 

y-

• >--0 OUT 

5 

FIGURE 1. VosADJUSTMENT 

Tested Offset Adjustment Range Is IVos + 1mVl minimum referred 
to output. Typical range Is ±5mV with Rr = 1 kn and ±15mV with 
Rr= 100kn. 

LARGE SIGNAL RESPONSE 

Vertical Scale: 5VlDiv. 
Horizontal Scale: 1l1s1Div. 

>~~-'V'IJ\v-...... -o OUT 

2.5MO 
;: 10Hz FILTER 

Av-25,OOO 

FIGURE 3. LOW FREQUENCY NOISE TEST CIRCUIT 

I OOUT 

~50PF 

FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 

SMALL SIGNAL RESPONSE 

Vertical Scale: 10mVlDiv. 
Horizontal Scale: 1 COns/Diy. 

HA-5170 LOW FREQUENCY NOISE (0.1 Hz TO 10Hz) 

Vertical Scale: 200nVlDiv. (Noise Referred t() Input) 
5mVlDiv. at Output, """CL = 25,000. 

Horizontal Scale: 1 s.lDiv. 
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HA-5170 

Typical Performance Curves 
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HA-5170 

Typical Performance Curves (Continued) 
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Typical Performance Curves (ConUnued) 
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Features 
• Low Offset Voltage •••••••••••••••••••••••••• 20I1V 

• Low Offset Voltage Drift •••••••••••••••••• O.2I1VJOC 

• High Voltage Gain ••••••••••••••••••••••••• 150dB 

• High CMRR ••••••••••••••••••••••••••••••• 140dB 

• High PSRR ••••••••••••••••••••••••••••••• 135dB 

• Low Noise •••••••••••••••••••••••••••• 9.0nVNRZ 

• Low Power Consumption •••••••••••••• S1mW Max. 

Applications 
• High Gain Instrumentation Amplifiers 

• Precision Control Systems 

• Precision Intagrators 

• High Resolution Data Converters 

• Precision Threshold Detectors 

• Low Level Transducer Amplifiers 

Ordering Information 

PART NUMBER 

HA2-S1n-2 

HA2-S1n-S 

HA3-S1noS 

HA7-S1n-2 

HA7oS1n-S 

HA9PS1n-S 

Pinouts 

TEMPERATURE 
RANGE 

-55"0 to +12SoC 

O"C to +7SoC 

O"C to +75"C 

-55"0 to + 125"C 
O"C to +75"C 

O"C to +75"C 

HA-S1n 
(pDIP, CDIP, SOIC) 

TOP VIEW 

PACKAGE 

8 Pin CAN 

8 Pin CAN 

8 Lead Plastic DIP 

8 Lead Ceramic DIP 

8 Lead Ceramic DIP 

8 Lead SOIC 

BAL8BAL 
~N _ v+ 

+IN OUT 

~ NC 

Description 

HA-5177 
Ultra-Low Offset Voltage 

Operational Amplifier 

The HA-51n is a monolithic, all bipolar, precision opera
tional amplifier, utilizing Harris dielectric Isolation and 
advance processing techniques. This design features a com
bination of precision Input characteristics, wide bandwidth 
(2MHz) and high speed (O.8V1ILS). 

The HA-51n uses advanced matching techniques and laser 
trimming to produce low offset voltage (20I1V) and low offset 
voltage drift (O.2I1VJOC). This design also features low volt
age noise (9.0nVNfu), low current noise (1.2pANHz), nanc
amp input currents, and 120dB minimum gain. 

These outstanding features along with high CMRR (l4OdB) 
and high PSRR (l35dB) milke this unity gain stable amplifier 
ideal for high resolution data acquisition systems, precision 
integrators, and low level transducer amplifiers. 

The HA-51n can be used as a direct replacement for the 
OPOS, OP07, and opn while offering higher bandwidth and 
slew rate. See the HA-51n/883 data sheet for military grade 
parts and LCC package. 

HA-5177 
(TOogg METAL CAN) 

TOP VIEW 

~~mn 
+I~C 

~ 

CAUTION: These devices are sensiliw to electrostatic discharge. Users should follow proper I.e. Handling Procedures. File Number 2913.1 
Copyright @ H~rris Corporation t993 
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Specifications HA-S177 

Absolute Maximum Ratings (Note 1) 

Supply Voltage Between v+ and V- Terminals •••.•.....•..• 44V 
Differential Input Voltage .••.•.••••.•..•.•.......•.•.••.. 7V 
Output Current. • • • . • . • • • . • . • • . • . • . • •. Short Circuit Protected 
Junction Temperature. • • • . . • • . • . • • . . • • • . • • • • . • • . • . • + 175°C 
Junction Temperature (Plastic Package) ••••••••.•••.•• +15O"C 
Lead Temperatura (Solderlng 10 Sec.) ..•••.••..•...... +3OO"c 

Operating Conditions 
Operating Temperature Range 

HA-5171-2 ..••••.••.•.••...•.•.••.••• -55"C:S; T,,:s; +1250 C 
HA-5171-5 ••••••.••••.••••••.•••••••••• O"C:s; T,,:s; +75°C 

Storage Temperature Range .••.•.•.•.••••• -65"C:S; T,,:s; +15O"C 

CAUTION: SITessss above /hose listed In "Abso/utB Mtudrnum Ratings' may cause permenenl damage /0 the dtwice. ThIs is a stress only tating and Dp/JI8tion 

of the devlca al theae or any 0/11., conditions abow /hose Indicatad In /he Dp/JI8tional ssctJons of /his spacification is not Inplied. 

Electrical Specifications V+ = +15V, V- = -15V, Unless Otherwise Specified 

HA-5177 

PARAMETER TEMP MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 20 60 "V 

Full - 40 100 "V 

Average Offset Voltage Drift Full - 0.2 0.6 "Vi"C 

Bias Current +25OC - 1.2 6 nA 

Full - 2.4 8 nA 

Bias Current Average Drlft Full - 15 35 pAi"C 

Offset Current +2500 - 0.6 6 nA 

Full - 1.0 8 nA 

Offset Current Average Drift Full - 1.5 50 pAf'C 

Common Mode Range Full ±12 - - V 

Differential Input Resistance +25OC - 47 - Mel 

Input Noise Voltage 0.1 Hz to 10Hz +25°C - 0.35 0.6 "Vp.p 

Input Noise Voltage Density 

fo = 10Hz +25°C - 13 18 nVNHi. 

fo = 100Hz +25°C - 10 13 nVNHi. 

fo= 1000Hz +25°C - 9 11 nVNHi. 

Input Noise Current 0.1 Hz to 10Hz +25°C - 14 45 pAp.p 

Input Noise Current Density 

fo = 10Hz +25°C - 7.1 10 pANHz 

fo = 100Hz +25°C - 3.3 5 pANHz 

fo= 1000Hz +25OC - 1.2 2 pANHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 2) +25OC 126 150 - dB 

Full 120 140 - dB 

Common Mode Rejection Ratio (Note 3) Full 110 140 - dB 

Closed Loop Bandwidth (AvCL = +1) +25°C 0.6 2 - MHz 
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Specifications HA-5177 

Electrical Specifications v+ .. +15Y, v-. -15V, Unless Otherwise Specified (Continued) 

HA-51n 

PARAMETER TEMP MIN TYP MAX UNITS 

OUTPUT CHARACTERISTICS 

Output Voltage SWIng 

1\=6000 +25°C ±10 ±12.5 - V 

1\=21<0 +250C ±12 ±13 - V 

1\=21<0 Full ±12 ±12.5 - V 

Full Power Bandwidth (Note 5) +25°C 8 10 - kHz 

Output Current (Note 6) +25OC 15 20 - mA 

Output Resistance +25°C - 60 - 0 

TRANSIENT RESPONSE 

Rise Time (Note 10) +25°C - 310 420 lIS 

Slew Rate (Note 11) +25°C 0.5 0.8 - VIlIS 

Settling Time (Notes 7, 8) +25°C - 14 - . lIS 

Overshoot (Note 10) +25°C - 10 40 % 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full - 1.2 1.7 mA 

Power Supply Rejection Ratio (Note 9) Full 110 135 - dB 

NOTES: 

1 •. Absolute maximum ratings are limiting values, applied Individually beyond which tha serviceability of the circuit may be Impalred. Func-
tional operability under any of these conditfons is not necessarily Implied. 

2. Vour = ±10V, RL = 21<0. 

3./iVCM =±10VD.C. 

4. RL = 21<0. Slew Rate 
5. Full power bandwidth guaranteed based on slew rate measurement using FPBW = 2 V ' V PEAK = 10V 

6. Vour =±10V. " PEAK 

7. Refer to test circuits section of the data sheet 

8. Settling time is measured to 0.1 % of final value for a 10V output step and Av = +1. 

9. l\VSUPPLY = ±10V D.C. to ±20V D.C. 

10. Av = 1, RL = 21<0, Your = ±200mV. 

11. Av= 1, RL = 21<0, Vour =Oto±3V. 
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HA-S177 

Schematic Diagram 

R18 

OUT 
R1S 

~--~------------4-----~~--------~~----------~--~~~~~-------4--o~ 

Die Characteristics 

Transistor Count. . . • . . • . • • . . . • • • • • . • • • • . . • • • • . . • • • • • • • 71 
Ole Dimensions .•.•••••. • • . • . • • • • . . . . •• 102 x 71.7 x 19 mils 

(2590 x 1820 x 485Ilm) 

Substrate Potential" •.•••••..•••.•...•...•.•.••••.••••.. v-
Process. . • • • • . . . • • • . • • • • . . • • • • • •. High Frequency Bipolar 01 
Passivation ...••..•••••..•.•• : •..•.....•....•.•..••• Silox 
Thermal Constants fC/W) OJA OJC 

Ceramic Mini-DiP................... 113 34 
TO-99 Metal Can. . •• • • . . • • • . ••• •••• 124 38 
Plastic Mini DIP. . . • • • • . • . . • . • • • • • • • • 92 30 
SOIC ••.•• :....................... 157 42 

" The substrate may be left Hoating (Insulating Ole Mount) or It may 
be mounted on a conductor at V- potential. 
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Test Circuits 

FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 

FIGURE 2. SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: 100mVlDiv.) 
Horizontal Scale: (TIme: 2I1SfDiv.) 

+15V 

FIGURE 3. LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: 5VlDlv.) 

Horizontal Scale: (Time: 5I1SfDiv.) 

.--",,",5IVkn~_~5IAkntv-., ~ClLLOSCOPE 
2N4416 f 

2kn 

• Ay=-l 

VOUT • Feecllack and summing resistors 

FIGURE 4. SETILING TIME CIRCUIT 
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HA-5177 

Typical Performance Curves Vs = ±15V, T ... = +250C 
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Typical Performance Curves Vs = ±15V, TA = +25"C (Continued) 
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Typical Performance Curves Vs = ±15V, TA = +25"C (Continued) 
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Typical Performance Curves Vs =±15V, TA =+25"C (Continued) 
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HA-5177 

Applications Information 
Operation Below 15V Supply 

The HA-51 n performs well down to ±SV supplies. At ±SV 
supplies there is a slight degradation of slew rate and open 
loop gain. There is very little change in bias currents and off
set voltage. 

Offset Adjustment 

The following is the recommended VIO adjust configuration: 

+15V 

3 

2 

Setting Rp = 20K will give an adjustment range of ±2.6mV. 

Input Protection 

The HA-51n Input stage has built in back-to-back protection 
diodes with series current limiting resistors. 

V+ 

2 

8 

3 

Yo 

The Bias currents will increase when a differential voltage of 
0.7 volts is exceeded. 

The internal current limiting resistors sufficiently limit cur
rent therefore. no external resistors are required. 

Refer to the "Bias Current vs Differential Input Voltage" 
curve in the Typical Performance Curves section 
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HA-5190, HA-5195 

March 1993 

Features 

• Fast Settling Time (0.1%) •••••••••••••••••••• 70ns 

• Very High Slew Rate ••••••••••••••••••••• 200VlJ,l8 

• Wlde,Galn-Bandwldth (Ay ~ 5) ••••••••••••• 150MHz 

• Power Bandwidth ••••••••••••••••••••••••• 6.5MHz 

• Low Offset Voltage •••••••••••••••••••••••••• 3mV 

• Input Noise Voltage •••••••••••••••••••••• 6nVNHZ 

• Bipolar 0.1. Construction 

Applications 
• Fast, Precise D/A Converters 

• High Speed Sample-Hold Circuits 

• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

Ordering Information 

TEMPERATURE 
PART NUMBER RANGE PACKAGE 

HA1·5190-2 -5500 to +125°C 14 Lead Ceramic DIP 

HAl-5195-5 O"C to +7500 14 Lead Ceramic DIP 

HA2-5190-2 -5500 to + 125°C 12 Pin Can 

HA2-5195-5 O"C to +7500 12 Pin Can 

HA9P5195-5 O"C to +7500 14 Lead SOIC 

HA9P5195-9 -4O"C to +8500 14LeadSOlC 

Pinouts 

Description 

Wideband, Fast Settling 
Operational Amplifiers 

HA-519015195 are monolithic operational amplifiers 
featuring a combina~ion of speed, precision, and bandwidth. 
Employing monolithic bipolar construction coupled with 
Dielectric Isolation, these devices are capable of delivering 
200VlllS slew rate with a settling time of 70ns (0.1%, 5V 
output step). These truly differential amplifiers are designed 
to operate at gains ~ 5 without the need for external 
compensation. Other outstanding HA-519015195 features 
are 150MHz gain bandwidth product and 6.5MHz full power 
bandwidth. In addition to these dynamic characteristics, 
these amplifiers also have excellent input characteristics 
such as 3mV offset voltage and 6.0nV/-.JHi input IIOltage 
noise at 1 kHz. 

With 200VlJ,1s slew rate and 70ns settling time, these devices 
make ideal output amplifiers for accurate, high speed D/A 
converters or th,e main components in high speed sample! 
hold circuits. The 519015195 are also ideally suited for a 
variety of pulse and wideband video amplifiers. Please refer 
to Application Notes 525 and 526 for some of these 
application designs. 

At temperatures above +750C a heat sink is required for the 
HA-5190 (see Note 2 and Application Note 556). For military 
versions, please request the HA-5190/883 data sheet. 

HA-519015195 
(CDIP) 

TOP VIEW 

HA-5195 
(SOIC) 

TOP VIEW 

HA-519015195 
(TO-8 METAL CAN) 

TOP VIEW 

+IN 

Case Tied To V-

CAUTION: These dwicas are sensRiw to electrostatic discharge. Usars should follow proper I.C. Handling Procedures. File Number 2914.1 
Copyright@Harris Corporation 1003 
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Absolute Maximum Ratings 

Specifications HA-5190, HA-5195 

Operating Conditions 
Operating Temperatura Ranges Voltage Between V+ and V- •••..•••.•••••••••..••.•.•.• 35V 

Differential Input Voltage .•.••••.•.•.••.•••••••.•..•••••• 6V 
Output Currant ••••••••••.••••.••••••••••.•••• 50mA (Peak) 
Junction Temperature (Nota 1). • • • • • . • • . • • • • . • • . • • • . • + 175°C 
Junction Temperature (Plastic Packages). • • • • • • • • . • • . .• + 15O"C 
Lead Temperature (Soldering 10 Sec.) •..••.........•.. +3OO"C 

HA-5190-2 •.•••••.....••.••••••.••••• -55"C S TA S +125°0 
HA-5195-5 •••.•••••••••.••••••••••.••.• O"C S TA S +75"C 
HA-5195-9 ••••••....•.•...••..•....•.• -4O"C S TA S +85"C 

Storage Temperature Range .•••••••.•••••• -65"C S TA S +15O"C 

CAUTION: stresses allow those //stsd In "Absolute Maximum Ratings" may ca .... permanent damage to the device. This is a stress only rating and operation 
of the dsvice at these or any oth6r conditions abo .. those Indicatsd in ",., operational sections of this specification Is not i""Hed. 

Electrical Specifications VSUPPlY = ±15V, RL = 2000, Unless Otherwise Specified 

HA-5190-2 HA-5195-5, -II 

PARAMETERS TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 3 5 - 3 6 mV 

Full · · 10 · - 10 mV 

Average Offset Voltage Drift Full - 20 · - 20 - "Vf'C 

Bias Current +25°C · 5 15 · 5 15 Jl.A 
Full - · 20 · - 20 Jl.A 

Offset Current +25°C - 1 4 - 1 4 Jl.A 
Full · · 6 · - 6 Jl.A 

Input Resistance +25OC · 10 · · 10 · kO 

Input Capacitance +25°C · 1 - · 1 · pF 

Common Mode Range Full ±5 · · ±5 · - V 

Input Noise Current (I = 1 kHz. Rg = 00) +25OC · 5 · · 5 · pANHz 

Input Noise Voltage (I = 1kHz, Rg = 00) +25°C - 6 · · 6 · nVNHi. 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 2) +25OC 15 30 · 10 30 · kVN 

Full 5 · · 5 · · kVN 

Common Mode Rejection Ratio (Note 3) Full 74 95 · 74 95 · dB 

Minimum Stable Gain +25°C 5 · · 5 · - VN 

Gain-Bandwidth-Product (Nota 4) +25°C · 150 · 150 - - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 2) Full ±5 ±8 - ±5 ±8 · V 

Output Current (Note 2) +25°C ±25 ±30 · ±25 ±30 · mA 

Output Resistance +25°C - 30 · - 30 - 0 

Full Power Bandwidth (Notes 2, 5) +25°C 5 6.5 - 5 6.5 · MHz 

TRANSIENT RESPONSE (Nota 6) 

Rise Time +25OC - 13 18 · 13 18 ns 

Overshoot +25OC - 8 · - 8 - % 

Slew Rata +25OC 160 200 · 160 200 - VlJl.5 

Settling Time (Nota 6) 

5V Step to 0.1% +25°C - 70 · - 70 - ns 
5V Step to 0.01% +25°C - 100 · · 100 - ns 

2.5V Step to 0.1% +25°C · 50 - · 50 · ns 

2.5V Step to 0.01% +25"C - 80 · - 80 · ns 
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Specifications HA-5190, HA-5195 

Electrical Specifications VSUPPLY = ±15V, RL = 2000, Unless Otherwise Specified (Continued) 

I I HA-5190-2 I HA-Sl95-S, -9 I 
PARAMETERS TEMP I MIN ITYPIMAXI MIN I TYP IMAXI UNITS 

POWER SUPPLY CHARACTERISTICS 

Supply Current I Full I - I 19 I 28 I - I 19 I 28 I rnA 

Power Supply Rejection Ratio (Note 7) I Full I 70 I 90 I - I 70 I 90 I - I dB 

NOTES: 

1. Recommended heat sinks: For T0-8 Metal Can, Thermalloy #2240A (9SA = 2"rClW) or #2268B (9SA = 24°ClW). For 14 lead Ceramic 
DIP: AAVID #5602B (9SA = 16"CIW). See Ole Characteristics section for 9J11!9JC values. 

2. ~=20on,CL<10pF,VOUT=±5V. 

3. tNCM =±5V. 

4. Your = 9OmV, Ay = 10. 
5. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = 
6. Refer to Test Circuits section of the data sheet 

7. 6VSUPPLY = ±10VDC to ±20VDC. 

Schematic Diagram 
~ ................ ~ .................... -. .... ~~ ............ ~ .... +-................ ~ .... +-~~ .... +-.... ~ .... ~~+v 

OUT 

R31 
~ ................ 4-""""""~~""""~--""-4""""~"""""""""",,,,~,,,,~,,,,~,,,,~~ 
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HA-5190, HA-5195 

Die Characteristics 

Transistor Count ••..•.••..•..••••.••••...•.•...• 49 Thermal Constants fClW) 8JA 8JC 
Die Dimensions •.•••.•••..• 0.087 x 0.052 x 0.019 inches Ceramic DIP •..•.•••••...•....• 71 14 
(2210 x 1320 x 483 mm) Metal Can •••....••...••.•.••.• 63 30 
Substrate Potential (Powered Up)· •.•••.•.•••..•••.. v- SOIC ...•••••••••..••..••••... 119 36 
Process ...•.•. High Frequency Bipolar Dielectric Isolation 

* The substrata may be left noatlng (Insulating Die Mount) or It may 
Passivation .•..••.•..••••••••..•••.••••...•• Nitride be mounted on a conductor at V- potential. 

Test Circuits 

IN 0-~ 
OUT rKBkn . P.,=5 

200Q ·CL <10pF 

4000 

V 
FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT* 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: A = 2.0VlDIv., B = 4.OIDlv.) Vertical Scale: (Volts: A = SOmVIDIv., B = 100mVlDIv.) 

Horizontal Scale: (Time: 100nslDlv.) Horizontal Scale: (Time: 100nsIDlv.) 

: 

:;:- , ; II \ YOUT 110% B 
B .; Your B J. , 

.fly 10% ; .... .... ... .... .. ~ ~ ... I .... ... , , .. , 

y'" . : I A I 
YIN ~ A ~ 

~ YIN 

-1Y 

E~ • P.,=-5 

4000 • Load Capacitance should be lass lhan 10pF. 
IN 

rn~ 
OUT • II is recommended that resistors be carbon composition and that 

, ~ ,~ 
J.. PROBE feedback and summing network ratios be matched 10 0.1%. 

~ MONITOR • Settle Point (Summing Node) capacitance should be less than 
1kQ 10pF. For optimum settling time results, it is recommended that 

the test circuit be constructed directly onlo Ihe device pins. A 
TektroniX 568 Sampling Oscilloscope wllh S-3A sampling heads 

SETTLE 2kQ Is recommended es a settle poinl monilor. 

POINT 
5kQ 

FIGURE 2. SEnLlNG TIME TEST CIRCUIT 

2-577 

~cn Za: 
OW 
~§ 
a: a.. 
w:::& 
~C 



HA-5190, HA-5195 

Typical Performance Curves v+ = +15V, V- = -15V, TA = +25°C, Unless Otherwise Specified. 
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HA-5190, HA-5195 

Typical Performance Curves v+ = +15V, V- = -15V, TA = +250C, Unless Otherwise Specified. (Continued) 
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HA-5190, HA-5195 

Applying the HA-5190/5195 

1. POWER SUPPLY DECOUPUNG: Although not abso· 
lutely necessary. it is recommended that all power supply 
lines be decoupled with 0.0111F ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 

2. STABIUTYCONSIDERATIONS: HA-5190/5195isstable 
at gains> 5. Gains < 5 are covered below. Feedback reo 
sistors should be of carbon composition located as near 
to the input terminals as possible. 

3. WIRING CONSIDERATIONS: Video pulse circuits should 
be built on a ground plane. Minimum point to point con· 
nections directly to the amplifier terminals should be 

used. When ground planes cannot be used. good single 
point grounding techniques should be applied. 

4. OUTPUT SHORT CIRCUIT: HA-519015195 does not 
have output short circuit protection. Short circuits to 
ground can be tolerated for approximately 10 seconds. 
Short circuits to either supply will result in immediate de
struction of the device. ' 

5. HEAVY CAPACITIVE LOADS: When driving heavy ca· 
pacitive loads (> 100pF) a small resistor ( 1000) should 
be connected in series with the output and inside the 
feedback loop. 

Typical Applications (Also see Application Notes 525 and 526) 

W'ED "... co: 1":""'" 
R1 7500* 

Vertical Scale: (Volts: 2VlDlv.) 
Horizontal Scale: (TIme: 100ns/DiY.) 

l1 

" INPUT 1--+-+-+-+-4-+-1-+--+-1 
-

... 
IN ~1~ 1:> i' OUT 

~. 200n 

1kn* 

OUTPUT 

INPUT 

Vertical Scale: (Volts: 2V lDiY.) 
Horizontal Scale: (TIme: 100ns/Div.) 

uti....... III III IIi ~'II III 

J 

• Values were determined experimentally for optimum speed and settling time. R1 and C1 should be optimized 
for each particular application to ensure best overall frequency response. 

FIGURE 14. SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY: NONINVERTING 

1kn 

1kn .... 
IN -...I\IVIr--.......... 

~-OUT 
200n 

OUTPUT 

Vertical Scale: (Volts: 2VlDiv.) 
Horizontal Scale: (SOns/DiY.) 

\ I 
,,\. II, 

INPUT I-+--It-+-II--::E~-tl-t-+-+--i 

FIGURE 15. SUGGESTED COMPENSATION FOR INVERTING UNITY GAIN 
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HA-5190, HA-5195 

Typical Applications (Also see Application Notes 525 and 526) (Continued) 

IN 

~:c::rl'" 120n 75n .n. 
·~son 

Slen V.¢. 

1IIn 

FIGURE 16. VIDEO PULSE AMPLIFIERI75C COAXIAL DRIVER FIGURE 17. VIDEO PULSE AMPLIFIER COAXIAL LINE DRIVER 
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HA-5221, HA-5222 

March 1993 

Features 
• Gain Bandwidth Product •••••••••••••••••• 100MHz 

• Unity Gain Bandwidth ••••••••••••••••••••• 35MHz 

• High Slew Rate ••••••••••••••••••••••••••• 35V/IlS 

• Low Offset Voltage ••••••••••••••••••••••••• O.3mV 

• High Open Loop Gain •••••••••••••••••••••• 128dB 

• Channel Separation at 10kHz •••••••••••••••• 110dB 

• Low Noise Voltage at 1kHz •••••••••••••• 3.4nVl'liii 

• High Output Current ••••••••••••••••••••••• 56mA 

• Low Supply Current per Amplifier ••••••••••••• 8mA 

Applications 

• Precision Test Systems 

• Active Rlterlng 

• Small Signal Video 

• Accurate Signal Processing 

• RF Signal Conditioning 

Pinouts (See Ordering Information on Next Page) 

HA-5221 (pDIP, CDIP, SOIC) 
TOP VIEW 

-BA
L8+BAL -IN _ Y+ 

+IN OUT 

y. NC 

HA·5222 (PDIP, 300 mil SOIC) 
TOP VIEW 

OUT1 Y+ 

NC NC 
NC 
NC 
OUT2 

NC 
NC 

Low Noise, Wide band 
Precision Operational Amplifiers 

Description 
The HA·5221/5222 are single and dual high performance 
dielectrically isolated, monolithic op amps, featuring preci
sion DC characteristics while providing excellent AC charac
teristics. Designed for audio, video, and other demanding 
applications, noise (3.4nV/v'RZ at 1kHz), total harmonic dis
tortion « 0.005%), and DC errors are kept to a minimum. 

The precision performance is shown by low offset IIOltage 
(0.3mV), low bias currents (40nA), low offset currents 
(15nA), and high open loop gain (12BdB). The combination 
of these excellent DC characteristics with the fast settling 
time (0.41lS) make the HA-5221/5222 ideally suited for preci
sion signal conditioning. 

The unique design of the HA-5221/5222 gives them out
standing AC charaCleristics not normally associated with 
precision op amps, high unity gain bandwidth (35MHz) and 
high slew rate (35V1lls). Other key specifications include 
high CMRR (95dB) and high PSRR (100dB). The combina
tion of these specifications will allow the HA-5221/5222 to be 
used in RF Signal conditioning as well as video amplifiers. 

For MIL-STD-883C compliant product and Ceramic LCC 
packaging, consult the HA-5221/52221883C data sheet. 

HA-5221 (TO-99 METAL CAN) 
TOP VIEW 

+BAL 

HA-5222 (CDIP) 
TOP VIEW 

OUT1~Y+ 
-IN 1 2 OUT 2 

+IN1 3 -IN 2 

.... 4 +IN2 

CAUTION: These dill/ices are sensitiw to electrostatic discharge. Users should follow proper I.e. Handling Procedures. File Number 2915.1 
Copyright @ Harris Corporation 1993 
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HA-5221, HA-5222 

Ordering Information 
TEMPERATURE TEMPERATURE 

PART NUMBEA RANGE PACKAGE PART NUMBER RANGE PACKAGE 
HA2-5221-5 OOC 10+7500 8 Lead CAN HA3-5222-5 OOC 10+7500 16 Lead Plastic DIP 

HA2-5221-9 -4O"C 10 +85"C 8 Lead CAN HA3-5222-9 -4O"C 10 +8SOC 18 Lead Plastic DIP 

HA3-5221-5 OOC 10 +7500 8 Lead Plastic DIP HA7-5222-5 OOC 10 +7500 8 Lead Ceramic DIP 

HA7-5221-5 OOC 10+7500 8 Lead Ceramic DIP HA7-5222-9 -4O"C 10 +85°C 8 Lead Ceramic DIP 

HA7-5221;.a -4O"C 10 +85°C 8 Lead Ceramic DIP HA9P5222-5 OOC 10 +7500 16 Lead Wide Body 

HA9P5221-5 O"C to +7500 8 Lead SOIC SOIC 

HA9P5222-9 -4O"C 10 +85OC 16 Lead Wide Body 
SOIC 
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Specifications HA-S221, HA-S222 

Absolute Maximum Ratings (Note 1) 

Supply Voltage Between V+ and V- Terminals •••.•••••••..• 35V 
Differential Input Voltage (Note 14) .••.•...•.••....•.•••... 5V 
Output Current Short Circuit Duration ••.•.••••.•...•• Indefinite 
Junction Temperature. . • • • • . • . . • • • • . • . • • • • . • . . • . • •• + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) •........•.....•. +3oooC 

Operating Conditions 
Operating Temperature Range 

HA-5221/5222-9 •..•••••••.•••..••••••. -4O"C ~ TA ~ +85°C 
HA-5221/5222-5 •••••••••••••••••••••••• ooC ~ TA:S; +750C 

Storage Tamperature Range ••••••..••••..• -6500 ~ TA ~ + 15O"C 

CAUTION: S_IIS sbave those listed in "Abso/uts Maximum Ratings" may cause permanent damage to Ihs dsvlcs. This is a stress only taling and opstalion 
of the dsvlcs .tllNJss or any other conditions ebave those Indicated In Ihs opstation81 sections of this spaciflcation is not implisd. 

Electrical Specifications V+ = 15V, v- = -15V, Unless Otherwise Specified 

HA-5221-9 .. HA-5222-9 HA-5221-5 .. HA-5222-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage +2500 - 0.30 0.75 - 0.30 0.75 mV 

Full - 0.35 1.5 - 0.35 1.5 mV 

Average Offset Voltage Drift Full - 0.5 - - 0.5 - JlVFC 

Input Bias Current +2500 - 40 80 - 40 100 nA 

Full - 70 200 - 70 200 nA 

Input Offset Current +25OC - 15 50 - 15 100 nA 

Full - 30 150 - 30 150 nA 

Input Offset Voltage Match +2500 - 400 750 - 400 750 JlV 

Full - - 1500 - - 1500 JlV 

Common Mode Range +2500 ±12 - - ±12 - - V 

Differential Input Resistance +2500 - 70 - - 70 - kn 

Input Noise Voltage 

10= 0.1 Hz to 10Hz +2500 - 025 - - 025 - JlVp-p 

Input Noise Voltage 

10 = 10Hz +2500 - 6.2 10 - 6.2 10 nVNHz 

Density (Note 2,15) 

10 = 100Hz +2500 - 3.6 6 - 3.6 6 nVNHz 

10= 1000Hz +2500 - 3.4 4.0 - 3.4 4.0 nVNHz 

Input Noise Current 

10= 10Hz +2500 - 4.7 8.0 - 4.7 8.0 pANHz 

Density (Note 2, 15) 

10 = 100Hz +2500 - 1.8 2.8 - 1.8 2.8 pANHz 

10= 1000Hz +2500 - 0.97 1.8 - 0.97 1.8 pANHz 

THD+N (Note 3) +2500 - <0.005 - - <0.005 - "10 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) +2500 106 128 - 106 128 - dB 

Full 100 120 - 100 120 - dB 

Common Mode Rejection Rallo Full 88 95 - 86 95 - dB 
(Note 5) 

Unity Gain Bandwidth (-3dB) +2500 - 35 - - 35 - MHz 
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Specifications HA-5221, HA-5222 

Electrical Specifications v+ = 15V, V- = -15V, Unless Otherwise Specified (Continued) 

HA-5221-9 & HA-5222-9 HA-5221-5 & HA-5222-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

Gain Bandwidth Product +25"C - 100 - - 100 - MHz 
(1 kHz to 400kHz) 

Minimum Stable Gain Full 1 - - 1 - - VN 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

RL =333O Full ±10 - - ±10 - - V 

RL=1kn +25"C ±12 ±12.5 - ±12 ±12.5 - V 

RL= 1kn Full ±".5 ±12.1 - ±".5 ±12.1 - V 

Output Current (Note 6) Full ±30 ±56 - ±30 ±56 - rnA 

Output Resistance +25"C - 10 - - 10 - 0 

Full Power Bandwidth (Note 7) +25°C 398 557 - 398 557 - kHz 

Channel Separation (Note 8) +25°C - 110 - - 110 - dB 

TRANSIENT RESPONSE (Note 13) 

Slew Rate (Note 9,15) Full 25 35 - 25 35 - V/IJS 

Rise Time (Note 10, 15) Full - 13 20 - 13 20 lIS 

Overshoot (Note 10, 15) Full - 28 50 - 28 50 % 

Settling Time (Note 11) 

0.1% +25"C - 0.4 - - 0.4 - IJS 

0.01% +25"C - 1.5 - - 1.5 - IJS 

POWER SUPPLY 

PSRR (Note 12) Full 86 100 - 86 100 - dB 

Supply Current Full - 8 11 - 8 11 mNOpAmp 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability 01 the circutt may be Impaired. Func-
tional operation under any 01 these conditions Is not necessarily ImpUed. 

2. Reier to typical performance curve in data sheet 

3. AvCL= 10, 10 = 1kHz, Vo = 5Vrms, RL = 6000, 10Hz to 100kHz, Minimum resolution 01 test equipment is 0.005%. 

4. VOUT = 0 to ±10V, RL = 1 K, CL = 5OpF. 

5. VCM = ±10V. 

6. VOUT = ±10V. Slew Rate 
7. Full Power Bandwidth is calculated by: FPBW = 2 V ' V Peak _ 10V 

lI: Peak 
8. HA-5222 only, 10 = 10kHz, RL = 1K, CL = 5OpF. 

9. ,VOUT = ±2.5V, RL = 1 K, CL = 5OpF. 

10. VOUT =±100mV, ~ = 1K, CL = 50pF. 

11. Settling time is specified lor a 10V step and Av = -1. 

12. Vs =±10Vto±20V. 

13. See Test Circuits. 

14. Input is protected by back-te-back zener diodes. See applications section. 

15. Guaranteed by characterization. 
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HA-5221, HA-5222 

Die Characteristics 

Transistor Count 
HA-5221 .••••..••.....••.....•.....••......•. 64 
HA-5222 .•....................••......•...•. 128 

Die Dimensions 
HA-5221 .......•.•...•••..••.....• 94 x 72 x 19mils 

(2400 x 1640 x 480llm) 

HA-5222 ......................... 1B5x78x19mils 
(4690 x 1980 x 4BOJ.1m) 

Substrate Potential" .............................. v-
Process ................... High Frequency, Bipolar, DI 
Passivation .................................. Silox 

Test Circuits 

Thermal Constants (OCIW) 9JA 9JC 
HA2-5221 (Can) . . . . .. . . . . .. . . .. 111 35 
HA7-5221 (Ceramic DIP) ...•..... 114 34 
HA7-5222 (Ceramic DIP) ......... 112 32 
HA3-5221 (Plastic DIP). . . . . . . . . . . 92 30 
HA9P5221 (SOIC)............... 157 42 
HA3-5222 (Plastic DIP). . . • • . . . • . . B5 23 
HA9P5222 (SOIC). . . . . . . . . . . . . . . 95 26 

" The substrate may be left Hoating (Insulating Die Mount) or R may 
be on a conductor at V- potential. 

FIGURE 1. TRANSIENT RESPONSE TEST CIRCUIT 

+2.5V 

OV 

-2.5V 

+2.5V 

OV 

-2.5V 

FIGURE 2. LARGE SIGNAL RESPONSE 
VoUT =±2·5V 

Vertical Scale: 2V1div., Horizontal Scale: 200nsldiv. 

+100mV 

OV 

-100mV 

+100mV 

OV 

-100mV 

FIGURE 3. SMALL SIGNAL RESPONSE 
VOUT = ±1 OOmV 

Vertical Scale: 100mV/div., Horizontal Scale: 200nsldiv. 

r-----~--~--OV~~ 

• AV=-l 

• Feedback and summing resistors must 
be matched (0.1%). 

• HP5082-2810 Clipping diodes reccm
mended. 

• Tektronix P6201 FEr probe used al 
salUlng point. 

FIGURE 4. SETTLING TIME TEST CIRCUIT 
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HA-5221, HA-S222 

Typical Performance Curves Vs = ±15V, TA = +250C 
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HA-5221, HA-5222 

Typical Performance Curves Vs = ±15V, TA = +25°C (Continued) 
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HA-5221, HA-5222 

Typical Performance Curves Vs = ±15V, TA = +250C (Continued) 

8.5 

1 
II: 
w 
Ii: 8.25 
::J ... 
::IIi 
oC -II: 
W 

I ... 
!z 
w 
II: 
II: 
:::) 

, 
U 7.75 
~ ... ... 
:::) 
I/) 

7.5 
5 7 8 11 13 15 17 

SUPPLY VOLTAGE (±V) 

FIGURE 17. SUPPLY CURRENT va SUPPLY VOLTAGE 

20 

~ 
t RL-soon 

CI z 
15 

~ 
~ 

~ 

w 

~ 
~ 10 .JI' , 
I-
:::) 

I!: 
:::) 

.., 
0 5 
:.: 
oC 
w 

, 
... 

o 
5 7 11 13 15 17 

SUPPLY VOLTAGE (±V) 

FIGURE 19. OUTPUT VOLTAGE SWING VI SUPPLY VOLTAGE 

100 
90 
80 
70 
60 :c 50 

..s 40 
!z 30 
W 20 
II: 10 
~ 0 
U ·10 
ti -20 
P.I -30 
It -40 
o -SO 

-60 
·70 
-60 
-90 

·100 

.... 

.... 

-60 -40 -20 0 20 40 50 80 100 120 

TEMPERATURE ("el 

FIGURE 21. OFFSET CURRENT VI TEMPERATURE 
4 Representative Units 

36 

34 Ay-+1,RL-2K,CL-50pF I I 
32 +SLEW RATE 

30 

~ 28 

~ 28 

~ 24 
II: 22 

~ 20 
I/) 18 

~ I I I 
'f' I I I 

,/ I 

/ -8LEWRATE 

i--"" 
~ 

18 .JI' " 
14 

12 
10 

5 7 11 13 15 17 

SUPPLY VOLTAGE (±V) 

FIGURE 18. SLEW RATE va SUPPLY VOLTAGE 

16 

If 14 :; 
~ 

;; 12 \ 
~ 10 
z 
W I 

~ 
"" II 

r\.. 
g 

4 

2 

o 

115 
114 
113 
112 
111 

~ 110 

i~g: 
~ 107 

:qg: 
Q 104 
:!i 103 
~ 102 
::IE 101 
U 100 

gg 
88 
97 
86 
95 

... ...... 
....... 

10 100 

FREQUENey(Hz) 

VOLTAGE NOISE 

eURRENTNOI 

1K 

~~ 
3 

o 
10K 

FIGURE 20. NOISE CHARACTERISTICS 

.... +PSR'" 

~ ..,:'SRR 

r""" 

- eMRR 

-,-

-60 -40 -20 0 20 40 50 80 100 120 

TEMPERATURE ("el 

FIGURE 22. CMRR AND PSRR VI TEMPERATURE 

2·590 



HA-5221, HA-5222 

Typical Performance Curves Vs = ±15V. TA = +25°C (Continued) 

45 

40 

120 

100 

......... .... ~HASE MARGIN 
III 

Ay_+l.RL_1K 
III I 

"-
l36 80 

l'"" III II , 
BANDWIDTH !. 

:z: 
I:i 30 

~ 

~ z 
ii 25 

\ 
N 

20 

15 
10 100 

LOAD CAPACITANCE (pF) 

\. 
~~ 

60 

40 

20 

o 
1000 

FIGURE 23. BANDWIDTH AND PHASE MARGIN vs LOAD 
CAPACITANCE 

FIGURE 25. 0.1 Hz TO 10Hz NOISE 
Vertical Scale: 1 mV/dlv Horizontal Scale: 1 Sldlv 
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FIGURE 26. 0.1 Hz TO 1MHz 
Vertical Scale: 10mV/dlv Horizontal Scale: 1 Sldlv 
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HA-5221, HA-5222 

Typical Performance Curves Vs = ±15V, TA = +25°C (Continued) 
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FIGURE 29. SUPPLY CURRENT/AMPLIFIER va TEMPERATURE 

Applications Information 
Operation at Various Supply Voltages 

The HA-5221/5222 operates over a wide range of supply 
voltages with little variation in performance. The supplies 
may be varied from ±5 volts to ±15 volts. See typical perfor
mance curves for variations in supply current, slew rate and 
output voltage swing. 

Offset AdJustment 

The following diagram shows the offset voltage adjustment 
configuration for the HA-5221. By moving the potentiometer 
wiper towards pin 8 (+BAL), the op amps output voltage will 
increase; towards pin 1 (-BAL) decreases the output voltage. 
A 20kn trim pot will allow an offset voltage adjustment of 
about 10mV. 

+1SV 

_f-LI.'.t&. 
:>"---

__ --::3-1+ 

4 

~ 

~ -15V 

capacitive loading Considerations 

When driving capaCitive loads >80pF, a small resistor, 50 to 
1000. should be connected in series with the output and 
inside the feedback loop. 

10K 100K 1M 10M 100M 

FREQUENCY (Hz) 

FIGURE 30. CHANNEL SEPARATION va FREQUENCY 
(HA-5222 only) 

Saturation Recovery 

When an op amp is over driven, output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input, output saturation can be avoided. If output saturation 
can not be avoided, the maximum recovery time when over
driven into the positive rail is 10.61tS. When driven into the 
negative rail the maximum recovery time is 3.BItS. 

Input Protection 

The HA-5221/5222 has built in back-to-back protection 
diodes which limit the maximum allowable differential input 
voltage to approximately 5 volts. If the HA-5221/5222 will be 
used in circuits where the maximum differential voltage may 
be exceeded, then current limiting resistors must be used. 
The input current should be limited to a maximum of 10mA. 

PC Board Layout Guidelines 

When designing with the HA-5221 or the HA-5222, good 
high frequency (RF) techniques should be used when build
ing a P.C. board. Use of ground plane is recommended. 
Power supply decoupling is very important. A 0.011lf to 
0.11lF high quality ceramic capacitor at each power supply 
pin with a 2.21lF to 10llF tantalum close by will provide excel
lent decoupling. Chip capacitors produce the best results 
due to ease of placement next to the op amp and basically 
no lead inductance. If leaded capaCitors are used, the leads 
should be kept as short as possible to minimize lead induc
tance. 
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HA5232, HA5234 
PRELIMINARY 
March 1993 

Features 
• Low Offset Voltage •••••••••••••••••••• 200IlV (Max) 

• Low Offset Drift •••••••••••••••••••••••••• 21lVI"C 

• Low Supply Current •••••••••••••••••• <O.7mAlAmp 

• High Gain, CMRR and PSRR 

Applications 
• Audio Amplifiers 

• Low Impedance Sensors 

• Universal Active Filters 

• Process Control Equipment 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE 

HA5232IJ -40"C to +85"C 

HA5232IP -40"C to +85°C 

HA52321B -40"C to +8500 

HA5232AIJ -40"C to +85°C 

HA5232AIP -40"C to +8500 

HA5232AIB -4O"C to +8500 

HA5234IJ -40"C to +85°C 

HA5234IP -4O"C to +8500 

HA5234IB -4O"C to +85°C 

HA5234AIJ -4O"C to +85"C 

HA5234AIP -4O"C to +8500 

HA5234AIB -4O"C to +8500 

Pinouts 

HA5232 (POIP, COIP) 
TOP VIEW 

PACKAGE 

8 Lead Ceramic DIP 

8 Lead Plastic DIP 

16 Lead Wide Body SOIC 

8 Lead Ceramic DIP 

8 Lead Plastic DIP 

16 Lead Wide Body SOIC 

14 Lead Ceramic DIP 

14 Lead Plastic DIP 

16 Lead Wide Body SOIC 

14 Lead Ceramic DIP 

14 Lead Plastic DIP 

16 Lead Wide Body SOIC 

HA5232 (300 MIL SOIC) 
TOP VIEW 

Description 

Precision Dual and Quad 
Operational Amplifiers 

The HA5232 and HA5234 are dual and quad precision 
bipolar-input op amps. They are intended for use in 
multichannel data acquisition systems where moderate to 
high level of accuracy is required. This relatively high level of 
accuracy is maintained across temperature with an Average 
Offset Drift of 2IlVt'C for the W' grade product. 

The HA5232 and HA5234 were designed to offer a solution! 
enhancement over lower performance devices like the 
HA-4741 and.CA324. These products will allow the designer 
to achieve a relatively high level of precision in his 
transducer preamp without concern for offset trimming. 
These devices are pin and performance compatible with the 
OP200. OP400. LT1013 and LT1014 operational amplifiers. 

Applications will be In process control and environment 
monitoring where many low impedance sensors such as 
thermocouples, thermistors, strain gauges, and pressure 
transducers are used to assess the state of the system. 
Other systems with similar requirements include mainframe 
computers. aircraft. and semiconductor tab and test 
equipment. 

The HA5232 and HA5234 are available in industrial 
temperature ranges. and a choice of packages. For SOIC in 
tape and reel please add suffix "96" to the end of the part 
number. 

HA5234 (POIP) 
HA5234 (COIP) 

top VIEW 
HA5234 (300 MIL SOIC) 

TOP VIEW 

NOTE: The functional pinouts will comply to the JEDEC standards for dual and quad op amps as shown above 

CAUTION: These d8\lices are sensitive to electrostatic discharge. Users shculd follow proper I.C. Handling Procedures. File Number 2851.1 
Copyright @ Harris Corporation 1993 
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Specifications HA5232, HA5234 

Absolute Maximum Ratings Operating Temperature Ranges 
Voltage Between V+ and V- •.•••••••••••••••••••••••••• 36V HA5232I. HA52341 ...................... -40"C;;; TA ;;; +85°C 
Input Voltage ••••••••••••••••••••••••••••••••••••• VSUPPLY Storage Temperature Range .............. -65"C;;; TA;;; +15O"C 
Dlfferenliallnput Voltage •••••••..••••••••••••••••••• V SUPPLY 
Output Current ....................... Short Circuit Protected 
Junction Temperature (Plastic) ....................... +15O"C 
Junction Temperature (Hermetic) • • • • • • • • • • • • • • • • • • • • • + 175°C 

CAUTION: s_ abwe IhoIJe Hsted In "Absolute MaJdmum Ratings" may cause permanent damage '" /he dtwice. This Is a stress only 18t1ng and ope18t1on 
of the devIt:e .t Iheee or any other condiliona aboMo IIrOH indicated In lire operational saations of this speciffcatlon Is not Implied. 

Electrical SpeCifications V SUPPLY = ±15V. RL = 100kO, CL ,. 2OpF. Unless Otherwise Specified 

HA5232A. HA5234A HA5232. HA5234 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNrrs 

Offset Voltage +25OC - 100 200 - 100 500 I1V 

Full - - 300 - - 725 I1V 

Average Offset Drift Full - - 2 - - 5 I1Vf'C 

Input Bias Current +25OC - 5 - - 10 - nA 

Full - - - - - - nA 

Input Offset Current +25°C - 3.5 - - 10 - nA 

Full - - - - - - nA 

Common Mode Range Full ±12 - - ±12 - - V 

CMRR (Note 1) +25°C 110 - - 100 - - dB 

Full 105 - - 100 - - dB 

Input Capacitance +25OC - 3 - - 3 - pF 

Input Noise Voltage 0.1Hz-10Hz +25OC - 0.5 - - 0.5 - I1Vp.p 

fo= 1kHz +25OC - 11 - - 11 - nVNHz 

Input Noise Current 0.1Hz-10Hz +25°C - 15 - - 15 - pAp.p 

fo= 1kHz +25°C - 0.4 - - 0.4 - pANHz 
Large Signal Gain (Note 2) +2500 1000 - - 250 - - KVN 

Full 1000 - - 250 - - KVN 

Unity Gain Bandwidth +25OC - 0.8 - - 0.8 - MHz 

Minimum Stable Gain Full 1 - - 1 - - VN 

Output Swing (Note 2) Full 12 - - 12 - - V 

Short Circuit Current Full - 20 - - 20 - rnA 

Slew Rate (Note 3) +25°C - 0.15 - - 0.15 - V/jIs 

PSRR (Note 4) +25°C 105 - - 100 - - dB 

Full 100 - - 100 - - dB 

Icc HA5232 +25°C - - 1.45 - - 1.45 rnA 

Full - - 1.55 - - 1.55 rnA 

HA5234 +25°C - - 2.9 - - 2.9 rnA 

Full - - 3.1 - - 3.1 rnA 

NOTES: 

1. VcM =±12V 

2. ~=2K 

3. RL = 21<, CL = 100pF. VOUT = ±10V. A, = +1 
4. IVsl .. 3V to 18V 
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Die Characteristics 
DIE DIMENSIONS: 

87 x 105 x21 ± lmils 

METALLlZAnON: 
Type: AI 
Thickness: 19kP. ± 4kA 

GLASSIVAnON: 
Type: SIIox (SI021. 
Thickness: 13.5kA±2kA 

DIE ATTACH: 
Material: Silver Epoxy - Plastic DIP and sOle 

Glass - Ceramic DIP 

Metallization Mask Layout 

OUTl 

-INl 

+INl 

v-

HA5232 

HA5232 

v+ 

OUT2 

-IN2 

+IN2 
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Die Characteristics 

DIE DIMENSIONS: 
114x 157x21 ± 1mils 

METALLIZATION: 
Type: AI 
Thickness: 19kA±4kA 

GLASSIVATION: 
Type: Silox (Si02l. 
Thickness: 13.5kA ± 2kA 

DIE ATTACH: 
Material: Silver Epoxy· Plastic DIP and SOIC 

Glass· Ceramic DIP 

Metallization Mask Layout 

HA5234 

HA5234 

OUT1 OUT4 
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March 1993 

Features 
• Unity Gain Bandwidth •••••••••••••••••••• 350M Hz 

• Full Power Bandwidth ••••••••••••••••••••• 53MHz 

• High Slew Rate ••••••••••••••••••••••••• 1000VlllS 

• High Output Drive ...•.......••....••....••.• ±SOmA 

• MonolHhlc Construction 

Applications 

• RFnF Processors 

• Video Amplifiers 

• High Speed Cable Drivers 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HFA1-0001-5 O"C to +75"0 14 Lead Ceramic Sidebraze DIP 

HFA1-0001-9 -4O"C 10 +85"0 14 Lead Ceramic Sidebraze DIP 

HFA3-0001-5 O"C to +75"0 8 Lead Plastic DIP 

HFA3-0001-9 -4O"C to +85"0 8 Lead Plasllc DIP 

HFA9POOO1-5 O"C to +75"0 16 Lead Wldebody SOIC 

Pinouts 

HFA-0001 

Description 

Ultra High Slew Rate 
Operational Amplifier 

The HFA.OQQ1 is an all bipolar op amp featuring high slew 
rate (1000Vlf,lS), and high unity gain bandwidth (350MHz). 
These features combined with fast settling time (25ns) make 
this product very useful in high speed data acquisition 
systems as well as RF, video, and pulse amplifier designs. 
Other outstanding characteristics include low bias currents 
(15J.iA), low offset current (18J.iA), and low offset voltage 
(6mV). 

The HFA-0001 offers high performance at low cost. It can 
replace hybrids and RF transistor amplifiers, simplifying 
designs while providing increased reliability due to 
monolithic construction. To enhance the ease of design, the 
HFA-0001 has a 50n ±20% resistor connected from the 
output of the op amp to a separate pin. This can be used 
when driving 50n strip line, microstrip, or coax cable. 

For MIL-STD-883 compliant product consult the HFA-OOOlI 
883 datasheet. 

HFA-0001 
(PDIP) 

TOP VIEW 

HFA·OOO1 
(CDIP) 

TOP VIEW 

HFA-0001 
(300 MIL SOIC) 

TOP VIEW 
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Specifications HFA-0001 

Absolute Maximum Ratings (Note 1) 

Supply Voltage (Between V+ end V- Terminals) .••.....•.... 12V 
Differential Input Voltage ..•.•••••.•..•••.•.•..••..••.... 5V 
Input Voltage. . . . . . . • . . • . . . . • • . . • . . • . . . . . . . . • • . . . . . • . . . .. ±4V 
Output Current .•••••••.•••..••..•••••••••••..•••.•. 60mA 
Junction Temperature (Note 9) .••••••••••••••••••.••• + 175°C 
Junction Temperature (Plastic Package) .•.•••••..•..•. +150oC 
Lead Temperature (Soldering 10 Sec.) ................. +3OO0C 

Operating Conditions 
Operating Temperature Range 

HFA"()()()1-9 ........................... -40"0 S TA S +85°C 
HFA-0001-5 ............................ OOCSTAS+75°C 

Storage Temperature Range .•••..•.••••.•. -65°C S TA S +15O"C 

CAUTION: SlnIsses abO\l8 those listed In "Abso/U18 Maximum Ra6ngs" may cause permanent damage 10 the davlce. This is a slnlss only taring and op8tation 
of the dav/ca at these or any other conditions above those Indicated In the opelBtionaJ ssc60ns of this specification is not ImpUed. 

Electrical Specifications v+ = +5V. V- = -5V. Unless Otherwise Specified 

HFA-0001-9 HFA-IlOO1-S 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25°C - 6 15 - 6 30 mV 

High - 4.5 20 - 4.S 30 mV 

Low - 12.5 45 - 12.5 35 mV 

Average Offset Voltage Drift High - 50 - - 50 - I1VI"C 

Low - 100 - - 100 - I1VI"C 

Bias Current +25°C - 15 50 - 15 100 I1A 
Full - 20 50 - 20 100 I1A 

Offset Current +25OC - 18 25 - 18 50 I1A 
Full - 22 50 - 22 50 I1A 

Common Mode Range +25OC ±3 - - ±3 - - V 

Differential Input Resistance +25OC - 10 - - 10 - kn 

Input Capacitance +25OC - 2 - - 2 - pF 

Input Noise Voltage 0.1 Hz to 10Hz +25°C - 3.5 - - 3.5 - I1Vrrns 

10Hz to 1MHz +25OC - 6.7 - - 6.7 - I1Vrrns 

Input Noise Voltage fo = 10Hz +25OC - 640 - - 640 - nVNHz 

to= 100Hz +25OC - 170 - - 170 - nVNHz 

fo= 100kHz +25°C - 6 - - 6 - nVNHz 

Input Noise Current fo = 10Hz +25°C - 2.35 - - 2.35 - nANHz 
fo= 100Hz +25°C - 0.57 - - 0.57 - nANHz 
fo= 1000Hz +25OC - 0.16 - - 0.16 - nANHz 

TRANSFER CHARACTERISTICS .. 

Large Signal Voltage Gain (Note 2) +25OC 150 200 - 150 200 - VN 

High 150 170 - 100 170 - VN 

Low 150 220 - 150 220 - VN 

Common Mode Rejection Rallo (Note 3) +25°C 45 47 - 42 47 - .dB 

High 40 45 - 40 45 - dB 

Low 45 46 - 42 46 - dB 

Unlly Gain Bandwidth +25°C - 350 - - 350 - MHz 

Minimum Stable Gain Full 1 - - 1 - - VN 
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Specifications HFA-D001 

Electrical Specifications V+ = +5V, V· = -5V, Unless Otherwise Specified (Continued) 

HFA·OOO1-9 HFA·OOO1-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT CHARACTERISTICS 

Output Voltage Swing RL=1000 +25OC · ±3.5 · · ±3.5 · V 

RL=1kn +25°C ±3.5 ta.7 · ±3.5 ±3.7 · V 

High ta.O ta.6 · ±3.0 ta.6 · V 

Low ta.5 ±3.7 · ta.5 ±3.7 · V 

Full Power Bandwidth (Note 5) +25°C · 53 · · 53 · MHz 

Output Resistance, Open Loop +25OC · 3 · · 3 · 0 

Output Current Full ±30 ±SO · ±30 ±SO · mA 

TRANSIENT RESPONSE 

Rise TIme (Note 4, 6) +25°C - 480 - · 480 - ps 

Slew Rate (Note 4, 7) Rt=1kn +25°C - 1000 · · 1000 · V/IJS 

RL= 1000 +25OC - 875 · · 875 · V/IJS 

Settling TIme (3V Step) 0.1% +25°C - 25 · · 25 · ns 

Overshoot (Note 4, 6) +25OC - 36 · · 36 · % 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full · 65 75 - 65 75 rnA 

Power Supply Rejection Ratio (Note 8) +25OC 40 42 - 37 42 · dB 

High 35 41 - 35 41 · dB 

Low 40 42 - 37 42 - dB 

NOTES: 
1. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. 

Functional operation under any of these conditions is not necessarily implied. 
2. Vour = 0 to ±2V, RL = 1kn. 
3. I1VCM = ±2V. 
4. RL = 1000. SlewRate 
5. Full Power Bandwidth is calculated by equation: FPBW = 2 V ' V PEAK = 3.0V. 
6. Vour=±200mV,Av=+1. It PEAK 
7. Vour =±3V,Av=+I. 
8. I1Vs = ±4V to ±6V. 
9. See Thermal Constants in 'Applications Information' text. Maximum power dissipation, including output load, must be designed to 

maintain the Junction temperature below +17500 for hermetic packages, and below + l500C for plastic packages. 

Schematic Diagram 

+IN 
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Die Characteristics 

Thermal Constants ("CIW) 
HFA1-OOO1-51-9 
HFA3-0001-5 
HFA9P-0001-51-9 

9JA 
75 
98 
96 

9JC 
13 
36 
27 



HFA-0001 

Test Circuits 

FIGURE 1. LARGE SIGNAL RESPONSE TEST CIRCUIT 

Il 

LARGE SIGNAL RESPONSE 
Vour = OV to 3V 

Vertical Scale: W/DIv. 
Horizontal Scale: 2ns1Div. 

III - I 

I I --
I I • 

I • I 
I .. I 
I~ I 

I J"!I!"1 
IiiiI 

YSETTLE 

1 len 1 len 

101kl 

1000 
Your 

FIGURE 3. SETTLING TIME SCHEMATIC 

FIGURE 2. SMALL SIGNAL RESPONSE TEST CIRCUIT 

If 

SMALL SIGNAL RESPONSE 
Vour = OmV to 200mV 

Vertical Scale: l00mVIDIv. 
Horizontal Scale: 2ns1Div. 
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NOTE: Initial Step In Output Is Due To Fixture Feedthrough 

PROPAGATION DELAY 
Vertical Scale: 500mVIDIv. 

Horizontal Scale: 2ns1Div. 
"",. +1. Rl = 1000. VOUT " OV to 3V 

NOTE: Test Fixture Delay of 450ps is Included 



HFA-D001 

Typical Performance Curves Vs = ±5V. TA = +250C. Unless Otherwise Specified 
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Typical Performance Curves Vs = ±5V, TA = +250 C, Unless Otherwise Specified (Contlnued) 
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HFA-0001 

Typical Performance Curves Vs = ±5V, TA = +2SoC, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vs = ±SV, TA = +250C, Unless Otherwise Specified (Continued) 
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Applications Information 
Offset Adjustment 

When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 

For a voltage follower application, use the circuit in Figure 29 
without A2 and with AI shorted. AI should be 1 Mn to 10Mn. 
The adjustment resistors will .cause only a very small gain 
error. 

RF 

SO'GlK..sf
V 

.. V_IN __ v.".Ar-<l>--'" 

Rl 
100110 

.. V 

Adjustment Range ;: ±V (:~ ) 
FIGURE 28. INVERTING GAIN 

Vour 

VOUT 

Adjustment Range =±V(:~) Gain;: 1 + (RI:R2) 

FIGURE 29. NON-INVERTING GAIN 

PC Board Layout Guidelines 

When designing with the HFA-0001, good high frequency 
(AF) techniques should be used when making a PC board. A 
massive ground plane should be used to maintain a low 
impedance ground. Proper shielding and use of short 
interconnection leads are also very important. 

To achieve maximum high frequency performance, the use 
of low impedance transmission lines with impedance 
matching is recommended: son lines are common in 
communications and 75n lines in video systems. Impedance 
matching is important to minimize reflected energy therefore 
minimizing transmitted signal distortion. This is accom
plished by using a series matching resistor (SOn or 75n), 
matched transmission line (SOn or 75n), and a matched 
terminating resistor, as shown in Figure 30. Note that there 
will be a 6dB loss from input to output. The HFA-0001 has an 

integral son ±20% resistor connected to the op amps output 
with the other end of the resistor pinned out. This son resis
tor can be used as the series resistor instead of an external 
resistor. 

500 COAX CABLE 

RF 

FIGURE 30. 

PC board traces can be made to look like a son or 75n 
transmission line, called microstrip. Mlcrostrip is a PC board 
trace with a ground plane directly beneath, on the opposite 
side of the board, as shown in Figure 31. 

SIGNAL 
TRACE --l 

GROUND 
PLANE 

FIGURE 31. 

DIELECTRIC 
(PC BOARD) 

When manufacturing pc boards, the trace width can be 
calculated based on a number of variables. The following 
equation is reasonably accurate for calculating the proper 
trace width for a son transmission line. 

Z = 87 In ( 5.98h ) n 
o JER +1.41 O.8w+t 

Power supply decoupling is essential for high frequency op 
amps. A 0.0111F high quality ceramic capacitor at each 
supply pin in parallel with a 111F tantalum capacitor will 
provide excellent decoupling as shown in Figure 32. 

V+ 

V-

FIGURE 32. POWER SUPPLY OECOUPLING 
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v+ 
c 

R c~ 
c 

R c~ 
v-

FIGURE 33. IMPROVED DECOUPLINGICURRENT UMrTlNG 

Chip capacitors produce the best results due to ease of 
placement next to the op amp and they have negligible lead 
inductance. If leaded capacitors are used. the leads should 
be kept as short as possible to minimize lead inductance. 
Figures 32 and 33 illustrate two different decoupling 
schemes. Figure 33 improves the PSRR because the 
resistor and capacitors create low pass filters. Note that the 
supply current will create a voltage drop across the resistor. 

Saturation Recovery 

When an op amp is over driven output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input to safe levels. output saturation can be avoided. If out
put saturation cannot be avoided. the recovery time from 
25% over-drive is 20ns and 30ns from 500/0 over-drive. 

Thermal Management 

The HFA-0001 can sink and source a large amount of 
current making it very useful in many applications. Care 
must be taken not to exceed the power handling capability of 
the part to insure proper performance and maintain high 
reliability. The following graph shows the maximum power 
handling capability of the HFA-QO01 without exceeding the 
maximum allowable junction temperature of +175"C. The 
curves also show the improved power handling capability 
when heatsinks are used based on AWID heatsink #5801B 
for the B lead Plastic DIP and IERC heatsink #PEP50AB for 
the 14 lead Sidebraze DIP. These curves are based on 
natural convection. Forced air will greatly improve the power 
dissipation capabilities of a heatsink. 
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Features 
• Wide Gain Bandwidth Product ••••••••••••••• 1GHz 

• High Slew Rate •••••••••••••••••••••••••• 250Vl~ 

• High Open Loop Gain ••••••••••••••••••• 105V1mV 

• Low Offset Voltage ••••••••••••••••••••••••• O.6mV 

• Low Power Consumption •••••••••••••••••• 143mW 

• Low Input Voltage Noise at 1kHz ••••••••• 2.7nVNHi 

• Monolithic Construction 

Applications 

• RFnF Processors 

• Video Amplifiers 

• Radar Systems 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 

Pinouts 
HFA·OOO2 

(PDIP. CDIP. SOIC) 
TOP VIEW 

HFA-0002 
Low Noise Wideband 
Operational Amplifier 

Description 

The HFA·0002 is a very wideband. high slew rate. op amp • 
featuring precision DC characteristics. Stable in gains of 10 
or greater this all bipolar op amp offers a combination of AC 
and DC performance never seen before in monolithic form. 

The high gain bandwidth product (1GHz) and high slew rate 
(250V/IJ.S) make this op amp ideal for use in video and RF 
circuits. The low offset voltage (0.6mV). low bias current 
(0.23~). and low voltage noise (2.7nVl..JHz) specifications 
combined with the excellent AC characteristics make this op 
amp ideal for high speed data acquisition systems with high 
accuracy. 

For MIL·STD·883 compliant product and Ceramic LCC pack· 
age consult the HFA·0002I883 datasheet. 

Ordering Information 

PART 
NUMBER 

HFA2'()OO2-5 

HFA2.()QQ2·9 

HFA3-0002-5 

HFA3'()OO2·9 

HFA7.()0Q2·5 

HFA7.()OQ2·9 

HFA9POOO2·5 

HFA9POO02-9 

TEMPERATURE 
RANGE PACKAGE 

O"C to +75OC 8 Pin CAN 

-40"C to +85°C 8 Pin CAN 

O"C to +75°C 8 Lead PIastlc DIP 

-4O"C to +85°C 8 Lead Plastic DIP 

O"C to +75OC 8 Lead Ceramic Sidebraze DIP 

-4O"C to +85°C 8 Lead Ceramic Sidebraze DIP 

O"C to +75°C 8 Lead SOIC 

-40"C to +85°C 8 LeadSOIC 

HFA·OOO2 
(T()"99 METAL CAN) 

TOP VIEW 

NC 

CAUTION: These d8\licas are sensHive to electroatatlc discharge. Users should Iollow proper I.C. Handling Procedures. File Number 2917.1 
Copyright @ Harris Corporation 1993 
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Specifications HFA-D002 

Absolute Maximum Ratings (Note 1) 

Supply Voltage Between v+ and V-Terminals •....•.•...••. 12V 
Dlfferentiallnput Voltage ................................ 5V 
Input Voltage ............................................ ±5V 
Output Current ........................................ ±20rnA 
Junction Temperature (Note 10). • . • . • • . • . • . . . . . . . • . . . + 175°C 
Junction Temperature (Plastic Package) ...••••.•.•..•. +150oC 
Lead Temperature (Soldering 10 Sec.) .....•.••.....••. +3000C 

Operating Conditions 
Operating Temperature Range: 

HFA-0002-9 ........................... -400C S TA S +85°C 
HFA-0002-5 ............................ OOC S TA S +750C 

Storage Temperature Range ................ -65OC S TA S 1 SOOC 

CAl.lTION: Stresses tIbo'hIlhos" lisl8d In "AbsoIufIJ Maximum Ratings' l7IIiIy caus" ptJrmf1nf1l1t damaf}6 to the davice. This is a stress only rating and optIraOOn 
of III" dlWice at these or any ollie, conditions abo ... lIIose indicated in the CJpf1raOOnal sections of this specificaOOn is not I""Oed. 

Electrical Specifications V+ = +5V, V- = -5V, Unless Otherwise Specified 

HFA-0002-51-9 

PARAMETER TEMP MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Offset Voltage +25OC - 0.6 1 mV 

Full - 1.2 2 mV 

Average Offset Voltage Drift Full - 2.0 - IlVf'C 

Bias Current +25OC - 0.23 1.0 JlA 
High - 0.1 1.0 JlA 
Low - 0.32 2.0 JlA 

Offset Current +25OC - 0.12 1.0 JlA 
Full - 0.16 1.0 JlA 

Common Mode Range Full ±2.5 - - V 

Differential Input Resistance +25OC - 1 - Mn 

Input Capacitance +25°C - 2 - pF 

Input Noise Voltage 

0.1Hzto 10Hz +25OC - 5.1 - nVRMS 

10Hz to 1MHz +25OC - 2.02 - IlVRMs 
Input Noise Voltage 

fo= 10Hz +25OC - 8.9 - nvNtiz 

fo= 100Hz +25OC - 3.7 - nVNHz 

fo= 1000Hz +25OC - 2.7 - nVNHz 

Input Noise Current 

fo = 10Hz +25°C - 25 - pAHHz 

fo= 100Hz +25OC - 8.4 - pAHHz 

fo = 1000Hz +25OC - 4.5 - pAHHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 2, 4) Full 80 105 - VlmV 

Common Mode Rejection Ratio (Note 3) +25OC 100 110 - dB 

Full 90 108 - dB 

Gain Bandwidth Product 

fo= 1MHz +25°C - 1 - GHz 

Minimum Stable Gain Full 10 - - VN 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 4) Full ±3.5 ±3.9 - V 

Full Power Bandwidth (Note 5) +25OC 10.6 13.3 - MHz 

OUtput Resistance, Open Loop +25°C - 5 - n 
OUtput Current Full ±10 ±12 - rnA 
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Specifications HFA-DO02 

Electrical Specifications v+ .. +5V, V- .. -av, Unless Otherwise Specified (Continued) 

HFA-0002-51-9 

PARAMETER TEMP MIN TYP I MAX I UNITS 

TRANSIENT RESPONSE 

Rise Time (Note 4, 6) +25"C - 3.2 - lIS 

Slew Rate (Note 4, 7, 9) +25"C 200 250 - V/jIa 

Settling Time (Note 4, 7) +25"C - 50 - lIS 

Overshoot (Note 4, 6) +25"C - 30 - '" POWER SUPPLY CHARACTERISTICS 

Supply Current Full - 14 20 rnA 

Power Supply. Rejection Ratio (Note 8) Full 90 99 I - I dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied IndivlduaUy, beyond which the serviceability of the circuit may be Impaired. Func
tional operation under any of these conditions is not necessarily ImpUed. 

2. Vour =±3V. 

3. /Nou = ±2V. 

4. RL = 5K, CL = 2OpF. 
Slew Rate 

5. Full Power Bandwidth Is guaranteed by equation: FPBW = 2 V ' V peak = 3.0V. 
It peak 6. VOUT =±100mV,Ay=+10. 

7. VoUT =±3V,Ay = +10. 

8. AVs =±4Vto±6V. 

9. This parameter is not tested. This limit is guaranteed based on characterization and reflects lot to lot variation. 

10. See Thermal Constants In "Applications Information" section. Maximum power dissipation, Including output load, must be designed to 
maintain the Junction temperature below + 175°C for hermetic packages, and below + 1500C for plastic packages. 

Simplified Schematic Diagram 

+BAL -BAL 
r-~-1-+-------'------------~--------~------1-~~----~--~~~-'-O+V 

OUT 

+IN 

~----------~----~----~--------~----~~----~~---+--~~~-v 

Die Characteristics 
Thermal Constants fClW) 

CAN .•.........•..•••......•• 
POIP .•••....•..••..••...••..• 
COIP ••....•..•.•.••..••..••• 
SOIC •.•.•..••••••.•••......• 

9JA 
117 
96 
75 
158 

aJC 
36 
34 
13 
43 
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Test Circuits 

0.3V 

OV 

-O.3V 

3V 

OV 

-3V 

VIN - __ ---1 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 

LARGE SIGNAL RESPONSE 
Input: O.2V1Div. Output: 2VlDlv. 

Horizontal Scale: 20nslDiv. 

IN 

OUT 

10mV 

OV 

-10mV 

100mY 

OV 

-100mV 

r-----~--~--oVSFIT~ 

lK 10K 

5K 

500 
VIN o--+--"""''''''"-----t > ..... ~-oVOUT 

SMALL SIGNAL RESPONSE 
Input 10mVlDiv. Output 100mV/Dlv. 

• Ay=-10 

Feedback and summing resislors must be 
ma1ched (0.1%) 

• HP5082-2810 clipping diodes recommended 

• Tektronix P6201 FET probe used al seWing point 

FIGURE 3. SETTUNG TIME SCHEMATIC 
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HFA-0002 

Typical Performance Curves Vs ,,±5V, TA " +25°C, Unless Otherwise Specified 
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HFA-0002 

Typical Performance Curves Vs = ±5V, TA = +25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vs = ±5V, TA = +25"C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vs = ±5V, TA = +25°C, Unless Otherwise Specified (Continued) 
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HFA-0002 

Applications Information 

Offset Voltage Adjustment 

The HFA-OOD2, due to its low offset voltage, will typically not 
require any external offset adjustment. If certain applications 
do require lower offset, the following diagram shows one 
possible configuration. 

+5V 

FIGURE 29. 

The power supply lines must be well decoupled to filter any 
power supply noise. A 20K trim pot will allow an offset 
adjustment of about 3mV, referred to input. 

PC Board Layout Guidelines 

When designing with the HFA-0002, good high frequency 
(RF) techniques should be used when doing pc board 
layouts. A massive ground plane should be used to maintain 
a low impedance ground. PC board traces should be kept as 
short as possible and kept wide to minimize trace inductance 
and impedance. Stray capacitance at the op amps output 
and at the high impedance inputs should be kept to a 
minimum, to prevent any unwanted phase shift and band
width limiting. 

When breadboarding remember to keep feedback resistor 
values low (~kn) for optimum performance. The use of 
metal film resistors for values over 200n and carbon film 
resistors under 200n typically gives the best performance. 
Remember to keep all lead lengths as short as possible to 
minimize lead inductance. 

Sockets will add paraSitic capacitance and inductance and 
therefore can limit AC performance as well as reduce 
stability. If sockets must be used, a low profile socket with 
minimum pin to pin capacitance will minimize any perfor
mance degradation. 

Power supply decoupling is essential for high frequency op 
amps. A O.OlJ.lF high quality ceramic capacitor at each 
supply pin in parallel with a 1 J.lF tantalum capacitor will pro
vide excellent decoupling. Chip capacitors produce the best 
results due to the ease of placement next to the op amp and 
they have negligible lead inductance. If leaded capacitors 
are used, again the lead lengths should be kept to a 
minimum. 

Saturation Recovery 

When an op amp is over driven output devices can saturate 
and sometime take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If 
output saturation cannot be avoided, the recovery time for an 
input sine wave at 25% overdrive is 100ns. 
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Features 
• Unity Gain Bandwidth •••••••••••••••••••• 300MHz 

• Full Power Bandwidth ••••••••••••••••••••• 22MHz 

• High Slew Rate •••••••••••••••••••••••••• 420Vll1s 

• High Output Drive ..................••.••.... ±SOmA 

• Monolithic Bipolar ConstrucUon 

Applications 

• RFnF Processors 

• Video Amplifiers 

• Radar Systems 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 

Ordering Information 
PART 

NUMBER 
HFA2'()()05-S 
HFA2'()()05-9 
HFA3"()OO5-S 
HFA3'()()05-9 
HFA7'()()05-S 
HFA7"()OO5-9 
HFA9POOO5-S 
HFA9POOO5-9 

Pinouts 

TEMPERATURE 
RANGE . PACKAGE " 

O"C to +7S"C 8 Pin Can 
-4O"C to +8SoC 8 Pin Can 
O"C to +7S"C 8 Lead Plastic DIP 

-40"C to +8SOC 8 Lead Plastic DIP 
O"C to +7SoC 8 Lead Ceramic Sidebraze DIP 

-4O"C to +8SoC 8 Lead Ceramic Sidebraze DIP 
O"C to +7S"C 8 LeadSOIC 

-40°C to +8SoC 8 Lead SOIC 

HFA-0005 (PDIP, CDIP, SOIC) 
TOP VIEW 

HFA-0005 

Description 

High Slew Rate 
Operational Amplifier 

The HFA'()()()5 is an all bipolar op amp featuring high slew 
rate (420V/I1S), and high unity gain bandwidth (300MHz). 
These features combined with fast settling time (20ns) make 
this product very useful In high speed data acquisition 
systems as well as RF. video, and pulse amplifier designs. 

Other outstanding characteristics include low bias currents 
(1511A), low offset current (6I1A), and low offset voltage 
(6mV). These high performance characteristics are achieved 
with only 40mA of supply current. 

The HFA-0005 offers high performance at low cost. It can 
replace hybrids and RF transistor amplifiers, simplifying 
designs while providing increased reliability due to 
monolithic construction. To enhance the ease of design, the 
HFA-0005 has a 50n ±20% resistor connected from the 
output of the op amp to a separate pin. This can be used 
when driving 50n strip line, microstrip, or coax cable. 

For MIL-STD-883 compliant product consult the HFA'()()()51 
883 datasheet. 

HFA-OOOS (TO·99 METAL CAN) 
TOP VIEW 

RSENSE 

CAUTION: These devices ara sensHiva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2918.1 
Copyright @ Harris Corporation 1993 
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Specifications HFA-DO05 

Absolute Maximum Ratings (Nota 1) 

Voltage Between V+ and V- Terminals .................... 12V 
Differential Input Voltage ................................ 5V 
Input Voltage ............................................ ±4V 
Output Current ........................................ ±60mA 
JlJ'lCtlon Temperature ••••••••••••••••••••••••••.•.• +1750C 
Junction Temperature (Plastic Peckagas). • • • • • • • • • • • • • • + 15O"C 
Lead Temperatura (Soldering 10 Sec.) ...•.••••••••..... 3000C 

Operating Conditions 
Operating Temperature Range 

HFA-0005-9 ..••••••.••..•••••••..•.•.• -4O"C S T" S +85°C 
HFA-0005-5 ............................ ooC S T" S +750C 

Storage Temperature Range .............. • -6500 S T" S +1500C 

CAUTION: SI18ssss eboWI those listed In ~cIu'" Maximum Ratings' may cause psrmanent damage to the dsllk». This Is a stress only I8ting and opet8tion 
of /he dsllice at thsss or any othar conditions abow !hoes indicafM:I In the opet8tiona/ ssctions of this specification is not implied. 

Electrical Specifications V+ = +5V, V- = -5V, Unless Otherwise Specified 

I HFA-0005-9 I HFA-0005-S 

PARAMETERS TEMP I MIN TYP MAX I MIN TYP I MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +2SoC - 6 15 - 6 30 mV 

Full - 11 45 - 11 35 mV 

Average OIfset Voltage Drift Full - 100 - - 100 - jJ.VI"C 

Bias Current +25OC - 15 50 - 15 100 jJ.A 

Full - 20 50 - 20 100 jJ.A 

Offset Current +25OC - 6 25 - 6 50 jJ.A 

Full - 12 50 - 12 50 jJ.A 

Common Mode Range Full ±3 - - ±3 - - V 

Dlfferenllallnput Resistance +25°C - 10 - - 10 - kn 

Input Capacitance +25OC - 2 - - 2 - pF 

Input Noise Voltage 

0.1Hz to 10Hz +25°C - 2.5 - - 2.5 - jJ.VRMS 
10Hz to 1MHz +25°C - 5.8 - - 5.8 - jJ.VRMS 

Input Noise Voltage 

fo = 10Hz +25°C - 450 - - 450 - nVNHz 

fo= 100Hz +25°C - 160 - - 160 - nVNHz 

fo= 100kHz +25°C - 5 - - 5 - nVNHz 

Input Noise Current 

fo .. 10Hz +25OC - 2.0 - - 2.0 - nANHz 

fo " 100Hz +25OC - 0.57 - - 0.57 - nANHz 
fo= 1000Hz +25°C - 0.11 - - 0.11 - nANHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Nota 2) +2500 150 230 - 150 230 - VN 

High 150 180 - 150 180 - VN 

Low 150 250 - 150 250 - VN 

Common Mode Rejection Rallo (Note 3) Full 45 47 - 42 45 - dB 

Unity Gain Bandwidth +25OC - 300 - - 300 - MHz 

Minimum Stable Gain Full 1 - - 1 - - VN 

OUTPUT CHARACTERISTICS 

Output Voltage SWing 

RL=1000 +25°C - ±3.5 - - ±3.5 - V 

RL = 1kn Full ±3.5 ±4.0 - ±a.5 ±4.0 - V 

Full Power Bandwidth (Nota 5) +25°C - 22 - - 22 - MHz 

Output Resistance, Open Loop +25OC - 3.0 - - 3.0 - n 
Output Current Full ±25 ±50 - ±25 ±50 - rnA 
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Specifications HFA-0005 

Electrical Specifications v+ = +5V, v- = -5V, Unless Otherwise Specified (Continued) 

HFA-Cl005-9 I HFA-0005-5 I 
PARAMETERS TEMP MIN I TYP MAX I MIN TYP MAX I UNITS 

TRANSIENT RESPONSE 

Rise Time (Note 4, 6) +25OC - 480 - - 480 - ps 

Slew Rate (Note 7) +25°C - 420 - - 420 - VIlIS 
SetHing Time (3V Step) 0.1% +25OC - 20 - - 20 - ns 

Overshoot (Note 4, 6) +25°C - 30 - - 30 - % 

POWER SUPPLY CHARACTERISnCS 

Supply Current +25°C - 35 40 - 35 40 rnA 

Full - 37 40 - 37 45 rnA 

Power Supply Rejection Ratio (Note 8) +25°C 40 42 - 37 40 - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuR may be Impaired. Func-
tional operation under any of these conditions Is not necessarHy impUed. 

2. VOUT = 0 to ±2V, At. = 1kn. 

3. I1VCM = ±2V. 

4. At. = 1000. 
Slew Rate 

5. Full Power Bandwidth is calculated by equation: FPBW = , V PEAK = 3.0V 
6. VOUT =±200mV, Ay=+1. 2ltVpEAK 

7. VoUT =±3V,Ay=+1. 

6. 4Vs=±4Vto±6V. 

9. See Thermal Constants in "Applications Information" section. Maximum power dissipation, Including output load, must be designed to 
maintain the junction temperature below + 175°C for hermetic packages, and below + 15O"C for plastic packages. 

Simplified Schematic Diagram Die Characteristics 
r--..... --P"------.-.............. - ......... - .... - V+ Thermal Constants (OCIW) 

CAN .••..•.••••••.•••• 
RSENSE PDIP ................. . 

CDIP ...........•..... 
SOIC ................ . 

+IN OUT 
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HFA-D005 

Test Circuits 

... I ::b----, I I ..... 
"'~~f~-

FIGURE 1. LARGE SIGNAL RESPONSE TEST CIRCUIT 

VIN 

OV 

VOUT 

3V 

OV 

LARGE SIGNAL RESPONSE 
VOUT =0103V 

Vertical Scale: WIDiv. Horizontal Scale: SnslDiv. 

PROPAGATION DELAY 
Vertical Scale: SOOmVIDiv. Horizontal Scale: SnslDlv. 

Av= +1, RL = 11<0, VOUT= 010 3V 

NOTE: Tesl fixture delay of 450ps is included 

3V 

OV 

FIGURE 2. SMALL SIGNAL RESPONSE TEST CIRCUIT 

SMALL SIGNAL RESPONSE 
Your = 0 to 200mV 

Vertical Scale: 100mVlOiv. Horizontal Scale: 2nsIDlv. 

200mV 

VIN I I\.. 

'" OV 

200mV 

VOUT 
.I "V' 

" J" 
OV 

NOTE: Initial step In output Is due to fixture feedthrough 

...----___ --0 VSETTLE 

1kn 1kn 

1000 

100D 
VIN O----./W-----I >----<> VOUT 

FIGURE 3. SETTLING TIME SCHEMAnC 
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HFA-0005 

Typical Performance Curves Vs = ±5V, TA = +25°C, Unless Otherwise Specified 
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HFA-0005 

Typical Performance Curves Vs = t5V, TA = +25OC. Unless Otherwise Specified (ContInued) 
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HFA-0005 

Typical Performance Curves Vs = t5V, TA = +250 0, Unless Otherwise Specified (Continued) 
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HFA-DOOS 

Typical Performance Curves Vs = t5V, TA = +25°C, Unless Otherwise Specified (Continued) 
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HFA-0005 

Applications Information 
Offset AdJustment 

When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 

R2 
Adjustment Range == ±V ( R ) 

1 
FIGURE 28. INVERTING GAIN 

For a voltage follower application, use the circuit in Figure 29 
without R2 and with R, shorted. Rl should then be 1 MO to 
10Mn, so the adjustment resistors will cause only a very 
small gain error. 

+v 
VIN 

-~ 
Rl 

lOOK R, 

R2 
100 

-v 

R2 
Adjustment Range == ±V ( if" ) 

1 

RF 

FIGURE 29. NON-INVERTING GAIN 

PC Board Layout Guidelines 

VOUT 

When designing with the HFA-0005, good high frequency 
(RF) techniques should be used when making a PC board. A 
massive ground plane should be used to maintain a low 
impedance ground. Proper shielding and use of short 
interconnection leads are also very important. 

To achieve maximum high frequency performance, the use 
of low impedance transmission lines with impedance 
matching is recommended: 500 lines are common in 
communications and 750 lines in video systems. Impedance 
matching is important to minimize reflected energy therefore 

minimizing transmitted signal distortion. This is 
accomplished by using a series matching resistor (500 or 
750), matched transmission line (500 or 750), and a 
matched terminating resistor, as shown in Figure 30. Note 
that there will be a 6dB loss from input to output. The 
HFA-0005 has an integral 500 ±20% resistor connected to 
the op amp's output with the other end of the resistor pinned 
out. This 500 resistor can be used as the series resistor 
instead of an external resistor. 

COAX CABLE VOUT 

500 

FIGURE 30. 

PC board traces can be made to look like a 500 or 750 
transmission line, called microstrip. Microstrip is a PC board 
trace with a ground plane directly beneath, on the opposite 
side of the board, as sh9wn in Figure 31. 

GROUND 
PLANE 

SIGNAL 
TRACE 

FIGURE 31. 

DIELECTRIC 
(PC BOARD) 

When manufacturing pc boards the trace width can be calcu
lated based on a number of variables. 

The following equation is reasonably accurate for calculating 
the proper trace width for a 500 transmission line. 

87 In ( 5.98h ) 0 

JER +1.41 0.8w+t 
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HFA-OOOS 

Power supply decoupling is essential for high frequency op 
amps. A O.01"F high quality ceramic capacitor at each 
supply pin In parallel with a 1J1F tantalum capacitor will 
provide excellent decoupllng. Chip capacitors produce the 
best results due to ease of placement next to the op amp 
and they haw negligible lead inductance. If leaded capaci
tors are used, the leads should be kept as short as possible 
to minimize lead inductance. The flguras that follow illustrate 
two different decoupling schemes. Figure 33 Improws the 
PSRR because the resistor and capacitors create low pass 
filters. Note that the supply current will create a voltage drop 
across the resistor. 

FlGURE32. 

v+ 
c 

c~ 
:~ 

FIGURE 33. 

Saturation Recovery 

When an op amp Is Oller driven output devices can saturate 
and sometimes take a long time to r&COller. By clamping the 
input to safe levels. output saturation can be avoided. If out
put saturation cannot be avoided, the r&COllery time from 
25% OIIerdrlve Is 20ns and 30ns from 50% OIIerdrlw. 
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Features 

• Low Distortion (30MHz) ••••••••••••• -56dBc 

• -adB Bandwidth •••••••••••••••••• 850MHz 

• Very Fast Slew Rate •••••••••••••• 2300VlILS 

• Fast SeHllngTlme (0.1%) ••••••••••••• 11ns 

• Excellent Gain Ratness 
• (100MHz) ••••••••••••••••••••••• 0.14dB 
• (50MHz) ••••••••••••••••••••••• ,. O.04dB 

Description 

HFA1100 
HFA1120 

Ultra High-Speed 
Current Feedback Amplifiers 

The HFA1100, 1120 are a family of high-speed, wideband, fast 
settling current feedback amplifiers. Built with Harris' proprietary 
complementary bipolar UHF-1 process, these cl9vices are the fastest 
monolithic amplifiers available from any semiconductor manufacturer. 

The two devices, available in 8-pin CERDIp, PDIp, and SOIC pack
ages, have similar performance, but each offers separate features. 

The HFA1100 is a basic op amp with uncommitted pins 1, 5, and 8 . 
The HFA 1120 includes inverting input bias current adjust pins (pins 1 
and 5) for adjusting the output offset voltage. 

- (30MHz) •••••••••••••••••••••••• 0.01 dB These devices offer a significant performance improvement over the 
• High Output Current •••••••••••••••• 60mA AD811, AD9617/18, the CLC400·409, and the EL2070, EL2073, 

EL2030. 
• Overdrive Recovery ••••••••••••••••• <10ns 

Applications 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

• RFnF Signal Processing 

• Flash AID Driver 

• Medical Imaging Systems 

Pinouts 
HFA1100 

(PDIP, CDIP, SOIC) 
TOP VIEW 

HFA1120 
(PDIP, CDlP, SOIC) 

TOP VIEW 

For Military grade product refer to the HFA11001883, HFA112018B3 
data sheet. 

Ordering Information 
OPERATING 

PART NUMBER TEMP RANGE 

HFA1100MJ, HFAl120MJI883 ·55°C to +125°C 

HFA1100IJ, HFAl120lJ -4000 to +85OC 

HFA1100IP, HFAl120lP -4OOC to +85OC 

HFA1100IB, HFAl120lB -4000 to +85°C 

HFA1100Y, HFAl120Y -40OC to +85OC 

The Op Amps With Fastest Edges 

On. 25n8 

PRODUCT 
DESCRIPTION 

8 Lead Ceramic DIP 

8 Lead Ceramic DIP 

8 Lead Plastic DIP 

8LeadSOlC 

Die 

INPUT 
220MHz 
SIGNAL 

OUTPUT 
(Ayd) 
HFAl130 
OPAMP 

CAUTION: These dBVices are S8ns~ive to electrostatic discharge. Users should follow proper I.C. Handling Procedurea. File Number 2945.3 
Copyright@Harris Corporation 1993 
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Specifications HFA1100, HFA1120 

Absolute Maximum Ratings 
Voltage Between V+ and V- •••.•.••••.••••••••••.•••••• 12V 
Common Mode Voltage •••••••••••.•••••••••••••••• VSUPPLY 
Differential Input Voltage ..••••••••••••••••••.••••••••••• 5V 
Output Current(50% Duty Cycle) ••••.•••••••••••••.•••• 60mA 
Junction Temperature. • • • • • . • • • • • • . • • • • • • • • • • • • • • • • + 175°C 
JlM'ICtion Temperature (Plastic Package) ••••••••••••••• +15O"C 

Operating Conditions 
HFA1100l, HFA11201 •••••••••••••••••.•• -4O"C STAS +85OC. 
Storage Temperature Range •.••••••••••••• -65OC S TA S +15OOC 
Thermal Package Characteristics (OCIW) 8ja 8jc 

Ceramic DIP Package............... 116 36 
Plastic DIP Package •••••.•••••.•••• 98 36 
SOIC Package..................... 158 43 

CAUTION: SIr8ssBs abow thoss listed In 'l4bsolUIB MaxImum Ratings" may cause perman6IJt damage to the device. ThIs Is a s/J8SS only 18t1ng and opetation 
of /he dlWfce at these or any other conditions abow thosa indicated In the opetationaJ sections of /his speclficalion Is not /mpHed. 

Electrical Characteristics VSUPPLY = ±5V. ""' = +1, ~ = 5100, f\ .. 1000, Unless Otherwise Specified 

HFA1100l, HFA11201 

PARAMETER TEMP MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Input Offset Voltage • +25OC - 2 6 mV 

Full - - 10 mV 

Input Offset Voltage Drift Full - 10 - "VJOC 

VIO CMRR (AVCM = ±2V) +25°C 40 46 - dB 

Full 36 - - dB 

VIO PSRR (AVs = ±1.25V) +25°C 45 50 - dB 

Full 42 - - dB 

Non-lnv. Input Bias Current (+IN " OV) • +25°C - 25 40 i'A 

Full - - 65 i'A 

+IBIASDrllt Full - 40 - nAl'C 

+IBIAS CMS (AVCM - ±2V) +25°C - 20 40 pAN 

Full - - 50 pAN 

Inv. Input Bias Current (-IN .. OV) • +25°C - 12 50 i'A 

Full - - 60 i'A 

-IB1ASDrift Full - 40 - nAl'C 

-IBiAS CMS (AVCM =±2V) +25°C - 1 7 pAN 

Full - - 10 pAN 

-IB1ASPSS +25°C - 6 15 pAN 

Full - - 27 pAN 

-IBiASAdj. Range (HFA1120) +25°C ±1oo ±2oo - i'A 

Non-Inv.lnput Rasistance +25°C 25 50 - lin 

Inv. Input ResIstance +2SOC - 16 30 n 

Input Capacitance (either input) +2SOC - 2 - pF 

Input Common Mode Range Full ±2.5 ±3.0 - V 

Input Voltage Noise (100kHZ)· +25OC - 4 - nVNHz 

+Input Current Noise (100kHz)· +25°C - 18 - pAr/Hz 

-Input Current Noise (100kHz) • +25°C - 21 - pAr/Hz 

·See Typical Performance Curves for more Informadon. 
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Specifications HFA1100, HFA1120 

Electrical Characteristics VSUPPLY =:t5v, ~ = +1, RF = 5100, RL = 1000. Unless Otherwise Specified (Conllnued) 

HFA1100l, HFA11201 

PARAMETER TEMP MIN TYP MAX UNITS 

TRANSFER CHARACTERISTICS ~ = +2, Unless Otherwise SpecHied 

Open Loop Translmpedance +25°C · 500 · kG 

-3dB Bandwidth (VOUT = 0.2Vp-p, ~ = +1)" +25OC 530 850 · MHz 

-3dB Bandwidth (VOUT = 0.2Vp•p, ~ = +2, ~ = 3600) +25OC · 670 - MHz 

Gain Ratness (to 100MHz) " +25°C · ±O.14 · dB 

Gain Ratness (to 5OMHz) +25°C · ±O.D4 · dB 

Gain Flatness (to 3OMHz) +25°C - ±O.01 · dB 

Unear Phase Deviation (DC to 100MHz)' +25°C · 0.6 · Degrees 

Differential Gain (NTSC, RL = 750) +25°C · 0.03 · % 

Differential Phase (NTSC, ~ = 750) +25OC · 0.05 · Degrees 

Minimum Stable Gain Full 1 . · VN 

OUTPUT CHARACTERISTICS ~ = +2, Unless OtherwIse Specified 

Output Voltage (~= .1) " +25°C ±3.0 ±3.3 · V 

Full ±2.5 ±3.0 · V 

OUtput Current (RL = 500, ~ = -1) +25OC, 50 65 · rnA 
+65°C 

-4O"C 35 50 · rnA 

DC Closed Loop Output Impedance +25°C · 0.1 · 0 

2nd Harmonic Distortion (3OMHz, VOUT = 2Vp-p) " +25OC · -56 · dBc 

3rd Harmonic Distortion (3OMHz, VOUT = 2Vp-p) • +25OC · -80 · dBc 

3rd Order Intercept (100MHz)" +25°C 20 30 · dBm 

1dB Compression (10OMHz) +25°C 15 20 · dBm 

TRANSIENT RESPONSE ~ = +2, Unless Otherwise Specified 

Rise Time (VOUT = 2.0V Step) +25OC · 900 · ps 

Overshoot (VOUT = 2.OV Step) " +25OC - 10 · % 

Slew Rate (~ = +1, VOUT = 5Vp-p) +25°C · 1400 · V/v.s 

Slew Rate (~ = +2, VOUT = 5Vp-p) +25OC 1950 2300 · Vlv.s 

0.1% SeWing (VOUT = 2V to OV)" +25°C - 11 · ns 

0.2% SeWing (VOUT = 2V to OV) " +25°C · 7 · ns 

Overdrive Recovery Time (2X Overdrive) +25OC · 7.5 10 ns 

POWER SUPPLY CHARACTERISTICS 

Supply Voltage Range Full ±4.5 . :t5.5 V 

Supply Current • +25°C · 21 26 rnA 

Full · - 33 rnA 

"See Typical Performance Curves for more Information. 
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HFA1100, HFA1120 

Application Information 
Optimum Feedback Resistor (RF) 

The enclosed plots of inverting .and non-inverting frequency 
response detail the performance of the HFA 110011120 in 
various gains. Although the bandwidth dependency on Act. 
Isn't as severe as that of a voltage feedback amplifier, there 
is an appreciable decrease in bandwidth at higher gains. 
This decrease can be minimized by taking advantage of the 
current feedback (CFB) amplifier's unique property of band
width dependency on RF. All current feedback amplifiers 
require a feedback resistor, even for unity gain applications 
The RF, In conjunction with the internal compensation 
capacitor, sets the dominant pole of the frequency response. 
Thus, the amplifier's bandwidth is inversely proportional to 
RF. The HFA1100, 1120 designs are optimized for a 5100 
RF, at a gain of +1. Decreasing RF in a unity gain application 
decreases stability, leading to excessive peaking and over
shoot. AI. higher gains the amplifier is more stable, so RF can 
be decreased in a trade-off of bandwidth vs. stability. The 
table below lists recommended RF values for various gains, 
and the expected bandwidth. 

AcL RF(O) BW(MHz) 

+1 510 850 

-1 430 580 

+2 360 670 

+5 150 520 

+10 180 240 

+19 270 125 

Offset Adjustment 

The HFA1120 allows for adjustment of the inverting input 
bias current to null the output offset voltage. -IBIAS flows 
through RF, so any change in bias current forces a 
corresponding change in output voltage. The amount of 
adjustment is a function of RF . With RF =.5100, the typical 
adjust range is ±100mV. For offset adjustment connect a 
10Kn potentiometer between pins 1 and 5 with the wiper 
connected to V-. 

Use of Ole In Hybrid Applications 

These amplifiers are designed with compensation to negate 
the package parasities that typically lead to instabilities. As a 
result, the use of die in hybrid applications results in over
compensated performance due to lower parasitiC capaci
tances. Reducing RF below the recommended values for 
packaged units will solve the problem. For Ay = +2 the rec
ommended starting point is 3000, while unity gain applica
tions should try 4000. 

PC Board Layout 

The frequency performance of these amplifiers depends a 
great deal on the amount of care taken in designing the PC 
board. The use of low Inductance components such as 
chip resistors and chip capacitors Is strongly recom
mended, while a solid ground plane Is a must! 

Attention should be given to decoupling the power supplies. 
A large value (10J,lF) tantalum In parallel with a small value 
chip (0.1J,1F) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 

. that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier's inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is recom
mended that the ground plane be removed under traces con
nected to pin 2, and connections to pin 2 should be kept as 
short as possible. 

An example of a good high frequency layout is the Evalua
tion Board shown below. 

Evaluation Board 

An evaluation board is available for the HFA 1100. Please 
contact your local sales office for information. 

The layout and schematic of the board are shown below: 

TOP LAYOUT 

.,r-------------~. 

• 
BOTTOM LAYOUT 
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Die Characteristics 

DIE DIMENSIONS: 
63x44x19±1mils 
16001UTl x 1130jun ±25.41UTl 

METALLIZAnON: 
Type: Metal 1: AICu (2~)mW 
Thickness: Metal 1: akA ± 0.4kA 

GLASSIVAnON: 
Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

HFA1100, HFA1120 

Type: Metal 2: AICu (2%} 
Thickness: Metal 2: 1SkA ± O.BkA 

Material: Epoxy 0 Plastic DIP and SOIC 
Gold Eutectic 0 Ceramic DIP 

WORST CASE CURRENT DENSITY: 
0.909 x 105 Alcm2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENnAL (Powered Up): Floating (Recommend Connection to Vo) 

Metallization Mask Layout 
HFA1100. HFA1120 

r I0070A x •••••• 

+IN 

Yo 

BAL 

OUT 

2·631 
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HFA1100, HFA1120 

Typical Performance Curves VSUPPLY= ±5V, RF = 5100, TA = +25°C, RL = lOon Unless Otherwise Specified. 
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HFA1100, HFA1120 

Typical Performance Curves VSUPPLY = ±5V, RF = 5100. TA = +250C, RL = lOOn. Unless Otherwise Specified. (Continued) 
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HFA1100, HFA1120 

Typical Performance Curves VSUPPLY= ±5V, RF = 5100. T,. = +25"C, f\ = 1000. Unless Otherwise Specified. (Continued) 
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HFA1100, HFA1120 

Typical Performance Curves VSUPPLY= t5V, RF = 5100, TA = +250C, At. = 1000, Unless Otherwise Specllled. (Continued) 
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HFA1105, HFA1106 
HFA1135, HFA1145 

ADVANCE INFORMATION 
March 1993 

Features 
• Wide -3dB Bandwidth •••••••••••••••••••• 350MHz 

• Very Fast Slew Rate ••••••••••••••••••••• 1500Vlus 

• Low Supply Current (HFA 1105106(45) ••••••••• <6mA 

• Supply Current (HFA1135) •••••••••••••••••• <7mA 

• Short Circuit Protected 

• Compensation Pin Available - HFA 1106 

• Programmable Output Voltage Clamps - HFA1135 

• Output Enable I Disable - HFA 1145 

Applications 
• High Resolution Monitors 

• Professional Video Processing 

• Medical Imaging 

• Video Digitizing BoardslSystems 

• Heads Up Displays and Slmula10rs 

• RedarnF Processing 

• Hand Held and Mlnla1urlzed RF Equipment 

• Battery Powered Communications 

• Rash Converter Drivers 

• High Speed Pulse Amplifiers 

Pinouts 
HFA11 05 

(pDIP, CDIP, SOIC) 
TOP VIEW 

Nc8NC -IN. V+ 
+IN + OUT 

V. NC 

HFA1106 
(PDIP, CDlP, SOIC) 

10PVIEW 

NC8COIIP -IN. V+ 
+IN + OUT 

V. NC 

High-Speed, Low Power, Current 
Feedback Operational Amplifiers 

Description 
The HFA1105, HFA1106, HFA1135, and HFA1145 are wide 
bandwidth, high speed, low power current feedback opera
tional amplifiers built in Harris's proprietary complementary 
bipolar UHF-1 process. 

The HFA1105 comes in a standard op amp pinout. The 
HFA1106 features a compensation pin for bandwidth limiting 
or external clamping applications. The HFA 1135 taatures 
adjustable negatill9 and positill9 output IIOltage clamps via 
pins 5 and 8. The HFA 1145 features a TTUCMOS compatible 
disable control, pin 8, that when pulled low, reduces the sup
ply current and puts the output into a high impedance state. 

The devices offer improved performance OII9r the CLC406, 
CLC409, CLC420, CLC502, EL2070, AD9617, and AD9618. 

See the "Ordering Information" section below for package 
and temperature options. For military grade product, please 
refer to the HFA 11051883, HFA 11061883, HFA 11351883, 
HFA 11451883 datasheel • 

Ordering Information 

PART TEMPERATURE 
NUMBER 

HFA1105IJ, HFA11061J 
HFA1135IJ, HFA11451J 

HFA11051P, HFA1106IP 
HFA1135IP, HFA1145IP 

HFA11051B, HFA11061B 
HFA11351B, HFA1145IB 

HFA1135 
(PDIP, CDIP, SOIC) 

10PVIEW 

-IN _ V+ 

RANGE PACKAGE 

-4O"C to +85"C 8 Lead Ceramic DIP 

-4O"C to +85"C 8 Lead Plastic DIP 

-4O"C to +85"C 8 LeadSOIC 

HFA1135 
(pDIP, CDIP, SOIC) 

10PVIEW 

-IN. V+ Nc8VH 

+IN + OUT 

Nc8VH 

+IN + OUT 

V. VL V. VL 

CAUTION: These dlll/icas are eensltive to electrostatic discharge. lJsenIshould follow proper I.e. Handling Procedures. File Number 3395 
Copyright «» Harris Corporation t 993 
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March 1993 

Features 
• Wide -3dB Bandwidth •••••••••••••••••••• 7S0MHz 

• Very Fast Slew Rate ••••••••••••••••••••• 1300VlJ.1S 

• Fast Settling TIme (O.2%) ••••••••••••••••••••• 7ns 

• High Output Current ••••••••••••••••••••••• 60mA 

• Fixed Gain of +1 

• Gain Flatness {100MHz) •••••••••••••••••••• O.03dB 

• Differential Phase •••••••••••••••••••••• 0.025 deg. 

• Differential Gain ••••••••••••••••••••••••••• 0.04% 

• 3rd Harmonic Distortion {SOMHz) •••••••••••• -80dBc 

• 3rd Order Intercept {100MHz) ••••••••••••••• 30dBm 

Applications 
• Video Switching and Routing 

• RFnF Processors 

• Driving Flash AID Converters 

• High-Speed Communications 

• Impedance Transformation 

• Une Driving 

• Radar Systems 

Pinout 
HFA1110 

(PDIP, CDIP, SOIC) 
TOP VIEW 

Y'~fif~-OPTV+ [! _ ~ ~ NC 

NC [! ~ OPTY-

IN [! ~Y-

HFA1110 
750MHz Low Distortion 

Unity Gain, Closed Loop Buffer 

Description 
The HFA 1110 is a unity gain closed loop buffer that achieves 
·3dB bandwidth of 750MHz, while offering excellent video 
performance and low distortion. Manufactured on Harris' 
proprietary complementary bipolar UHF·1 process, the 
HFA 1110 also offers very fast slew rate, and high output cur-
rent. It is one more example of Harris' intent to enhance its 
leadership position In products for high speed signal pro-
cessing applications. 

The HFA 1110's settling time of 11 ns to 0.1 %. low distortion 
and ability to drive capacitive loads make it an ideal flash 
AID driver. 

The HFA1110 is an enhanced, pin compatible upgrade for 
the AD9620, AD9630, CLC110, El2072, BUF600 and 
BUF601. 

For buffer applications requiring a standard op amp pinout, 
or selectable gain (-1, +1, +2), see the HFA1112 datasheet, 
for output clamping see the HFA 1113 datasheet. 

For military grade product please refer to the HFA 11101883 
datameet. 

Ordering Information 

PART OPERATING PRODUCT 
NUMBER TEMP. RANGE DESCRIPTION 

HFAlll0MJ/883 -55°C to + 1250C 8 Lead Ceramic DIP 

HFA1110W -4OOC to +85"C 8 Lead Ceramic DIP 

HFAlll0lP -4OOC to +85"C 8 Lead Plastic DIP 

HFAlll0lB -4OOC to +85OC 8 LeadSOIC 

HFAll10Y -4OOC 10 +85°C DIE 

Pin Descriptions 

PIN 
NAME NUMBER DESCRIPTION 

v+ 1 Positive Supply 

OptV+ 2 Optional Positive Supply 

NC 3 No Connection 

IN 4 Input 

V- 5 Negative Supply 

Opt V- 6 Optional Negative Supply 

NC 7 No Connection 

OUT 8 Output 

CAUTION: These d8llices are aensMiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2944.4 
Copyright @Harris Corporation 1993 
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Specifications HFA1110 

Absolute Maximum Ratings 
Voltage Between V+ and V- •••.•••••...•.••••..•••..••• 12V 
DC Input Voltage •••.••••.•••.••••••.••••.•••..•.• VSUPPLY 
Differential Input Voltage •••• ; •••.••••..•••••••••.••••••• 5V 
Output Current. •.••••••••••••••.••••••••••••••••••• 60mA 
Lead Temperature (Soldering 10 Sec.) ....•....•....•.. +300"C 
Junction Temperature. • • . • . . • • . • . • . • . • . • . • • • • • . • • •• + 175·C 
Junction Temperature (Plastic Package) ...•••••••.•••• + 15O"C 

Operating Conditions 
Operating Temperature Range 

HFAlll01 •••.•••.•••.•.••••••••••••••• -4O"C S TA S +85°C 
Storage Temperature ••••••••••••.••••.••• -6500 S TA S +1 SOOC 
Thermal Resistance ("CIW) 8-JIl 8jo 

Ceramic DIP Package. • • . . . • •• • • • • • . 116 36 
Plastic DIP Package ••.•.••••.•••••. 98 36 
SOIC Package. • • • • • • • • • . • • • • . . • • • . 158 43 

CAUTION: Slresses &bow Ihoss listed in "Absolute MsxJmum Ratfngs" may cause permanent damage to the davies. ThIs is a stress only l8/1ng and opBl8t1on 
of the davIca at theaa or any other conditions &bow tfuJse Indicated in the ClpBl8tionaisec/lons of this specification is not i""Hed. . 

Electrical Characteristics VSUPPLY = t5V, RL = 1000, Unless Otherwise Specified 

HFAlllo/ 

PARAMETER TEMP. MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Output Offset Voltage" +25"C - 8 25 mV 

Full - - 35 mV 

Output Offset Voltage Drift Full· - 10 - IIVI"C 

PSRR +25°C 39 45 - dB 

Full 35 - - dB 

Input Voltage Noise (100kHz)" +25OC - 14 - nVNHz 

Input Current Noise (100kHz)" +25°C - 51 - pANHz 

Input BIas Current" +25"C - 10 40 IIA 

Full - - 65 IIA 

Non-Inv. Input Resistsnce +25OC 25 50 - k1l 

Input Capacltsnce +25°C - 2 - pF 

TRANSFER CHARACTERISTICS 

Gain (Vour = 2Vp-f» +25"C 0.980 0.990 - VN 

Full 0.975 - - VN 

DC Non-Unearlty (±2V Full Scale)" +25°C - 0.003 - % 

OUTPUT CHARACTERISTICS 

Output Voltage" +25°C 3.0 3.3 - tV 

Full 2.5 3.0 - tV 

Output Current (RL = 500)" +250C, +8500 50 60 - mA 

-4O"C 35 50 - mA 

POWER SUPPLY CHARACTERISTICS 

Supply Voltage Range Full 4.5 - 5.5 tV 

Supply Current* +25OC - 21 26 mA 

Full - - 33 mA 
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Specifications HFA 1110 

Electrical Characteristics VSUPPLY • ±5V.1\ = 1000. Unless Otherwise Specified (Continued) 

HFA11101 

PARAMETER TEMP. MIN TYP MAX UNITS 

Pte CHARACTERISTICS 

-3dB Bandwidth (VOUT = O.2Vp.p)* +25"C - 750 - MHz 

Slew Rate (VOUT" SVp.p) +25"C - 1300 - VIlIS 

Full Power Bandwidth (4Vp•p)* +25"C - 100 - MHz 

Gain Aatness (to 1ooMHz)* +25"C - to.03 - dB 

Gain Aatness (to 3OMHz) +25"C - to.01 - dB 

Unear Phase Devlation (DC to 100MHz)* +25"C - 0.6 - Degrees 

2nd Harmonic Distortion (SOMHz. VOUT = 2Vp.p)* +25"C - -60 - dBc 

3rd Harmonic Distortion (SOMHz, VOUT = 2Vp.p)* +25"C - -60 - dBc 

3rd Order Intercept (100MHz)* +25"C - 30 - dBm 

-1dB Gain Compression (100MHz) +25"0 - 14 - dBm 

Reverse Gain (S12 at 100MHz. VOUT = Wp.p)* +25"C - -60 - dB 

Rise TIme (VOUT = 0.5V Step) +25"C - 0.5 - lIS 

OVershoot (VOUT = 1.0V Step)* +25"C - 2.5 - % 
Input Signal RlselFail .. 1 lIS 

0.2% Settling (VOUT" 1V to OV)* +25"C - 7 - lIS 

0.1% Settling (VOUT" W to OV)* +25"C - 11 - lIS 

Overdrive Recovery TIme +25"C - 15 - lIS 

Differential Gain (3.58MHz. F\ = 750) +25"C - 0.04 - % 

Differential Phase (3.58MHz.1\ = 750) +25"C 0.025 Degrees 

* See l\'pical Performance Curves for more information. 
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Application Information 
PC Board Layout 

HFA1110 

The frequency performance of this amplifier depends a great 
deal on the amount of care taken In designing the PC board. 
The use of low Inductance components such 88 chip 
resistors and chip capacitors Is strongly recommended, 
while a solid ground plana Is a must! 

Attention should be given to decoupling the power supplies. 
A large value (101LF) tantalum in parallel with a small value 
chip (0.11LF) capacitor works well in most cases. 

Terminated microstrlp Signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an Improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output. 
See the "Recommended Rs vs Load Capacitance" graph for 
specific recommendations. 

An example of a good high frequency layout is the Evalua
tion Board shown below. 

Evaluation Board 

An evaluation board is available for the HFA1110. Please 
contact your local sales office for information. 

The layout and schematic of the board are shown here: 

son 
+!tv n-_ ..... - ...... rrl i8l--'IIIIV-- OUT 

HFA1110 

IN ---t---f41 
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Die Characteristics 

DIE DIMENSIONS: 
63 x44x 19± 1mils 
1600J.U1l x 1130j.lm ±25.4j.1m 

METALLIZATION: 
Type: Metal 1: AICu(2%)1TiW 
Thickness: Metal 1 : akA ± 0.4kA 

GLASSIVATION: 
Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

HFA1110 

Type: Metal 2: AICu(2%) 
Thickness: Metal 2: 16kA ± O.akA 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 
0.909 x 105 A/cm2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to v-) 

Metallization Mask Layout 
HFA1110 

Ne 

r S0070A 

• 

v-

Ne 

Ne 

OUT 
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HFA1110 

Typical Performance Curves VSUPPLY= ±5V. TA = +25OC. At. = 100n Unless Otherwise Specified. 
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HFA1110 

Typical Performance Curves VSUPPLY= ±5V. TA = +25OC. RL = lOOn. Unless Otherwise Specified. (Continued) 
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HFA1110 

Typical Performance Curves VSUPPLY = ±5V, TA = +25"C, RL = 100n Unless Otherwise Specified. (Continued) 
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HFA1110 

Typical Performance Curves VSUPPLY" ±5V, TA .. +25"0, RL .. 1000. Unless Otherwise Specified. (Continued) 
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Features 
• Wide -3dB Bandwidth •••••••••••••••••••• 850MHz 

• Very Fast Slew Rate (Ay = +2) ••••••••••••• 2OS0Vll1s 

• Faat SeWing Time (0.1 %) •••••••••••••••••••• 11ns 

• High Output Current ••••••••••••••••••••••• SOmA 

• Excellent Gain Accuracy •••••••••••••••••• • O.99VN 

• User Programmable For Closed-Loop Gains of +1,·1 
or +2 Without Use of External Resistors 

• Standard Operational Amplifier Pinout 

Applications 

• RFnF Processors 

• Driving Flash AID Converters 

• Hlg";'Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

Pinout 
HFA1112 

TOP VIEW 

HFA1112 
Ultra High-Speed 

Closed Loop Buffer Amplifier 

Description 
The HFA 1112 is a closed loop current feedback buffer 
amplifier that achieves a high degree of gain accuracy, wide 
bandwidth, and low distortion. Manufactured on the Harris 
proprietary complementary bipolar UHF-1 process, the 
HFA1112 also offers very fast slew rate, excellent gain 
flatness, and high output current. 

A unique feature of the circuit pinout allows for voltage gains 
of +1, +2, and ·1, while maintaining compatibility with the 
standard op amp pinout (see Pinout). By leaving pin 2 open 
and applying the input to pin 3, the circuit defaults to the 
standard gain of +1. Grounding pin 2 and applying the input 
to pin 3, results in a gain of +2. Finally, by using pin 2 as an 
input and grounding pin 3, a gain of -1 can be achieved. 

The HFA1112 offers performance and functionality advan
tages over the AD9620, AD9630, CLC110, and EL2072. 

For standard buffer pinout applications see HFA 1110 datasheet 

The device is available in 8-pin CERDIp, PDIp, and SOIC 
packages. 

For military grade product, refer to the HFA 11121883 
datasheet. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HFA1112MJ1883 -55"0 to + 125°C 8 Lead Ceramic DIP 

HFA11121J -4O"C to +85"0 8 Lead Ceramic DIP 

HFA11121P -4O"C to +85"0 8 Lead Plastic DIP 

HFA11121B -4O"C to +85"0 8LeadSOlC 

Pin Descriptions 

PIN 
NAME NUMBER DESCRIPTION 

NC 1,5,8 No Connection 

-IN 2 Inverting Input 

+IN 3 Non-Inverting Input 

V- 4 Negative Supply 

OUT 6 Output 

V+ 7 Positive Supply 

CAUTION: These daviees are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2992.1 
Copyright @ Harris Corporation 1993 
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Specifications HFA 1112 

Absolute Maximum Ratings 
Voltage Between V+ and V- .••.•••.•..•.••..•••.•.••.•. 12V 
Input Voltage ••••.••••.•••.•.•••••••.••.•••.•.•••. VSUPPLY 
Differential Input Voltage ••.•••.•.••••.••••..•••.••••.•.• 5V 
OUtput Current •...••••.••••..••.••••.••.••••.•••••• 60mA 
Junction Temperature •.••••••••••.••••••••••••••••• + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• + 15O"C 
Lead Temperature (Soldering 10 Sec.) •..•••••••••••••• +3OO"C 

Operating Conditions 
Operating Temperature Range 

HFA11121 ••••••••••••.•.•••••.•.•••••. -4O"C STA S +8500 
Storage Temperature •••••••.•.••••••••••• -6500 S TA S + 15O"C 
Thermal Package Characteristics ("CIW) 9JA 9JC 

Ceramic DIP Package. • • • • . • • • • • . • • • 116 36 
Plastic DIP Package •• • • • • . • . . . • • • • • 98 36 
SOIC Package. . . • • . . . . . • • • . . . . . . . . 158 43 

CAUTION: 51_ &bow those listed in "Absolute Maximum Ratings" may cause permatIIInt damage to thB davice. This is • _ only rating and opetRlIon 
01 thB dwice at these or any other conditions abOl/8 those Indicated in thB operational ssctiona of this spaclflcatlon is not ImpIiad. 

Electrical Characteristics VSUPPLY = t5V. Av = + 1. ~ = 1000. Unless Otherwise Specified 

HFA11121 

PARAMETER TEMP. MIN TYP MAX UNRS 

INPUT CHARACTERISTICS 

Output Offset Voltage +25OC - 8 25 mV 

Full - - 35 mV 

Output Offset Voltage Drift Full - 10 - "VI"C 

PSRR +25OC 39 45 - dB 

Full 35 - - dB 

Input Voltage Noise (100kHz) +25°C - 9 - nVNHi 

+Input Current Noise (100kHz) +25°C - 19 - pANHZ 

Non-Inv. Input Bias Current +2500 - 25 35 IJ.A 
Full - - 60 IJ.A 

Non-Inv. Input Resistance +25°C 30 50 - kO 

Inv. Input Resistance +25°C 240 300 360 Q 

Input Capacitance (Either Input) +25°C - 2 - pF 

Input Common Mode Range Full 2.5 2.8 - tV 

TRANSFER CHARACTERISTICS 

Gain (Av= +1. V1N = +2V) +25OC 0.980 0.990 - VN 

Full 0.975 - - VN 

Gain (Av = +2. V1N = +1V) +25°C 1.96 1.98 - VN 

Full 1.95 - - VN 

DC Non-Unearity (Av = +2. ±2V Full Scale) +25°C - 0.02 - % 

OUTPUT CHARACTERISTICS 

OUtput Voltage (Ay = -1) +25°C 3.0 3.3 - tV 

Full 2.7 3.0 - tV 

Output Current (RL = 500) +2500. +85°C 50 60 - mA 

-40"C 35 50 - mA 

DC Closed Loop Output Impedance +25°C - 0.1 - Q 

POWER SUPPLY CHARACTERISTICS 

Supply Voltage Range Full 4.5 - 5.5 tV 

Supply Current +25°C - 21 26 mA 

Full - - 33 mA 
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Specifications HFA 1112 

Electrical Characteristics VSUPPLY = t5V, Av = +1, RL = 100n, Unless Otherwise Specified (Continued) 

PARAMETER 

AC CHARACTERISTICS 

-3dB Bandwidth (VOUT = 0.2Vp.p) Av=-1 

Av=+1 

Av=+2 

Slew Rate (VOUT = 5Vp.p) Av=-1 

Av=+1 

Av=+2 
Full Power BW (5Vp-p, Av = +2) 

Gain Flabless,(to 100MHz, Av = +2) 

Gain Flabless (to 30MHz, Av = +2) 

2nd Harmonic Distortion (5OMHz, VOUT = 2Vp•p) 

3rd Harmonic Distortion (50MHz, VOUT = 2V p.p) 

3rd Order Intercept (100MHz) 

1dB Compression (100MHz, Av = +2) 

Rise Time (VOUT = 0.5V Step) Ay=+2 

Ay=+1 

Overshoot (VOUT = 0.5V Step) 

0.1% Settling (VOUT = 2V to OV) 

0.05% Settling (VOUT = 2V to OV) 

Overdrive Recovery Time (VIN = 5Vp.p) 

Differential Gain Av = +1, 3.58MHz, 
~=1500 

Av = +2, 3.58MHz, 
~=1500 

Differential Phase Av = +1, 3.58MHz, 
~=1500 

Av = +2, 3.58MHz, 
~=150n 

Connections 

DESIRED 
GAIN CONNECTION 

+1 Float -IN (pin 2). Apply Signal to +IN (pin 3). 

+2 Ground -IN. Apply Signal to +IN. 

-1 Ground +IN. Apply Signal to -IN. 

HFA11121 

TEMP. MIN TYP MAX UNITS 

+25OC - 600 - MHz 

+25OC - 850 - MHz 

+25OC - 530 - MHz 

+25OC - 2400 - V/JIS 

+25°C - 1700 - V/JIS 

+25OC - 2050 - V/JIS 

+25OC - 260 - MHz 

+25°C - to.OS - dB 

+25°C - to.015 - dB 

+25OC - -60 - dBc 

+25OC - -80 - dBc 

+25°C - 30 - dBm 

+25OC - 18 - dBm 

+25OC - 700 - ps 

+25OC - 500 - ps 

+25°C - 0.5 - % 

+25°C - 11 - ns 

+25OC - ,15 - ns 

+25°C - 8.5 - ns 

+25OC - 0.03 - % 

+25OC - 0.02 - % 

+25°C - 0.05 - Degrees 

+25OC - 0.04 - Degrees 

Application Hints 

The frequency performance of the HFA 1112 can depend a great 
deal on the amount of care taken in designing the PC board 

Attention should be given to decoupling the power supplies. 
A large value (511F) tantalum in parallel with a small value 
chip (O.111F) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. The 
use of low Inductance components such as chip 
resistors and chip capacitors Is strongly recommended. 
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Die Characteristics 

DIE DIMENSIONS: 
63x44x 19± 1mils 
1600~ x 1130l1m ±25.4I1m 

METALLIZATION: 
Type: Metal 1: AICu (2%)ITiW 
Thickness: Metal 1: akA ± 0.4kA 

GLASSIVATlON: 
Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE AnACH: 

HFA1112 

Type: Metal 2: AICu (2%} 
Thickness: Metal 2: 1SkA ± o.akA 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 
0.909 x 105 Alcm2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 
HFA1112 

NC 

v-

NC 

NC 

OUT 
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HFA1112 

Typical Performance Curves VSUPPlY = ±5V, fly = +2, Til = +250C, Unless OtherwIse Specified 
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Features 

• User Programmable Output Voltage Clamp 

• Wide -3dB Bandwidth •••••••••••••••••••• 850MHz 

• Very Fast Slew Rate (Ay • +2) ••••••••••••• 2050V/J.18 

• Fast Settling Time (0.1%) •••••••••••••••••••• 11ns 

• High Output Current ••••••••••••••••••••••• 60mA 

• Excellent Gain Accuracy •••••••••••••••••• • 0.99VN 

• User Programmable For Closed-Loop Gains of +1,-1 
or +2 Without Use of External Resistors 

• Overdrive Recovery ••••••••••••••••••••••••• <1ns 

• Standard Operational Amplifier Pinout 

Applications 

• RFnF Processors 

• Driving Flash AID Converters 

• High-Speed Communications 

• Impedance Transformation 

• Une Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 

Pinout 

HFA1113 
(PDIP, CDIP,8OIC) 

TOP VIEW 

HFA1113 
High-Speed, Output Clamping 

Closed Loop Buffer 

Description 
The HFA1113 is a high speed closed loop Buffer featuring 
both user programmable gain and output clamping. Manu
factured on Harris' proprietary complementary bipolar UHF-
1 process, the HFA 1113 also offers a wide -3dB bandwidth 
of 850M Hz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 

This buffer is the ideal chOice for high frequency applications 
requiring output limiting, especially those needing ultra fast 
overload recovery times. The output clamp allows the 
designer to set the maximum positive and negative output lev
els, thereby protecting later stages from damage or input satu
ration. The HFA1113 also allows for voltage gains of +2, +1, 
and -1, without the use of external resistors. By leaving pin 2 
open and applying the input to pin 3, the circuit defaults to the 
standard gain of +1. Grounding pin 2, and applying the input 
to pin 3, results in a gain of +2. Finally, by using pin 2 as an 
input and grounding pin 3, a gain of -1 can be achieved. 

Compatibility with existing op amp pinouts provides flexibility to 
upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the std pinout provides an upgrade 
path, should a higher closed loop gain be needed at a future 
date. For Military product, refer to the HFA 1113'883 data sheet. 

Ordering Information 

PART OPERATING PRODUCT 
NUMBER TEMP. RANGE DESCRIPTION 

HFA 1113MJ/883 -55"C to + 125"C 8 Lead Ceramic DIP 

HFA11131J -40"C to +85"C 8 Lead Ceramic DIP 

HFAll131P -40"C to +85·C 8 Lead Plastic DIP 

HFAl1131B -4O"C to +85·C 8 Lead SOIC 

Pin Descriptions 

PIN 
NAME NUMBER DESCRIPTION 

NC 1 No Connection 

-IN 2 Inverting Input 

+IN 3 Non-Inverting Input 

V- 4 Negative Supply 

VL 5 Lower Output Umit 

OUT 6 Output 

V+ 7 Positive Supply 

VH 8 Upper Output Urnlt 

CAUTION: These devices are aensHiva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1342 
Copyright @ Harris Corporation 1993 
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Specifications HFA1113 

Absolute Maximum Ratings 
Voltage Between v+ and V- •••••••••••••••••••••••••••• 12V 
DC Input Voltage ••••••••.•••••.•••••••••••••••••• V SUPPLY 
Dilferentlallnput Voltage •••••••••••••••••••••••••••••••• 5V 
Output Current ••••••••••••••••••••••••••..••••••••• 60rnA 
Junction Temperature. • • • • • • • • • • • • • • . • • • • • • • • • • • • • • + 175"C 
Junction Temperature (Plastic Package) ••••••••••••••. +15O"C 
Lead Temperature (Soldering 1 0 sec.). • • • • • • • • • • • • • • • • +3OO"C 

Operating Conditions 
HFA 11131 .•••••••••••.••.•••...•.••..•• -4O"C S TA S +85°C 
Storage Temperature •••••••.••••••.•••••• -6500 S TA S +1SOOC 
Thermal Resistance ("CIW) BJA BJC 

Ceramic DIP Package. • • • • • • • • • • • • • • 116 36 
Plastic DIP Package • • • • . • • • . • • • • • • • 98 36 
SOIC Package..................... 158 43 

CAUTION: s_ abowo /hose listed In 'l4bso/ute Maximum Ratings" /1liiy cause permanent dameg4J to IhB davIce. ThIs III a .trees only ,.Iing and opIIIIIlion 
of IhB dtwIce at"... or any 0"'" condilJons ebcMt those Indicated In IhB ope,.tIona/ secfjons of this specification is not "",lHId. 

Electrical Specifications VSUPPlY = ±5V, Av = +1, f\ = 1000, Unless OIherwise Specffled 

HFA11131 

PARAMETER TEMP. MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS 

Output (msetVoftage +25°C - 8 25 mV 

Full - - 35 mV 

Output Offset Voftage Drift Full - 10 - "Vloo 
PSRR +25°C 39 45 - dB 

Full 35 - - dB 

Input Voltage Noise (100kHz) +25°C - 9 - nVNHz 

+Input Current Noise (100kHz) +25°C - 19 - pANHz 

Non-Inv. Input Bias Current +25°C - 25 35 JlA 
Full - - 60 JlA 

Non-Inv.lnput Resistance +25°C 30 50 - lin 

Inv. Input ResIstance +25°C 240 300 360 n 
Input Capacltance (Either Input) +25°C - 2 - pF 

Input Common Mode Range Full 2.5 2.8 - ±V 

TRANSFER CHARACTERISTICS 

Gain (Av = +1, VIN = +2V) +25°C 0.980 0.990 - VN 

Full 0.975 - - VN 

GaIn (Av = +2, VIN = +1V) +25°C 1.96 1.98 - VN 

Full 1.95 - - VN 

DC Non-Unearlty (Av = +2, ±2V Full Scale) +25°C - 0.02 - % 

OUTPUT CHARACTERISTICS 

Output Voltage (Av = -1) +250C 3.0 3.3 - ±V 

Full 2.7 3.0 - ±V 

Output Current (RL = son) +2500, 85°C 50 60 - rnA 

-40"C 35 50 - rnA 

DC Closed Loop Output Impedance +25°C - 0.1 - n 
POWER SUPPLY CHARACTERISTICS 

Supply Voltage Range Full 4.5 - 5.5 ±V 

Supply Current +25°C - 21 26 rnA 

Full - - 33 rnA 
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Specifications HFA1113 

Electrical Specifications VSUPPLY = ±5V, fly = +1, RL = 1000, Unless Otherwise Specified (Continued) 

HFA11131 

PARAMETER TEMP. MIN TYP MAX UNITS 

AC CHARACTERISTICS 

·3dB Bandwidth (VOUT = 0.2Vp•p) fly =-1 +25°C - 600 - MHz 

fly = +1 +25°C - 850 - MHz 

fly = +2 +25OC - 530 - MHz 

Slew Rate (VOUT = 5Vp•p) fly =-1 +25OC - 2400 - V/jIs 

Ay=+1 +25°C - 1700 - V/jIs 

Ay=+2 +25OC - 2050 - V/JlS 

Full Power BW (5Vp.p, Ay = +2) +25°C - 260 - MHz 

Gain Flatness (to 20OMHz, Ay = +2) +25OC - ±O.07 - dB 

Gain Aatness (to 30MHz, fly = +2) +25OC - ±0.015 - dB 

2nd Harmonic Distortion (50MHz, VOUT = 2Vp.p) +25OC - -60 - dBc 

3rd Harmonic Distortion (50MHz, VOUT = 2Vp.p) +25OC - -80 - dec 

3rd Order Intercept (10OMHz) +25°C - 30 - dBm 

1dB Compression (1ooMHz, fly = +2) +25OC - 18 - dBm 

Rise TIme (VOUT = 0.5V Step) Ay=+2 +25°C - 700 - ps 

fly = +1 +25°C - 500 - ps 

Overshoot (VOUT = 0.5V Step) +25OC - 0.5 - % 

0.1% SeWing (VOUT = 2V to OV) +25OC - 11 - ns 

0.05% SetUing (VOUT = 2V to OV) +25OC - 15 - ns 

Differential Gain fly = +1, 3.58MHz, +250C - 0.03 - % 
~=15OQ 

fly = +2, 3.58MHz, +25OC - 0.02 - % 
~=15OQ 

Differential Phase fly " +1, 3.58MHz, +25OC - 0.05 - Degrees 
~=15OQ 

Ay = +2, 3.58MHz, +25°C - 0.04 - Degrees 
~=15OQ 

CLAMP CHARACTERISTICS Av = +2, VH = +W, VL = -W, Unless Otherwise Specified. 

Clamp Accuracy (VIN = ±2V, Av= -1) +25°C - 80 ±150 mV 

Clamp Overshoot (VIN = ±1 V, Input !Itt = 2ns) +25°C - 4 - % 

Overdrive Recovery TIme (VIN = ±1 V) +25°C - 0.75 1.5 ns 

Negative Clamp Range +25OC - -5.0 to +2.0 - V 

Positive Clamp Range +250C - -2.0 to +5.0 - V 

Clamp Input Bias Current +25°C - 50 200 ItA 
Clamp Input Bandwidth (VH or VL = 1oomVp.p) +25OC - 300 - MHz 
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Ole Characteristics 
DIE DIMENSIONS: 

63 x 44 x 19± 1mils 
1600JUll x 1130l1m ± 25.4JUll 

METALLIZATION: 
Type: Metal 1 : AICu(2~)mW 
Thickness: Metal 1 : BkA ± 0.4kA 

GLASSIVATION: 
Type: Nitride 
Thickness: 4kA ± o.skA 

DIE ATTACH: 

HFA1113 

Type: Metal 2: AICu(2%) 
Thickness: Metal 2: 16kA ± O.akA 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 
0.909 x 105 Alcm2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 

Metallization Mask Layout 
HFA1113 

NC 

r SDD'lDA 

• 

NC 

OUT 
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HFA1113 

Application Information 

Closed Loop Gain Selection 

The HFA 1113 features a novel design which allows the user 
to select from three closed loop gains. without any external 
components. The result is a more fleXible product. fewer part 
types in inventory. and more efficient use of board space. 

This "buffer" operates in closed loop gains of -1. +1. or +2. and 
gain selection is accomplished via connections to the ±Inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1. while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 

The table below sumarizes these connections .• 

GAIN(AcJ 

-1 

+1 

+2 

Clamp Operation 
Ganefal 

CONNECTIONS 

+INPUT -INPUT 
(PIN 3) (PIN 2) 

GND Input 

Input NC(Aoating) 

Input GND 

The HFA 1113 features user programmable output clamps to 
limit output voltage excursions. Clamping action is obtained 
by applying voltages to the VH and VL terminals (pins 8 & S) 
of the amplifier. VH sets the upper output limit. while VL sets 
the lower clamp level. If the amplifier tries to drive the output 
above VH. or below VL• the clamp circuitry limits the output 
voltage at VH or VL (± the clamp accuracy). respectively. The 
low input bias currents of the clamp pins allow them to be 
driven by simple resistive divider circuits. or active elements 
such as amplifiers or CACs. 

Clamp Circuitry 

Figure 1 shows a simplified schematic of the HFA 1113 input 
stage. and the high clamp (VH) circuitry. As with all current 
feedback amplifiers. there is a unity gain buffer (OX1 - OX2) 
between the positive and negative inputs. This buffer forces 
-IN to track +IN. and sets up a slewing current of (V-IN
VOUT)/RF. This current is mirrored onto the high imped
ance node (Z) by OX3-0X4. where it is converted to a volt
age and fed to the output via another unity gain buffer. If no 
clamping is utilized. the high impedance node may swing 
within the limits defined by OP4 and ON4. Note that when 
the output reaches it·s quiescent value. the current flowing 
through -IN is reduced to only that small current (-I BIAS) 
required to keep the output at the final voltage. 

Tracing the path from VH to Z illustrates the effect of the 
clamp voltage on the high impedance node. VH decreases 
by 2VeE (ONe and OPS) to set up the base voltage on OPS. 
OPS begins to conduqt whenever the high impedance node 
reaches a voltage equal to OPS's base + 2VeE (OPS and 
ONS). Thus. OPS clamps node Z whenever Z reaches VH. 

5CIK 
R1 (3OK 

FORvLl 

FIGURE 1. HFA1113 SlMPUFIED VH CLAMP CIRCUITRY 

R1 provides a pull-up network to ensure functionality with 
the clamp inputs floating. A similar description applies to the 
symmetrical low clamp Circuitry controlled by VL• 

When the output is clamped. the negative input continues to 
source a slewing current (IClAMP) in an attempt to force the out
put to the quiescent voltage defined by the input QPS must 
sink this current while clamping. because the -IN current is 
always mirrored onto the high impedance node. The clamping 
current is calculated as (V-IN - Your) /3OOQ. As an example. a 
unity gain circuit with VIN = 2V. and VH = 1V. woulcl have IClAMP 
= (2-1)13OOQ .. 3.27mA Note that Icc will increase by IClAMP 
when the output Is clamp limited. 

Clamp Accuracy 

The clamped output voltage will not be exactly equal to the 
voltage applied to VH or VL. Offset errors. mostly due to VeE 
mismatches. necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
1. it can be seen that one component of clamp accuracy is the 
Vee mismatch between the axe transistors. and the OXS 
transistors. If the transistors always ran at the same current 
level there would be no VeE mismatch. and no contribution to 
the inaccuracy. The axe transistors are biased at a constant 
current. but as described earlier. the current through QX5 is 
equivalent to ICLAMP. VeE increases as ICLAMP increases. 
causing the clamped output voltage to increase as well. 
IClAMP is a function of the overdrive level (V-IN - Vour 
CLAMPED). so clamp accuracy degrades as the overdrive 
increases. As an example. the specified accuracy of ±8OmV 
for a 2X overdrive degrades to ±2SOmV for a 3X overdrive. 

Consideration must also be given to the fact that the clamp 
voltages have an effect on amplifier linearity. The "Nonlinear
ity Near Clamp Voltage" curve in the data sheet illustrates 
the impact of several clamp levels on linearity. 
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Clamp Range 

Unlike some competitor devices, both VH and VL have usable 
ranges that cross OV. While VH must be more positive than VL, 
both may be positive or negative, within the range restrictions 
indicated in the specifications. For example, the HFA 1113 
could be limited to ECl output levels by setting VH = -o.SV 
and VL = -l.Sv' VH and VL may be connected to the same 
voltage (GND for instance) but the result won't be in a DC out
put voltage from an PC input signal. A 150 - 200mV PC signal 
will still be pre$8nt at the output. 

Recovery from Overdrive 

The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (VCLAMP I AvcJ the amplifier will 
return to linear operation. A time delay, known as the Over
drive Recovery Time, is required for this resumption of linear 
operatiOn. The plots of ·Unclamped Performance" and 
"Clamped Performance" highlight the HFA 1113's subnano
second recovery time. The difference between the 
unclamped and clamped propagation delays is the overdrive 
recovery time. The appropriate propagation delays are 4.0ns 
for the unclamped pulse, and 4.Sns for the clamped (2X 
overdrive) pulse yielding an overdrive recovery time of 
BOOps. The measurement uses the 90% point of the output 
transition to ensure that linear operation has resumed. Note: 
The propagation delay illustrated is dominated by the fixtur
ing. The delta shown is accurate, but the true HFA 1113 prop
agation delay Is 500ps. 

PC Board Layout 
The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 
The use of low Inductance components such as chip 
resistors and chip capacitors Is strongly recommended, 
while a solid ground plane Is a must! 

Attention should be given to decoupling the power supplies. 
A large value (lOILF) tantalum in parallel with a small value 
chip (O.lILF) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier's 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 

An example of a good high frequency layout is the Evalua
tion Board shown below. 

Evaluation Board 
The performance of the HFAll13 may be evaluated using 
the HA 1130 Evaluation Board, slightly modified as follows: 

1. Remove the 500n feedback resistor (R2), and leave the 
connection open. 

2. a. For Av = +1 evaluation, remove the 500n gain setting 
resistor (Rl), and leave pin 2 floating. 

b. For Av = +2, replace the 500n gain setting resistor with 
a on resistor to GND. 

The layout and modified schematic of the board are shown 
here: 

f7l------iJ+Sy 

IN-----t;U 

r---'~~4 5 VL 
'------' riJ QND 

-sv QND"'V 

TOP LAYOUT 

.r-------------~. 

• 
BOTTOM LAYOUT 

• 
o 0 

0 ~ 0 
0 0 

0 0 

• • 
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Typical Performance Curves VSUPPLY= ±5V, TA = +25°C, RL = lOOn. Unless Otherwise Specified. 
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Typical Performance Curves VSUPPLY = t5V, TA = +25"C, f\ = 1000. Unless Otherwise Specified. (Continued) 
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Features 
• User Programmable Output Voltage Clamp 

• Low Distortion (30MHz) ••••••••••••• ·56dBc 

• -3dB Bandwidth •••••••••••••••••• 850MHz 

• Very Fast Slew Rate •••••••••••••• 2300Vll1s 

• Fast Settling Time (0.1%) ••••••••••••• 11ns 

• Excellent Gain Flatness 
• (100MHz) ••••••••••••••••••••••• 0.14dB 
• (50MHz) •••••••••••••••••••••••• O.04dB 
• (30MHz) •••••••••••••••••••••••• 0.01 dB 

• High Output Current •••••••••••••••• 60mA 

• Overdrive Recovery •••••••••••••••••• <1 ns 

Applications 

• Residue Amplifier 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

• RFnF Signal Processing 

• Flash AID Driver 

• Medical Imaging Systems 

Pinout 
HFA1130 

(PDIP, CDIP, SOIC) 
TOP VIEW 

HFA1130 
Output Clamping, Ultra High-Speed 

Current Feedback Amplifier 

Description 
The HFA1130 is a high speed wideband current feedback amplifier 
featuring programmable output clamps. Built with Harris' proprietary 
complementary bipolar UHF·1 process, it is the fastest monolithic 
amplifier available from any semiconductor manufacturer. 

This amplifier is the ideal choice for high frequency applications 
requiring output limiting, especially those needing ultra fast ollerdrille 
recovery times. The output clamp function allows the designer to set 
the maximum positive and negatille output levels, thereby protecting 
later stages from damage or input saturation. The sub-nanosecond 
overdrive recovery time quickly returns the amplifier to linear opera· 
tion, following an overdrive condition. 

The HFA 1130 offers significant performance improvements oller the 
CLC500/501/502. 

A variety of packages and temperature grades are available. See the 
ordering information below for details. For 1883 product refer to the 
HFA 11301883 datasheet. 

Ordering Information 

OPERATING PRODUCT 
PART NUMBER TEMP RANGE DESCRIPTION 

HFA 113OMJ/883 ·550C to + 125°C 8 Lead Ceramic DIP 

HFA1130lJ -4O"C to +8500 8 Lead Ceramic DIP 

HFA1130lP -4O"C to +85OC 8 Lead Plastic DIP 

HFA1130lB -40"C to +8500 8 LeadSOIC 

HFA1130Y -4O"C to +8500 Ole 

The Op Amps With Fastest Edges 

,.. i : I 

::' . ...,. ,~!/Ift..~ .. ~ ;~.: 
• 1 .: ': : ! .: :. • j ~ • 

, >-.1 . ~ 'iJI ~j i "'¥~": ''4i 
i j ~ INPUI ; 

Ons 25n. 

INPUT 
220MHz 
SIGNAL 

OUTPUT 
(Avd) 
HFA1130 
OPAMP 

CAUTION: These devices are sensltillll to electrostatic discharge. Users should follow propsr I.e. Handling Procedures. Rle Number 3369 
Copyright @ Harris Corporation 1993 
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Specifications HFA 1130 

Absolute Maximum Ratings 
Voltage Between v+ and v- •••••••••••••.•••••••••••••• 12V 
DC Input Voltage ................................. VSUPPLY 
Differential Input Voltage •.•..•••.•••••••.•.•.••.••.•••.. 5V 
Output Current (50% Duty Cycle) ••••••••••••••••••.•••• 60mA 
Junction Temperature •••••••••••••••••••••••••••••• +1750C 
Junction Temperature (Plastic Package) ••.••••••.••.•• +15O"C 
Lead Temperature (Soldering 10 Sec.) .....••..• , .....• +3OO"C 

Operating Conditions 
Operating Temperature Range 

HFA11301. ............................ -4O"C s TAS~C 
Storage Temperature Range •••••••••..•••. -65OC S TA S + 15O"C 
Thermal Package Characteristics (OCIW) OJA OJC 

Ceramic DIP Package .. .. .. .. .. .. .. • 116 36 
Plastic DIP Package .. .. .. .. .. .. .. .. 98 36 
SOIC Package..................... 156 43 

CAIIT/OIII: Stresses sbow thos6 listed In "Absalu,. Maximum Ratings" may cause permanent damage to IJuJ dsvIce. This Is a stress only I8ting and opetation 
of the devIcs at IJuJse or any other conditions abowllhoss indicated in IJuJ opel8tiona/ sections of this specification Is not "",Oed. 

Electrical Characteristics vSUi'PLY = ±5V, "" = +1, ~ = 5100, RL = 10on, Unless Otherwise Specified 

HFA11301 

PARAMETER TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Input OIfset Voltage· +25°C - 2 6 mV 

Full - - 10 mV 

Input OIfset Voltage Drift Full - 10 - Jl,VlOC 

VIO CMRR (AVCM = ±2V) +25°C 40 46 - dB 

Full 38 - - dB 

VIO PSRR (AVs = ±1.25V) +25°C 45 50 - dB 

Full 42 - - dB 

Non-lnY.lnput Bias Current (+IN = OV)· +25°C - 25 40 JI.A 
Full - - 65 ItA 

+IBlAS Drift Full - 40 - nAf'C 

+IBlAS CMS (AVcu = ±2V) +25OC - 20 40 JlAN 
Full - - 50 JlAN 

Iny. Input Bias Current (-IN = OV)· +25°C - 12 50 ItA 
Full - - 60 ItA 

-IBiAS Drift Full - 40 - nAf'C 

-IBiAS CMS (AVCM = ±2V) +25°C - 1 7 JlAN 
Full - - 10 JlAN 

-IBIAS PSS (AVs = ±125V) +25°C - 6 15 JlAN 
Full - - 27 JlAN 

Non-Inv. Input Resistance +25°C 25 50 - lin 

Iny. Input Resistance +25°C - 16 30 0 

Input Capacitance (either input) +25°C - 2 - pF 

Input Common Mode Range Full ±2.5 ±3.0 - V 

Input Voltage Noise (100kHz)" +25OC - 4 - nVrfHZ 

+Input Current Noise (100kHz) • +25°C - 18 - pArfHi 

-Input Current Noise (100kHz)· +25°C - 21 - pArfHi 

TRANSFER CHARACTERISTICS "" = +2, Unless Otherwise Specified 

Open Loop Transimpedance +25°C - 500 - lin 

-3dB Bandwidth (VOUT = 0.2Vp.p, Ay = +1)· +25°C 530 850 - MHz 

-3dB Bandwidth (VOUT = 0.2Vp_p, Ay = +2, ~ = 3600) +25OC - 670 - MHz 

• See "TYPical Performance Curve for more Information. 
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Specifications HFA 1130 

Electrical Characteristics VSUPPLY = ±5V, Ay = +1, RF = 51 on, RL = 10on, Unless Otherwise Specified (Continued) 

HFA11301 

PARAMETER TEMP MIN TYP MAX UNITS 

Gain Flatness (to 100MHz)· +25OC · iO.14 · dB 

Gain Flatness (10 5OMHz) +25°C · iO.04 · dB 

Gain Flatness (to 3OMHz) +25"0 · ±0.01 · dB 

Unear Phase Deviation (DC to 100MHz)· +25°C · 0.6 · Degrees 

Differential Gain (NTSC, RL = 750) +25°C · 0.03 · 'Yo 

Differential Phase (NTSC, RL = 750) +250C · 0.05 · Degrees 

Minimum Stable Gain Full 1 · · VN 

OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 

Output Voltage (Ay = ·1)· +25°C ±3.0 ±3.3 · V 

Full ±2.5 ±3.0 · V 

Output Current (RL = 500, Ay = ·1) +25"0, 50 65 · rnA 
+65°C 

-4O"C 35 50 · rnA 

DC Closed Loop Output Impedance +25°C · 0.1 · 0 

2nd Harmonic Distortion (30MHz, VOUT = 2Vp•p) • +25OC · ·56 · dBc 

3rd Harmonic Distortion (30MHz, VOUT = 2Vp.p) • +25°C · -60 · dBc 

3rd Order Intercept (1 OOMHz) • +25°C 20 30 · dBm 

1dB Compression (100MHz) +25OC 15 20 · dBm 

TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specilled 

Rise Time (VOUT = 2.0V Step) +25OC · 900 · ps 

OVershoot (VOUT = 2.0V Step) • +25°C · 10 · 'Yo 

Slew Rate (Ay= +1, VOUT= 5Vp•p) +25°C · 1400 · V/IJS 

Slew Rate (Ay = +2, VOUT = 5Vp•p) +25"0 1950 2300 · V/IJS 

0.1'Yo SeWing (VOUT = 2V 10 OV) • +25OC · 11 · ns 

0.20/0 SeWing (VOUT = 2V to OV) • +25°C · 7 · ns 

POWER SUPPLY CHARACTERISTICS 

Supply Voltage Range Full ±4.5 · ±5.5 V 

Supply Current* +25°C · 21 26 rnA 

Full · · 33 rnA 

CLAMP CHARACTERISTICS Ay= +2, VH = +1V, VL = .1V, Unless Otherwise Specified 

Clamp Accuracy (VIN = ±2V, Ay = "1) +25OC · 60 ±125 mV 

Clamped OVershoot (VIN = ±1V, Input" = 2ns) +25OC · 4 · 'Yo 

OVerdrive Recovery Time (VIN = ±1 V) +25"0 · 0.75 1.5 ns 

NegatiVe Clamp Range +25OC · ·5.0 to +2.0 · V 

Positive Clamp Range +25OC · ·2.010+5.0 · V 

Clamp Input Bias Current +25°C · 50 200 JiA 
Clamp Input Bandwidth (VH or VL = 100mVp•p) +25°C · 300 · MHz 

• See 1)tplcal Performance Curve for more Information. 
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Application Information 

Optimum Feedback Resistor (RF) 

The enclosed plots of inverting and non-inverting frequency 
response detail the performance of the HFA 1130 in various 
gains. Although the bandwidth dependency on AcL Isn't as 
severe as that of a wltage feedback amplifier, there is an 
appreciable decrease in bandwidth at higher gains. This 
decrease can be minimized by taking advantage of the 
current feedback (CFB) amplifier's unique property of 
bandwidth dependency on RF. All current feedback amplifiers 
require a feedback resistor, even for unity gain applications. 
The RF, in conjunction with the internal compensation 
capacitor, sets the dominant pole of the frequency response. 
Thus, the amplifier's bandwidth is inversely proportional to RF' 
The HFA 1130 design is optimized for a 51 on RF at a gain of 
+ 1. Decreasing RF in a unity gain application decreases 
stability, leading to excessive peaking and overshoot. At 
higher gains the amplifaer is more stable, so RF can be 
decreased in a trade-off of bandwidth vs. stability. The table 
below lists recommended RF values for various gains, and the 
expected bandwidth. 

Act. 
+1 

-1 

+2 

+5 

+10 

+19 

Clamp Operation 
General 

RF(n) BW(MHz) 

510 850 

430 580 

360 670 

150 520 

180 240 

270 125 

The HFA 1130 features user programmable output clamps to 
limit output wltage excursions. Clamping action Is obtained 
by applying wltages to the VH and VL terminals (pins 8 & 5) 
of the amplifier. VH sets the upper output limit, while VL sets 
the lower clamp level. If the amplifier tries to drive the output 
above VH, or below Vb the clamp circuitry limits the output 
voltage at VH or VL (± the clamp accuracy), respectively. The 
low input bias currents of the clamp pins allow them to be 
driven by simple resistive divider circuits, or active elements 
such as amplifiers or DACs. 

Clamp Circuitry 

Figure 1 shows a simplified schematic of the HFA 1130 input 
stage, and the high clamp (VH) circuitry. As with all current feed
back amplifiers, there is a unity gain buffer (QX1 - QX2) between 
the posftive and negative inputs. This buffer forces -IN to track 
+IN, and sets up a slewing current of (V-IN - Vour)/RF. This cur
ren! is mirrored onto the high impedance node (Z) by QX3-QX4, 
where it Is converted to a witage and fed to the output via 
another unity gain buffer. H no clamping is utilized, the high 
impedance node may swing within the limfts defined by OP4 and 
ON4. Note that when the output reaches it's quiescent value, the 
current flowing through -IN is reduced to only that small current 
(-lelASl required to keep the output at the final wltage. 

-IN 
RF 

(EXTERNAL) 

50K 
(3OK 
FORVLl 

FIGURE 1. HFA1130 SIMPLIFIED VH CLAMP CIRCUITRY 

Tracing the path from VH to Z illustrates the effect of the clamp 
wltage on the high Impedance node. VH decreases by 2VeE 
(ON6 and OPS) to set up the base wltage on OP5. OP5 begins 
to conduct whenever the high impedance node reaches a wlt
age aqualto OP5's base + 2VeE (OP5 and ON5). ThUs, OP5 
clamps node Z whenever Z reaches VH. R1 provides a pull-up 
network to ensure functionality with the clamp inputs floating. A 
similar description applies to the symmetrical low clamp cir
cuitry controlled by VL• 

When the output is clamped, the negative input continues to 
source a slewing current (ICLAMP) In an attempt to force the out
put to the quiescent voltage defined by the input. OP5 must 
sink this current while clamping, because the -IN current is 
always mirrored onto the high impedance node. The clamping 
current is calculated as (V-IN - VOUT) I RF' As an example, a 
unity gain circuft wfth VIN = 2V, VH = 1V, and RF = 510n would 
have ICLAMP = (2-1)/51 on = 1.96mA Note that Icc will increase 
by ICLAMP when the output is clamp limited. 

Clamp Accuracy 

The clamped output voltage will not be exactly aqualto the 
voltage applied to VH or VL. Offset errors, mostly due to VeE 
mismatches, necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
1, ft can be seen that one component of clamp accuracy is the 
VeE mismatch between the OX6 transistors, and the OX5 
transistors. If the transistors always ran at the same current 
level there would be no VeE mismatch, and no contribution to 
the inaccuracy. The QX6 transistors are biased at a constant 
current, but as described earlier, the current through OX5 is 
equivalent to ICLAMP- VeE increases as ICLAMP Increases, 
causing the clamped output voltage to increase as well. 
ICLAMP is a function of the overdrive level (V-IN - VOUT clamped) 
and Rfo so clamp accuracy degrades as the overdrive 
Increases, or as RF decreases. As an example, the specified 
accuracy of ±6omV for a 2)( overdrive with RF = 510n 
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degrades to ±220mV for RF = 2400 at the same overdrive, 
or to ±250mV for a 3X overdrive with RF = 5100. 

Consideration must also be given to the fact that the clamp 
voltages have an effect on amplifier linearity. The "Nonlinear
ity Near Clamp Voltage" curve in the data sheet illustrates 
the impact of several clamp levels on linearity. 

Clamp Range 

Unlike some competitor devices, both VH and VL have usable 
ranges that cross OV. While VH must be more positive than VL, 
both may be positive or negative, wilhin the range restrictions 
indicated in the specifications. For example, the HFA 1130 
could be limited to ECl output levels by selting VH = -O.SV 
and VL = -1.SV. VH and VL may be connected to the same 
voltage (GND for instance) but the result won't be in a DC out
put voltage from an AC input signal. A 150 - 200mV AC signal 
will still be present at the output. 

Recovery from Overdrive 

The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (V CLAMP I AvcLl the amplifier will 
return to linear operation. A time delay, known as the Over
drive Recovery Time, is required for this resumption of linear 
operation. The plots of 'Unclamped Performance" and 
"Clamped Performance" highlight the HFA113O's subnano
second recovery time. The difference between the 
unclamped and clamped propagation delays is the overdrive 
recovery time. The appropriate propagation delays are 4.0ns 
for the unclamped pulse, and 4.Sns for the clamped (2X 
overdrive) pulse yielding an overdrive recovery time of 
SOOps. The measurement uses the 90% point of the output 
transition to ensure that linear operation has resumed. Note: 
The propagation delay illustrated is dominated by the fixtur
ing. The delta shown is accurate, but the true HFA 1130 prop
agation delay is 500ps. 

Use of Die in Hybrid Applications 
This amplifier is designed with compensation to negate the 
package parasitics that typically lead to instabilities. As a 
result, the use of die in hybrid applications results in 
overcompensated performance due to lower paraSitic 
capacitances. Reducing RF below the recommended values 
for packaged units will solve the problem. For Av = +2 the 
recommended starting point is 3000, while unity gain 
applications should try 4000. 

PC Board Layout 
The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 
The use of low Inductance components such as chip 
resistors and chip capaCitors Is strongly recommended, 
while a solid ground plane Is a must! 

Attention should be given to decoupling the power supplies. 
A large value (10IlF) tantalum in parallel with a small value 
chip (0.11lF) capacitor works well in most cases. 

Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capaCitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 

Care must also be taken to minimize the capacitance to 
ground seen by the amplifier's inverting input. The larger this 
capaCitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it Is 
recommended that the ground plane be removed under 
traces connected to pin 2, and connections to pin 2 should 
be kept as short as possible. 

An example of a good high frequency layout is the Evalua
tion Board shown below. 

Evaluation Board 
An evaluation board is available for the HFA 1130. Please 
contact your local sales office for information. 

The layout and schematic of the board are shown here: 

FIGURE 2. BOARD SCHEMATIC 

TOP LAYOUT 

..r-------------~. 

~------------~. 
BOTTOM LAYOUT 
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Die Characteristics 

DIE DIMENSIONS: 
63 x 44x 19± 1 mils 
1600J.llT1 x 1130llm ±25.4Ilm 

METALLIZATION: 
Type: Metal 1: AICu(2%JmW 
Thickness: Metal 1: akA ± 0.4kA 

GLASSIVATION: 
Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 

HFA1130 

Type: Metal 2: ALCu(2%) 
Thickness: Metal 2: 16kA ± o.akA 

Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 

WORST CASE CURRENT DENSITY: 
0.909 x 105 Ncm2 

TRANSISTOR COUNT: 52 

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-I 

Metallization Mask Layout 
HFA1130 

r 50070R :Ie ••••••• .:. • • +C 9 

+IN • 

v-

BAL 

OUT 
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HFA1130 

Typical Performance Curves VSUPPl.Y= ±5V, RF = 5100. TA = +250C, At = lOon Unless Otherwise Specified. 
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HFA1130 

Typical Performance Curves v SUPPLY = ±5V, RF = 51 On, TA = +25°C, RL = 1000. Unless Otherwise Specified. (Continued) 
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Typical Performance Curves VSUPPLY = ±5V, RF = 5100, TA = +25"(;, RL = loon Unless Otherwise Specified. (Continued) 
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Typical Performance Curves VSUPPLY = ±5V, R" = 5100, TA = +25"C, RL = 1000. Unless Otherwise Specified. (Continued) 
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Typical Performance Curves VSUPPlY = ±5V, RF = 5100, Til = +25"C, RL .. 1000. Unless Otherwise Specified. (Continued) 
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ICL7611,ICL7612 

March 1993 

Features 
• Wide Operating VoHage Range .•..•••.•..• ±1 V to ±8V 

• High Input Impedance •••••••••••••••••••••• 1012 0 

• Programmable Power Consumption •••• Low as 20l1W 

• Input Current Lower Than BIFlETs •••••••••• 1pA Typ 

ICL76XX Series Low Power 
CMOS Operational Amplifiers 

Description 
The ICl761X1762X1764X series is a family of monolithic 
CMOS operational amplifiers. These devices provide the 
designer with high performance operation at low supply 
voltages and selectable quiescent currents, and are an ideal 
design tool when ultra low input current and low power 
dissipation are desired. 

• Output Voltage Swing ••••••••••••••••••• V+ and V- The basic amplifier will operate at supply voltages ranging 

• Input Common Mode Voltage Range Greater Than from ±1V to ±BY, and may be operated from a single Lithium 
Supply Ralls (ICL7612) cell. 

Applications 

• Portable Instruments 

• Telephone Headsets 

• Hearing AldlMlcrophone Amplifiers 

• Metar Amplifiers 

• Medlcallnstruments 

• High Impedance Buffers 

Pinouts (See Ordering Information on Next Page) 

ICL7611,ICL7612 
(POIP, SOIC) 
TOP VIEW 

BAL~IoSET ~N 2 ~ v+ 
+IN 3 6 OUT 

11-4 SBAL 

A unique quiescent current programming pin allows setting 
of standby current to 1 mA, 100!lA, or 10llA, with no external 
components. This results in power consumption as low as 
2011W. The output SWing ranges to within a few millivolts of 
the supply voltages. 

Of particular significance is the extrem~ low (1pA) input 
current, input noise current of 0.01pAlVHZ. and 10120 input 
impedance. These features optimize performance in very 
high source impedance applications. 

The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either supply. 

AC performance is excellent, with a slew rate of 1.6V/l1s, and 
unity gain bandwidth of 1 MHz at 10 = 1 mAo 

Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these fea
tures may include stable instruments, extended life designs, 
or high density packages. 

ICL7611,ICL7612 
(METAL CAN) 

TOP VIEW 

10 SET 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2919.1 
Copyright@HarrisCorporation 1993 
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ICL7611,ICL7612 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

ICL7611ACPA O"C to +7O"C 8 Lead Plastic DIp· A Grade 

ICL7611BCPA O"C to +7O"C 8 Lead Plastic DIP· B Grade 

ICL7611DCPA O"C to +7O"C 8 Lead Plastic DIP· 0 Grade 

ICL7611ACTV O"C to +7O"C 8 Pin TO-99 Metal Can • A Grade 

ICL7611BCTV O"C to +7O"C 8 Pin TO-99 Metal Can • B Grade 

ICL7611DCTV O"C to +7O"C 8 Pin TO-99 Metal Can • 0 Grade 

ICL7611AMTV ·55°C to +12500 8 Pin TO·99 Metal Can • A Grade 

ICL7611BMTV ·55"C to +12500 8 Pin TO-99 Metal Can • B Grade 

ICL76110MTV ·55"C to +12500 8 Pin TO-99 Metal Can • 0 Grade 

ICL7611DCBA O"C to +7O"C 8 Lead SOIC • 0 Grade 

ICL7611DCBA·T O"C to +7O"C 8 Lead SOIC • 0 Grade· Tape and Reel 

ICL7612ACPA O"C to +7O"C 8 Lead Plastic DIP· A Grade 

ICL7612BCPA O"C to +7O"C 8 Lead Plastic 01 P • B Grade 

ICL7612DCPA O"C to +7O"C 8 Lead Plastic DIp· 0 Grade 

ICL7612ACTV O"C to +7O"C 8 Lead TO-99 Metal Can • A Grade 

ICL7612BCTV O"C to +7O"C 8 Lead T0-99 Metal Can • B Grade 

ICL7612DCTV O"C to +7O"C 8 Lead TO-99 Metal Can· 0 Grade 

ICL7612AMTV .55OC to +12500 8 Lead TQ.99 Metal Can • A Grade 

ICL7612BMTV ·55"C to +12500 8 Lead T0-99 Metal Can· B Grade 

ICL76120MTV ·55"C to +12500 8 Lead T0-99 Metal Can • 0 Grade 

ICL7612DCBA O"C to +7O"C 8 Lead sole· 0 Grade 

ICL7612DCBA·T O"C to +7O"C 8 Lead SOIC • 0 Grade • Tape and Reel 
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Specifications ICL7611,ICL7612 

Absolute Maximum Ratings 
Supply Voltage v+ to v- ••••••••••••••••••••••••••••••• 18V 
Input Voltage •••••••••••••••••••••••••••• V- -0.3 to v+ +0.3V 
Differential Input Voltage (Note 1) •••••••••• [(V + +0.3) - (V- -O.3)]V 
Duration of OUtput Short Circuit (Note 2) •••••••••••••• Unlimited 
Power Dissipation 

At TA = +25"C •••••••••••••••••••••••••••••••••• 250mW 
Above TA = +25"C •••••••••••••••••• Derate Linearly 2mWt'C 

Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +1 SOOC 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3OO0C 

Operating Conditions 
Operating Temperature Range 

ICL76XXM ••••••••••••••••••••••••••• -55"C S TA:S +1250C 
ICL76XXC ••••••••••••••••••••••••••••• OOC S TA S +700C 

Storage Temperature Range ••••••••••••••• -65"C S TA :S +1 SOOC 

CAUTION: SInIsses abOll8 those listed In "AbsolufB MBJdmum Ratings" may cause permarienl damage 10 the davice. This is a slrBss only rating and operation 
of the devfce al these or any other condlnons above Ihosa Indicated In the operational sections of this specification is nol implied. 

Electrical Specifications VSUPPLY = is.OV, TA= +25"C, Unless Otherwise Specified 

ICL7611A, ICL7611B. 1CL7611D, 

TEST 
1CL7612A ICL7612B 1CL7612D 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset Voltage Vas Rs S 10OkO, TA = +25"C - - 2 - - 5 - - 15 mV 

TMINSTASTMAX - - 3 - - 7 - - 20 mV 

Temperature AVOfIAT Rs S100kC - 10 - - 15 · · 25 · jJVt'C 
Coefficient of Vas 

Input Offset Current los TA=+25°C - 0.5 30 - 0.5 30 · 0.5 30 pA 

000 to +700C · · 300 - · 300 · · 300 pA 

-55°C to + 125°C · - 800 - 800 · 800 pA 

Input Bias Current IBIAS TA=+25°C · 1.0 50 - 1.0 50 - 1.0 50 pA 

OOCto +700C · · 400 . · 400 · · 400 pA 

-55°C to +125"C · · 4000 - · 4000 · - 4000 pA 

Common Mode VCMR 10 = 10jJA ±4.4 - · ±4.4 - - ±4.4 - - V 
Voltage Range 

10 = 100jJA ±4.2 - - ±4.2 - - ±4.2 - - V (Except ICL7612) 
10 = 1mA ±3.7 · · ±3.7 · · ±3.7 - · V 

Extended Common VCMR 10 = 10jJA ±5.3 - · is.3 - - ±5.3 · · V 
Mode Voltage Range 

10 = 100jJA +5.3, · · +5.3, - · +5.3, · · V (ICL7612 Only) 
·5.1 -5.1 -5.1 

10 = 1mA +5.3, - · +5.3, · · +5.3, - · V 
-4.5 -4.5 -4.5 

OUtput Voltage Swing Vaur 10= 101JA, TA=+25"C ±4.9 · - ±4.9 - - ±4.9 - · V 
1X=1Mn O"C to 7O"C ±4.8 - - ±4.8 - - ±4.8 - - V 

-55"C to + 1250C ±4.7 · - ±4.7 · - ±4.7 · · V 

10= 100j.lA, TA=+250C ±4.9 - - ±4.9 - - ±4.9 · - V 
RL=100kC 

OOCt0700C ±4.8 · - ±4.8 · - ±4.8 - · V 

-55"C to + 125"C ±4.5 - - ±4.5 · · ±4.5 - · V 

10 = 1mA, TA=+25°C ±4.5 · · ±4.5 - - ±4.5 - - V 
RL= 10kO 

OOCto 700C ±4.3 - · ±4.3 - - ±4.3 - · V 

-55"C to + 1250C ±4.0 - - ±4.0 - - ±4.0 - - V 
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Specifications ICL7611, ICL7612 

Electrical Specifications VSUPPlY = ±5.0V, TA= +25"C, Unless Otherwise Speclfled (Continued) 

ICL7611A, ICL7611B, ICL7611D, 

TEST 
1CL7612A 1CL7612B 1CL76120 

PARAMETERS SYMBOL CONOrriONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Large Signal Voltage AvoL Vo -±4.0V, TA=+25OC 86 104 - 80 104 - 80 104 - dB 
Gain I\. = lMn, 

ooCl07ooC 80 75 75 dB 
IQ = 10pA - - - - - -

-55"C to + 125"C 74 - - 68 - - 68 - - dB 

Vo=±4.0V, TA=+25OC 86 102 - 80 102 - 80 102 - dB 
RL =100)(0, 

ooCl07ooC 80 - - 75 IQ= loojIA - - 75 - - dB 

-55"C to + 12S"C 74 - - 68 - - 68 - - dB 

Vo=±4.0V, TA=+25°C 80 83 - 76 83 - 76 83 - dB 
RL = 10kn, 

ooCt07ooC 76 IQ= lmA - - 72 - - 72 - - dB 

-55"C to + 125"C 72 - - 68 - - 68 - - dB 

Unity Gain Bandwidth GBW IQ = 10j1A - 0.044 - - 0.044 - - 0.044 - MHz 

IQ = loojIA - 0.48 - - 0.48 - - 0.48 - MHz 

IQ = lmA - 1.4 - - 1.4 - - 1.4 - MHz 

Input Resistance RIN - 1012 - - 1012 - - 1012 - 0 

Common Mode CMRR Rs s l00kO, IQ = 10jIA 76 96 - 70 96 - 70 96 - dB 
RejecUon Ratio 

Rs S 10OkO, IQ = loojIA 76 91 - 70 91 - 70 91 - dB 

Rs S 100kn,IQ = lmA 66 87 - 60 87 - 60 87 - dB 

Power Supply PSRR Rs S lOOkO, IQ = 10jIA 80 94 - 80 94 - 80 94 - dB 
RejecUon Ratio 

Rs S 10Okn, IQ = loojIA 80 86 - 80 86 - 80 86 - dB 
VSUPPLY = ±8V 10 ±2V 

Rs S lookO,lQ = lmA 70 77 - 70 77 - 70 77 - dB 

I npul Referred Noise eN Rs = 1000, f = 1kHz - 100 - - 100 - - 100 - nVN'Hz 
VoHage 

Input Referred Noise IN Rs = 1000, f = 1kHz - 0.01 - - 0.01 - - 0.01 - pAN'Hz 
Current 

Supply Current 
'SUPPlY 

No Signal, IQ SET = +5V, - 0.01 0.02 - 0.01 0.02 - 0.01 0.02 mA 
No Load Low Bias 

IQ SET = OV, - 0.1 0.25 - 0.1 0.25 - 0.1 0.25 mA 
Medium Bias 

IQSET =-5V , - 1.0 2.5 - 1.0 2.5 - 1.0 2.5 mA 
High Bias 

Channel Separation V01N02 ~=Ioo - 120 - - 120 - - 120 - dB 

Slew Rate SR ~=1, 10= 1000, - 0.016 - - 0.016 - - O.ot6 - V/JIS 
CL = 100pF I\.=IMO 
V1N = 8Vp.f' 

10= lOOj1A, - 0.16 - - 0.16 - - 0.16 - V/JIS 
1\.= l00kn 

IQ= lmA, - 1.6 - - 1.6 - - 1.6 - V/JIS 
I\. = IOkn 

Rise Time ~ V1N = 5OmV, IQ= 10000, - 20 - - 20 - - 20 - JIS 
CL= loopF 1\.= lMO 

IQ= lOOjIA, - 2 - - 2 - - 2 - JIS 
1\= lOOkn 

IQ= lmA, - 0.9 - - 0.9 - - 0.9 - JIS 
1\=IOkn 
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Specifications ICL7611,ICL7612 

Electrical Specifications VSUPPLY = ±5.0V, TA," +25"C, Unless Otherwise Specified (Continued) 

ICL7611A, ICL7611B, 1CL7611D, 

TEST 
1CL7612A 1CL7612B 1CL7612D 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Overshoot Factor as VIN = 5omV, Ia = 10000, - 5 - - 5 - - 5 - % 
CL= l00pF F\=IMO 

Ia = lOOj1A, - 10 - - 10 - - 10 - % 
1\= l00k0 

IQ= lmA, - 40 - - 40 - - 40 - % 
1\=IOkn 

NOTES: 

1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 

2. The outputs may be shorted to ground or 10 either supply, for V SUPP S 10V. Care must be taken 10 Insure that the dissipation rating is not 
exceeded. 

Electrical Specifications VSUPPLY = ±1.0V, IQ = 10lJA, TA= +25"C, Unless Otherwise Specified 

TEST 
1CL7611 A, ICL7612A ICL7611B, ICL7612B 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Ves Rs S l00ka TA = +25"C - - 2 - - 5 mV 

TMINSTASTMAl( - - 3 - - 7 mV 

Temperature Coefficient of Ves INer/I1T RsS 100kn - 10 - - 15 - "VI"C 

Input Offset Current los TA=+25OC - 0.5 30 - 0.5 30 pA 

OOC to +70oC - - 300 - - 300 pA 

Input Bias Current IBIAS TA=+25OC - 1.0 50 - 1.0 50 pA 

OOCto +70oC - - 500 - - 500 pA 

Common Mode Voltage Range VCMR ±0.6 - - ±0.6 - - V 
(Except ICL7612) 

Extended Common Mode VCMA +0.610 - - +0.610 - - V 
VoJlBge Range (ICL7612 Only) -1.1 -1.1 

Output VollBge SWing VOUT F\=IMn TA = +25"C ±D.98 - - ±D.98 - - V 

OOC 10 +7O"C ±D.98 - - ±D.96 - - V 

Large Signal VoIlBge Gain Avo!. Ve=±D·1V, TA = +25"C - 90 - - 90 - dB 
1\=IMO 

OOC10 +70oC - 80 - - 80 - dB 

Unity Gain Bandwidth GBW - 0.044 - - 0.044 - MHz 

Input Resistance RIN - 1012 - - 1012 - 0 

Common Mode Rejection Rallo CMRR Rss 100kn - 80 - - 80 - dB 

Power Supply Rejection Ratio PSRR Rss l00kn - 80 - - 80 - dB 

Input Referred Noise VollBge eN Rs= 1000, f= 1kHz - 100 - - 100 - nVNHz 

Input Referred Noise Current IN Rs= 1000, f= 1kHz - 0.01 - - 0.01 - pAN'Hi 

Supply Current ISUPPLY No Signal, No Load - 6 15 - 6 15 IJA 
Slew Rate SR "., = I, CL = 100pF, - 0.016 - - 0.016 - Vtvs 

VIN = O.2Vp.p, RL = lMO 

Rise Time IR VIN = 50mV, CL = l00pF - 20 - - 20 - i'S 
1\= lMn 

Overshoot Factor OS VIN = 5OmV, CL = l00pF, - 5 - - 5 - % 
RL= lMO 
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Specifications ICL7611, ICL7612 

Functional Diagram 

INPUT STAGE SETTING STAGE OUTPUT STAGE 

~;:~~::;------~~;:;~=1~--------:;::::;:~·:;::~~v+ 

BAL >--------+ 

OUTPUT 

v+ --f4H---< Ia SET 
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ICL7611, ICL7612 

Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Detailed Description 

Static Protection 

All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result in increased input 
leakage currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4-
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. In general, the op
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latch up. 

Choosing the Proper IQ 

The ICL7611 and ICL7612 have a similar 10 set-up scheme, 
which allows the amplifier to be set to nominal quiescent cur
rents of 10j.iA, 1 COj.iA or 1 mAo These current settings 
change only very slightly over the entire supply voltage 
range. The ICL7611/12 have an external 10 control terminal, 
permitting user selection of quiescent current. To set the 10 
connect the 10 terminal as follows: 

10 = 10j.iA -10 pin to V+ 

10 = 1COj.iA - 10 pin to ground. If this is not possible, any volt-
age from V+ - 0.8 to V- +0.8 can be used. 

10= 1mA -10 pin to V-

NOTE: The output current available is a function of the quiescent 
current setting. For maximum p-p output voltage swings into low 
impedance loads, 10 of 1 mA should be selected. 

Output Stage and Load Driving Considerations 

Each amplifiers' quiescent current flows primarily in the 
output stage. This is approximately 70% of the 10 settings. 
This allows output swings to almost the supply rails for 
output loads of 1 Mo, 100ka, and 10ka, using the output 
stage in a highly linear class A mode. In this mode, cross
over distortion is avoided and the voltage gain is maximized. 
However, the output stage can also be operated in Class AB 
for higher output currents. (See graphs under Typical 
Operating Characteristics). During the transition from Class 
A to Class B operation, the output transfer characteristic is 
non-linear and the voltage gain decreases. 

Input Offset Nulling 

Offset nulling may be achieved by connecting a 25K pot 
between the BAL terminals with the wiper connected to V+. At 
quiescent currents of 1mA the nulling range provided is ade
quate for all Vas selections; however with 10 = 10j.iA and 
1 COj.iA, nulling may not be possible with higher values of Vas. 

Frequency Compensation 

The ICL7611 and ICL7612 are internally compensated, and 
are stable for closed loop gains as low as unity with capaci
tive loads up to 100pF. 

Extended Common Mode Input Range 

The ICL7612 incorporates additional processing which 
allows the input CMVR to exceed each power supply rail by 
O.W for applications where V supp ~ ±1.5V. For those 
applications where Vsupp ~±1.5V the input CMVR is limited 
in the positive direction, but may exceed the negative supply 
rail by 0.1V in the negative direction (e.g. for Vsupp = ±1.0V, 
the input CMVR would be +D.6V to -1.1 V). 

Operation At V supp = ±1.0V 

Operation at V supp = ±1.0V is guaranteed at 10 = 10J.1A for A 
and B grades only. 

Output swings to within a few millivolts of the supply rails are 
achievable for RL ~ 1 MU Guaranteed input CMVR is ±0.6V 
minimum and typically +D.9V to -O.7V at Vsupp '"' ±1.0V. For 
applications where greater common mode range is desir
able, refer to the description of ICL7612 above. 

Applications 

The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 

Note that in no case is 10 shown. The value of 10 must be 
chosen by the designer with regard to frequency response 
and power dissipation. 

VIN -----I 
!>-9--.... -- VOUT 

FIGURE 19. SIMPLE FOLLOWER· 

+5 

VIN >--1----1 

100k~~-..... -I 
!>---.-. VOUT 

1M 

TO CMOS OR 
LPTTLLOGIC 

FIGURE 20. LEVEL DETECTOR" 

• By using the ICL7612 in this application, the circuit will follow rail to 
rail inputs. 
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i>---.... -- VOUT 

• Low leakage currents allow Integration times up to several hours. 

FIGURE 21. PHOTOCURRENT INTEGRATOR 

FIGURE 23. AVERAGING AC TO DC CONVERTER FOR AID CON
VERTERS SUCH AS ICL7106. ICL7107. ICL7109. 
ICL7116.ICL7117 

V+ 

1M 
V---4NY- V+ 

DUTY CYCLE 

.801en 

WAVEFORM GENERATOR 

Since Ihe output range swings exactly from rail to rail. frequency and 
duty cycle are virtually independent of power supply variations. 

FIGURE 22. PRECISE TRIANGLEISQUARE WAVE GENERATOR 

+BV 

.aV 

FIGURE 24. BURN·IN AND UFE TEST CIRCUIT 

>----VOUT 

FIGURE 25. VOl NULL CIRCUIT 
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O.2\1F 

O.2jlF 

10k 1&Ok 
I80k 100k 

INPUT O.1jlf t-~W_~'" 
OUTPUT 

360k 

The low bias currents permit high rBSlstance and low capacitance values to be used to achieve low frequency cutoff. 
fc = 10Hz, Avct. = 4, Passband ripple = 0.1 dB. 

"NOla that small capacitors (25 - 5OpF) may be needed for stability In some cases. 

FIGURE 26. FIFTH ORDER CHEBYSHEV MULTIPLE FEEDBACK LOW PASS FILTER 
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Features 
• Wide Operating Voltage Range .......•.... ±1 V to ±8V 

• High Input Impedance •••••••••••••••••••••• 1012 0 

• Input Currenl Lower Than BIFlETs •••••••••• 1 pA Typ 

• Output Voltage Swing ••••••••••••••••••• V+ and V-

• Available as Duals and Quads (Refer to ICL7611 for 
Singles) 

• Low Power Replacement for Many Standard Op Amps 

Applications 
• Portable Instruments 

• Telephone Headsets 

• Hearing AldlMlcrophone Amplifiers 

• Meter Amplifiers 

• Medlcallnstrurnenls 

• High Impedance Buffers 

ICL7621,ICL7641 
ICL7642 

ICL76XX Series Low Power 
CMOS Operational Amplifiers 

Description 
The ICL761X1762X1764X series is a family of monolithic 
CMOS operational amplifiers. These devices provide the 
designer with high performance operation at low supply 
voltages and selectable quiescent currents. They are an 
ideal design tool when ultra low input current and low power 
dissipation are desired. 

The basic amplifier will operate at supply voltages ranging 
from ±1V to ±8V. and may be operated from a single Lithium 
cell. The output swing ranges to within a few millivolts of the 
supply voltages. 

The quiescent supply current of these amplifiers is set to 3 
different ranges at the factory. Both amps of the dual 
ICL7621 are set to an 10 of 10<l\.LA. while each amplifier of 
the quad ICL7641 and ICL7642 are set to an IQ of 1mA and 
101-lA respectively. This results in power consumption as low 
as 20l1W per amplifier. 

Of particular Significance is the extrem~ low (1pA) input 
current. input noise current of 0.01pAl'i'Hz. and 10120 input 
impedance. These features optimize performance in very 
high source impedance applications. 

The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either supply. 

AC performance is excellent. with a slew rate of 1.6V1I1S. and 
unity gain bandwidth of 1 MHz at 10 = 1 mAo . 

Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these 
featurell may include stable instruments. extended life 
designs. or high density packages. 

Pinouts (See Ordering Information on Next Page) 

ICL7621 
(PDIP, SOIC) 
TOP VIEW 

ICL7621 
(METAL CAN) 

TOP VIEW 

ICL7641 (PDIP) 
ICL7642 (CDIP, PDIP) 

TOP VIEW 

v+ 

OUTA~V+ 
-INA • + OUTB 

+INA 3 .+ '-INB 

Yo 4 5 +INB 

Yo 
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ICL7621, ICL7641, ICL7642 

OrdennglnfortnaUon 
PART NUMBER TEMPERATURE RANGE PACKAGE 

ICL7621ACPA O"C to +70"0 8 Lead Plastic DIP - A Grade -IQ = 100j.IA 

ICL7621 BCPA O"C to +7O"C 8 Lead Plastic DIP - B Grade -IQ = 100j.IA 

ICL7621DCPA ooC to+700C 8 Lead Plastic DIP - D Grade -IQ = 100j.IA 

ICL7621ACTV O"C to +7O"C 8 Pin 1"0-99 Metal Can - A Gracie - IQ = 100j.lA 

ICL7621BCTV O"C to +7O"C 8 Pin TO-99 Metal Can - B Grade - IQ = 100j.IA 

ICL7621DCTV O"C to +7O"C 8 Pin T0-99 Metal Can - D Grade - IQ = 100pA 

ICL7621AMTV -55"C to +125"0 8 Pin T0-99 Metal Can - A Grade - IQ = 100j.IA 

ICL7621BMTV -55°C to +125"0 8 Pin T0-99 Metal Can - B Grade -10 = 100j.IA 

ICL7621DMTV -55°C to + 125°C 8 Pin T0-99 Metal Can - D Grade -IQ = 100j.IA 

ICL7621 DCBA O"C to +7O"C 8 Lead SOIC - D Grade - IQ = 100j.IA 

ICL7621 DCBA-T OoC to +700C 8 Lead SOIC - D Grade - Tape and ReeI- IQ .. 100j.IA 

ICL7641CCPD OOCto +700C 14 Lead Plastic DIP - C Grade -IQ = 1mA 

ICL7641 ECPD O"C to +7O"C 14 Lead Plastic DIP - E Grade -IQ = 1mA 

ICL7642CCPD O"C to +700C 14 Lead Plastic DIP - C Grade -IQ .. 10j.IA 

ICL7642ECPD O"C to +7O"C 14 Lead Plastic DIP - E Grade -IQ" 10j.IA 

ICL7642CCJD OOC to +70"0 14 Lead Ceramic DIP - C Grade -IQ = 10j.IA 

ICL7642CMJD -55°C to +125"0 14 Lead Ceramic DIP - C Grade - IQ = 10j.IA 

ICL7642EMJD -55°C to +125OC 14 Lead Ceramic DIP - E Grade -IQ = 10j.IA 

2-683 



Specifications ICL7621, ICL7641, ICL7642 

Absolute Maximum Ratings 
Supply Voltage V+ to V- •••••••••.••••••••••••••••••••• 18V 
Input Voltage •••••.•••••.•••..•.•••...••• V- -0.3 to V+ +<l.3V 
Differential Input Voltage (Note 1) ••••••.••. [(V+ +<l.3) - (V- -0.3)]V 
Duration of Output Short Circuit (Note 2) ...••••••••••• Unlimited 
Power Dissipation 

8 Lead Mini Dip and TO-99: 
At T" = +25·C ••..••••.•••••••••••••••••••.••• 250mW 
Above T" = +25·C ....•••.•..•.•.. Derate Linearly 2mWI"C 

14 Lead Plastic DIP: 
AI T" = +25·C ••.•.•••...•••.•.•••.•.••••..•.• 375mW 
Above T" = +25·C •.•.•.•..••••... Derate Linearly 3mWI"C 

14 Lead Ceramic DIP: 
At T" = +25·C ...••••...••••.•••.•••••••.••••• 500mW 
Above T" = +25·C •••...••..•••••• Derate Linearly 4mWI"C 

Junction Temperature. . . . • . . • . • • • • . • . . • . • • • • • . • . • . . + 175·C 
Junction Temperature (Plastic Package) ................ + 15O"C 
Lead Temperature (Soldering 10 Sec.) .•.•.••••.••••••. +300·C 

Operating Conditions 
Operating Temperature Range 

ICL76XXM •.••••..•••••...••••••..•• . -55"0 S T" S +125·C 
ICL76XXC •••.•.••••••.••••••••••••..•• O"C S T" S +7O"C 

Storage Temperature Range ••••••••••...• • -65"0 S T" S +15O"C 

CAUTION: stresses ab""", those listed In "Absolute Maximum Ratings' may cause permanent damage to the davies. This Is a s!r9ss only m!lng and opeI8tion 
of the df1Vic8 at _ or any other oonditions abowl lhasa indicated In thB operational ssotions of this specification is not implied. 

Electrical Specifications VSUPPLY = ±s.ov, TA= +25"0. Unless Otherwise Specified 

TEST 
ICL7621A ICL7621B ICL7621D 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Vos Rs S1001<O T,,=+25"C - - 2 - - 5 - - 15 mV 
Voltage 

TMINST"STMAX 3 - - 7 - - 20 mV - -
Temperature I!Not/IlT RsS 1001<0 - 10 - - 15 - - 25 - I1Vi"C 
Coefficient of 
Vos 

Input Offset los T,,=+25·C - 0.5 30 - 0.5 30 - 0.5 30 pA 
Current 

O"C to +70"C - - 300 - - 300 - - 300 pA 

-55·C to + 125·C - - 800 - 800 - 800 pA 

Input Bias IBIAS TA=+25·C - 1.0 50 - 1.0 50 - 1.0 50 pA 
Current 

O"Cto+70·C - - 400 - - 400 - - 400 pA 

-55"0 to +12SOC - - 4000 - - 4000 - - 4000 pA 

Common Mode VCMR 10 = 1001lA ±4.2 - - ±4.2 - - ±4.2 - - V 
Voltage Range 

OUtput Voltage VOUT 10=10011A. TA=+25"C ±4.9 - - ±4.9 - - ±4.9 - - V 
Swing RL =10Okn 

O"Ct070"C ±4.8 ±4.8 ±4.8 V - - - - - -
-5SOC to + 125·C ±4.5 - - ±4.5 - - ±4.5 - - V 

Large Signal AvoL Vo =±4.0V, TA=+25"C 86 102 - 80 102 - 80 102 - dB 
Voltage Gain RL=100kn, 

O·C to +70·C 80 75 75 dB 10 = 100j1A - - - - - -
-55·C to +125OC 74 - - 68 - - 68 - - dB 

Unity Gain GBW 10 = 1001lA - 0.48 - - 0.48 - - 0.48 - MHz 
Bandwidth 

Input ResIstance RIN - 1012 - - 1012 - - 1012 - C 

Common Mode CMRR Rs S 1001<0.10 = 1001lA 76 91 - 70 91 - 70 91 - dB 
Rejection Ratio 
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Specifications ICL7621, ICL7641, ICL7642 

Electrical Specifications VSUPPLY = ±5.0V, TA= +25"0, Unless Otherwise Specified (Continued) 

TEST 
1CL7621A ICL7621B ICL7621 0 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNrr5 

Power Supply PSRR Rs S lookO, IQ = lOOjIA 80 86 - 80 86 - 80 86 - dB 
Rejection Ratio 
VSUPPLY = ±8V 
to±2V 

Input Relerred eN Rs = lOOn, I = 1kHz - 100 - - 100 - - 100 - nVNHz 
Noise 
Voltage 

Input Relerred IN Rs = lOOn, I = 1kHz - 0.01 - - 0.01 - - 0.01 - pANHz 
Noise 
Current 

Supply Current IsuPPLY No Signal, No Load, - 0.1 0.25 - 0.1 0.25 - 0.1 0.25 rnA 
(per Amplifier) IQ = l00jIA 

Channel VOlN02 Ay = 100 - 120 - - 120 - - 120 - dB 
Separation 

Slew Rate SR Ay = 1, Cl = 100pF - 0.16 - - 0.16 - - 0.16 - VIlIS 
VIN = 8Vp-p, Ia = l00!JA. 
At. = 1001<0 

Rise TIme ~ VIN = SOmV, Cl = 100pF - 2 - - 2 - - 2 - lIS 
Ia = l00!JA. F\. = l00k0 

OvershOoi as VIN = SOmV, Cl = l00pF - 10 - - 10 - - 10 - % 
Factor Ia = l00!JA. Rl = l00k0 

NOTES: 

1 .. Long term offset voltage stability will be degraded if large Input differential voltages are applied lor long periods 01 time. 

2. The outputs may be shorted to ground or to either supply, lor V supp S 1 OV. Care must be taken to insure that the dissipation rating Is not 
exceeded. 

Electrical Specifications VSUPPlY = ±5.0V, TA= +250 C, Unless Otherwise Specified 

TEST 
ICL7641C,ICL7642C ICL7641E, ICL7642E 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RsS lookO ITA = +25"0 - - 10 - - 20 mV 

ITMIN S TA STMAX - - 15 - - 25 mV 

Temperature CoeffICient LlVotiLlT RsS lookO - 20 - - 30 - jJ.V?C 
olVos 

Input Offset Current los TA=+25°C - 0.5 30 - 0.5 30 pA 

OOC to +700C - - 300 - - 300 pA 

-55"0 to + 125°C - - 800 - 800 pA 

Input Bias Current ISlAS TA =+25°C - 1.0 50 - 1.0 SO pA 

OOCto +70oC - - SOO - - 500 pA 

-550C to +12SOC - - 4000 - - 4000 pA 

Common Mode Voltage VCMR IQ = 10jlA, ICL7642 ±4.4 - - ±4.4 - - V 
Range 

IQ = lrnA,ICL7641 ±3.7 - - ±3.7 - - V 
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Specifications ICL7621, ICL7641, ICL7642 

Electrical Specifications VSUPPLY = ±5.0V, T,,= +25°C, Unless Otherwise Specified (Continued) 

TEST 
M:L7641C,K:L7642C ICL7641E, ICL7642E 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage Swing VOUT ICL7642, T,,=+25oo ±4.9 - - ±4.9 - - V 
10 = 1011A, 

ooCt07ooC ±4.8 - - ±4.8 - - V At. .. lMO, 
-5500 to + 125°C ±4.7 - - ±4.7 - - V 

ICL7641, T,,=+25oo ±4.5 - - ±4.5 - - V 
10= 1 rnA, 

ooCt07ooC ±4.3 - - ±4.3 - - V RL= 10110, 
-5500 to +12SOC ±4.0 - - ±4.0 - - V 

Large Signal Voltage "-'oL ICL7642, T,,=+25oo 80 104 - 80 104 - dB 
Gain Vo =±4.0V, 

ooCto +7ooC 75 75 dB RL=lMO, - - - -
10 = 101lA -5500 to +12SOC 68 - - 68 - - dB 

ICL7641, T,,=+25oo 76 98 - 76 98 - dB 
Vo =±4.0V, 

ooCto +7ooC 72 - - 72 - - dB RL = 10k0, 
10= lrnA -5500 to +125OC 68 - - 68 - - dB 

Unity GaIn Bandwidth GBW ICL 7642, 10 = 101lA - 0.044 - - 0.044 - MHz 

ICL 7641,10 = lrnA - 1.4 - - 1.4 - MHz 

Input Resistance RtN - 1012 - - 1012 - ° 
Common Mode ReJec- CMRR ICL7642, Rs S 1001<0, 10 = 101lA 70 98 - 70 96 - dB 
tion Ratio 

ICL7641, Rs S 1001<0, 10 " 1 rnA 80 87 60 87 dB - -
Power SUpply Rejection PSRR ICL7642, Rs S 1001<0, 10 = 101lA 80 94 - 80 94 - dB 
Ratio 

ICL7641, Rs S 100110, 10 = lrnA 70 n 70 n dB VSUPPLY" ±8V to ±2V - -
Input Referred NOise lIN Rs= 1000, f= 1kHz - 100 - - 100 - nVNHz 
Vottage 

Input Referred Noise IN Rs" 1000, f= 1kHz - 0.01 - - 0.01 - pANHz 
Current 

Supply Current ISUPPlY No Signal, No ICL7642, - 0.01 0.03 - 0.01 0.03 rnA 
(per Amplifier) Load 10 = 101lA Low 

Bias 

ICL7641, - 1.0 2.5 - 1.0 2.5 rnA 
10= 1 rnA High 
Bias 

Channel Separation VOlN02 "'-1= 100 - 120 - - 120 - dB 

Slew Rate SR "'-1= 1, ICL7642, - 0.016 - - 0.016 - VljIB 
CL= loopF Ie = 10!JA, 
V1N =8Vp.p ~=lMO 

ICL7641, - 1.6 - - 1.6 - VljIB 
10=lmA, 
~=10k0 

Rise TIITI8 '" V1N =50mV, ICL7642, - 20 - - 20 - JIB 
CL= loopF Ie = 10!JA, 

At. = lMn 

ICL7641, - 0.9 - - 0.9 - JIB 
le=lrnA, 
At. = 10k0 
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Specifications ICL7621, ICL7641, ICL7642 

Electrical Specifications VSUPPLY = ±5.0V, TA= +25°C, Unless Otherwise Specified (Continued) 

TEST 
1CI..7641C,ICL7642C ICL7641E, ICL7642E 

PARAMETERS SYMBOL CONDmONS MIN TYP MAX MIN TYP MAX UNITS 

Overshoot Factor OS VIN =50mV, ICL7642, - 5 - - 5 - % 
CL= l00pF Ia = 10jJA. 

f\=lMO 

ICL7641, - 40 - - 40 - % 
Ia = lmA, 
f\=10k0 

NOTES: 

1. Long term offset voltage stability will be degraded If large Input differential voltages are applied for long periods of time. 

2. The outputs may be shorted to ground or to either supply, for Vsupp S 10V. Care must be taken to insure that the dissipation rating is not 
exceeded. 

Electrical Specifications VSUPPlY = ±1.0V,IQ = lallA, TA= +25"C, Unless Otherwise Specified 

TEST 
ICL7642C 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vas RsS l00k0 TA=+25°C - - 10 mV 

TMINSTASTMAl( - - 12 mV 

Temperature Coefficient of Vos I!NoF/AT RsS 100ka - 20 - IlVf'C 

Input Offset Current los TA=+25°C - 0.5 30 pA 

O"C to +70"C - - 300 pA 

Input Bias Current IBIAS TA= +25OC - 1.0 50 pA 

O"C to +70"C - - 500 pA 

Common Mode Voltage Range VeMR ±0.6 - - V 

Output Voltage SwIng VOUT f\=lMO TA=+25"C - ±D.96 - V 

O"C to 7O"C - ±D.96 - V 

Large Signal Voltage Gain AvoL Vo=±D·1V, TA = +25"C - 90 - dB 
RL=lMO 

O"C to +70"C - 80 - dB 

Unity Gain Bandwidth GBW - 0.044 - MHz 

Input Resistance RIN - 1012 - 0 

Common Mode Rejection Ratio CMRR RsS l00k0 - 80 - dB 

Power Supply Rejection Ratio PSRR - 80 - dB 

Input Referred Noise Voltage eN Rs = 1000. f = 1kHz - 100 - nVNHz 

Input Referred Noise Current IN Rs = 1000, f = 1kHz - 0.01 - pANHz 

Supply Current (Per Amplifier) ISUPPLY No Signal, No Load - 6 15 IIA 
Channel Separation VOlNIJ2 Ay= 100 - 120 - dB 

Slew Rate SR Ay = 1, CL = lOOpF, VIN = O.2Vp.p, - 0.016 - Vljl.S 

RL= lMO 

Rlsellme ~ VIN = 50mV, CL = l00pF RL = lMO - 20 - jl.S 

Overshoot Factor OS VIN = 5OmV, CL = l00pF, RL = lMO - 5 - % 
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Functional Diagram 

INPUT STAGE 
~ 

++ 

+INPUT y.. 

y+ 

SEniNO STAGE 

-INPUT >---:;t:""'W.--I-;::~-t-L, 

y-

TABLE OF JUMPERS 10 

ICL7621 C,E l0011A 

ICL7641 C,G lmA 

ICL7642 A,E 1011A 
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ICL7621, ICL7641, ICL7642 

Typical Performance Curves 
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ICL7621, ICL7641, ICL7642 

Typical Performance Curves (Condnued) 
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Typical Performance Curves (ConUnued) 
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Detailed Description 
Static Protection 

All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result in increased input 
leakage currents. 

Latchup Avoidance 

Junction-isolated CMOS .circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4-
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. In general, the op
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latch up. 

Choosing the Proper IQ 

Each device in the ICL76XX family has a similar 10 set-up 
scheme, which allows the amplifier to be set to nominal 
quiescent currents of 101lA. 100jJA or 1 mAo These current 
settings change only very slightly over the entire supply 
voltage range. The ICL7611112 have an external 10 control 
terminal, permitting user selection of each amplifiers' quies
cent current. The ICL7621 and ICL7641n642 have fixed Ie 
settings: 

ICL7621 (Dual) -10 = 100jJA 

ICL7641 (Quad) - 10 = 1 mA 

ICL7642 (Quad) -10 = 10jJA 

NOTE: The output current available is a function of the qui
escent current setting. For maximum pop output voltage 
swings into low impedance loads, 10 of 1 mA should be 
selected. 

Output Stage and Load Driving Considerations 

Each amplifiers' quiescent current flows primarily in the out
put stage. This is approximately 70% of the 10 settings. This 
allows output swings to almost the supply rails for output 
loads of 1 MQ, 100kn, and 10kn, using the output stage in a 
highly linear class A mode. In this mode, crossover distortion 
is avoided and the voltage gain is maximized. However, the 
output stage can also be operated in Class AB for higher 
output currents. (See graphs under Typical Operating Char
acteristiCS). During the transition from Class A to Class B 
operation, the output transfer characteristic is non-linear and 
the voltage gain decreases. 

Frequency Compensation 

The ICL76XX are internally compensated, and are stable for 
closed loop gains as low as unity with capacitive loads up to 
100pF. 

Operation At Vsupp • ±1.0V 

Operation at Vsupp .. ±1.0V is guaranteed for the ICL7642C 
only. 

Output swings to within a few millivolts of the supply rails are 
achievable for RL ~ 1Mn. Guaranteed input CMVR is ±O.6V 
minimum and typically +O.9V to -0.7V at Vsupp = ±1.0V. For 
applications where greater common mode range is 
desirable, refer to the ICL7612 data sheet. 

Applications 
The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 

Note that in no case is 10 shown. The value of 10 must be 
chosen by the designer with regard to frequency response 
and power dissipation. 

FIGURE 19. SIMPLE FOLLOWER 

FIGURE 20. LEVEL DETECTOR" 

• By using the ICL7612In this application, the circuit will follow rail to 
rail inpuls. 
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XlC>------- VOUT 

680kn 

WAVEFORM GENERATOR 

• Low leakage currents allow integration times up Ie several hours. SInce the output range swings exactly from rail Ie rail, frequency end 
duty cycle are virtuaUy independent of pa.ver supply variations. 

FIGURE 21. PHOTOCURRENT INTEGRATOR FIGURE 22. PRECISE TRIANGLE/SQUARE WAVE GENERATOR 

COMMON 

1 Mil 

TO 
SUCCEEDING 
INPUT 

>...rI-+.A,fY~+WH .... t-t STAGE 

+8V 

-BV 

FIGURE 23. AVERAGING AC TO DC CONVERTER FOR AID 
CONVERTERS SUCH AS ICL7106, ICL71 07, 
ICL7109, ICL7116, ICL7117 

FIGURE 24. BURN-IN AND UFE TEST CIRCUIT 
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, .' 
~---I~---! 

3601111 

0.2jlF 

6801111 100kn 

0.2"" , , , ., 
~---II---" 

1 MIl 

OUTPUT 

The low bias currents permit high resistance and low capac Hance values to be used to achieve low frequency cutoff. 
fc = 10Hz, AvCL = 4, Passband ripple = 0.1 dB 

·Note that small capacilers (25 - 5OpF) may be needed for stability In some cases. 

FIGURE 26. FIFTH ORDER CHEBYSHEV MULTIPLE FEEDBACK LOW PASS FILTER 
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Features 

• Guaranteed Max Input Offset Voltage for All Tempera
tura Ranges 

• Low Long-Term and Temperatura Drifts of Input Offset 
Voltage 

• Guaranteed Max Input Bias Currant •••••••••••• 10pA 

• Extremely Wide Common Mods Voltage Range: +3.5 to 
-oV 

• Reduced Supply Current ••••••••••••••••••••• 2mA 

• Guaranteed Minimum Output SourcefSlnk Current 

• Extremely High Gain ••••••••••••••••••••••• 150dB 

• Extremely High CMRR and PSRR ••••••••••••• 140dB 

• High Slaw Rate ••••••••••••••••••••••••••• 2.5V/~s 

• Wide Bandwidth ••••••••••••••••••••••••••• 2MHz 

• Unlty-Galn Compensated 

• Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Usa 

• Extremaly Low Chopping Spikes at Input and Output 

• Characterized Fully Over All Temperature Ranges 

• Improved, Direct Raplacement for Industry-Standard 
ICL7650 and other Second-Source Parts 

Pinouts (See Ordering Information on Next Page) 

ICL7650S 
(PDIP, SOIC) 
TOP VIEW 

CEXTA 8 8 CeXTa -IN 2 _ 7V+ 

+IN 3 . 6 OUTPUT 

Y. 4 .. 5 CAETN 

ICL7650S 
(TO-99CAN) 
TOP VIEW 

ICL7650S 
Super Chopper-Stabilized 

Operational Amplifier 

Description 
The ICL7650S Super Chopper-Stabilized Amplifier offers 
exceptionally low Input offset voltage and is extremely stable 
with respect to time and temperature. It is a direct replace
ment for the industry-standard ICL7650 offering Improved 
input offset voltage, lower input offset voltage temperature 
coefficient, reduced input bias current, and wider common 
mode voltage range. All improvements are highlighted in 
bold Italics in the Electrical Characteristics section. Critical 
parameters are guaranteed over the entire commercial, 
Industrial and military temperature ranges. 

Harris' unique CMOS chopper-stabilized amplifier circuitry is 
user-transparent, virtually eliminating the traditional chopper 
amplifier problems of intermodulation effects, chopping 
spikes, and overrange lock-Up. 

The chopper amplifier achieves its low offset by comparing 
the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external 
capacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry is 
entirely self-contained. However the 14-lead version 
includes a provision for the use of an external clock, if 
required for a particular application. In addition, the 
ICL7650S is internally compensated for unity-gain operation. 

ICL7650S 
(PDIP, CDIP, SOIC) 

TOP VIEW 

CEXTB 1 

NC(GUARD) 3 

+IN 

NC(GUARD) 6 

4 INTIEi'i' 

3 EXTCLKIN 

2 INT CLK OUT 

9 OUTCLAMP 

CAUTION: These devices are sansRiva to electrostatic discharge. Usars should follow proper I.C. Handling Procedures. File Number 2920.1 
Copyright @ Harris COrporation 1993 

2-694 



ICL7650S 

Ordering Information 

TEMPERATURE 
PART NUMBER RANGE PACKAGE 

ICL7650SCPA-1 O"C to +7O"C 8 Lead Plastic DIP 

ICL7650SCBD O"C to +7O"C 14 Lead SOIC 

ICL7650SCPD O"C to +7O"C 14 Lead Plastic DIP 

ICL7650SCBA-1 O"C to +7O"C 8 Lead SOIC 

ICL7650SClV-1 O"C to +7O"C 8 Pin T0-99 Can 

ICL7650SIPA-1 -2500 to +85°C 8 Lead Plastic DIP 

Functional Diagram 

INTIEXTBA 

EXT CLK IN OSC : 

CLKOUT C 

INTERNAL I rr 
~-li ::O-.----------------I;~ OUWUT 

1(~ ~~ C~. -I~N 
A ~~~ I~~ ® ~ Il{,o.-CLAMP 

L-1-v'1 r. T B I 
CAP RETURN ~ t CeXTA T CElllB 

TEMPERATURE 
PART NUMBER RANGE PACKAGE 

ICL7650SIPD -2500 to +85°C 14 Lead Plastic DIP 

ICL7650SIJD -2500 to +85"C 14 Lead Ceramic DIP 

ICL7650SllV-1 -25°C to +85OC 8 Pin T0-99 Can 

ICL7650SMJD -55°C to +125"0 14 Lead Ceramic DIP 

ICL7650SMlV-1 -55°C to +125OC 8 Pin T0-99 Can 

~EXTCLKIN 

.. ' __ ...... r'--- A_ CLK OUT 

___ ... ' , A 

~B 

___ ... r-l C 
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Specifications ICL7650S 

Absolute Maximum Ratings 
Supply Voltage (V+ to V-) .............................. 18V 
Input Voltage ••••••••••••••••••••••••••• (V+ +0.3) to (V- -0.3) 
Voltage on Oscillator Control Pins .................... V+ to V-
Duration of Output Short Circuit ••••••••••••••••••••• Indefinite 
Current to Any Pin •••••••••••••••••••••••••••••••••• 10mA 

While Operating (Note 1) .......................... lOO11A 
Continuous Total Power DIssipation (T ... = +25"C) 

Ceramic Package ............................... 500mW 
Plastic Package ................................. :rT5mW 
TO-99 Can .................................... 250mW 

Junction Temperature .............................. + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +1 SOOC 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3oooC 

Operating Conditions 
Operating Temperature Range 

ICL7850SC ............................ ooC S T ... S +7ooC 
ICL7850SI ............................ -25"C S T ... S +85°C 
ICL7650SM .......................... -55"C S T ... S +1250C 

Storage Temperature Range ••••••••••••••• _55°C S T ... S +1 SOOC 

CAUTION: Stresses abow /hose listed In "Absolute MBXimum Ratings" may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other conditions abow those indicated in the operational sections of this specification Is not ImpHed. 

Electrical Specifications V+ = +5V, V- = -5V, T ... = +25°C, See Test Circuit, Unless Otherwise Specified 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage (Note 2) Vas T ... = +25"C - to.T t5 J,lV 

OOC S T ... S +7ooC - ±1 ±S J,lV 

-25°C S T ... S +85°C - ±2 ±to J,lV 

-55°C S T ... S +125°C - t4 ±20 J,lV 

Average Temperature Coefficient of 1 AVDIIAT OOC S T ... S +70"C " 0.02 - J,lVf'C 
nput OffsBt Voltage (Note 2) 

-25°C S T.., S +85°C - 0.02 - J,lVJOC 

-55"C S T.., S +125"C - 0.03 0.1 J,lVJOC 

Change in Input Offset with Time AVoflAT - 100 - nVNmonth 

Input Bias Current 11(+)1, 11(-)1 IBIAB T..,=+25OC - 4 10 pA 

OOC S T..,s +700C - 5 20 pA 

-25°C S T ... S +85°C - 20 50 pA 

-55°C S T.., S +125°C - 20 50 pA 

+850C ST..,S +125OC - tOO 500 pA 

Input Offset Currentll(-),II(+)I los T..,=+25°C - S 20 pA 

O"C S T.., S +7O"C - to 40 pA 

-25°C S T ... S +85°C - 20 40 pA 

-55°C S T..,S +125"C - 20 40 pA 

+85"C S T.., S +125"C - 20 50 pA 

Input Resistance FljN 1012 n 
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Specifications ICL7650S 

Electrical Specifications v+ = +5V, v- = -5V, TA = +25°C, See Test Circuit, Unless Otherwise Specified (Continued) 

LlMrrs 

PARAMETER SYMBOL TEST CONDrrJONS MIN TYP MAX UNrrs 

Large Signal Voltage Gain (Note 2) Aw)L Rl = 10kn, Va = ±4V, 135 150 - dB 
T,,=+25OC 

ooC S T" S +7ooC 130 - - dB 

-25°C S T" S +85OC 130 - - dB 

-55°C S T" S +125°C 120 - - dB 

Output Voltage Swing (Note 3) VOUT Rl = 10kn ±4.7 ±4.85 - V 

Rl = 100kn - ±4.95 - V 

Common Mode Voltage Range (Note 2) CMVR T,,=+25°C -5 -5.2 to +4 +3.5 V 

ooC S TA S +7000 -5 - +3.5 V 

-25°C S TA S +8500 -5 - +3.5 V 

-55°C S TA S +125°C -5 - +3.5 V 

Common Mode Rejection Ratio CMRR CMVR = -5V to +3.5V 120 140 - dB 
(Note 2) TA=+25OC 

OOC S T" S +7OOC 120 - - dB 

-25°C S TA S +85°C 115 - - dB 

-55°C S TA S +125OC 110 - - dB 

Power Supply Rejection Ratio PSRR V+, V- = ±3V to ±8V 120 140 - dB 

Input Noise Voltage lIN Rs= 1000, - 2 - IlVp.p 
f=DCto10Hz 

Input Noise Current iN f = 10Hz - 0.Q1 - pANRZ 

Gain Bandwidth Product GBW - 2 - MHz 

Slew Rate SR Cl = 5OpF, Rl = 10kn - 2.5 - V/IlS 

Rise Time ~ - 0.2 - ItS 

OVershoot OS - 20 - % 

Operating Supply Range V+ to V- 4.5 - 16 V 

Supply Current Isupp No Load, T" = +25OC - 2 3 rnA 

ODC STAS +700 C - - 3.2 rnA 

-25°C S TA S +85°C - - 3.5 rnA 

-55°C S TA S +12500 - - 4 rnA 

2-697 



Specifications ICL7650S 

Electrical Specifications V+ = +5V, v- = -SV, TA = +250C, See Test Circuit, Unless Otherwise Specified (Continued) 

LIMITS 

PARAMETER SYMBOL TEST CONDmONS MIN TYP MAX UNITS 

Output Source Current 10 SOURCE TA-+25OO 2.9 4.5 rnA 

O"C S TA S +7O"C 2.3 rnA 

·25°C S TA S +85°C 2.2 rnA 

·55°C S TA S +12500 2 rnA 

Output Sink Current 10 SINK TA=+25OO 25 30 rnA 

O"C S TA S +7O"C 20 rnA 

·25"C S TA S +85°C 19 rnA 

·55"C S TA S +12500 17 rnA 

Intemal Chopping Frequency fCII Pins 13 and 14 Open 120 250 375 Hz 

Clamp ON Current (Note 4) RL = 1001<0, TA = +25°C 25 70 

Clamp OFF Current (Note 4) -4V S VOUT S +4V, 0.001 5 nA 
TA=+25OO 

000 S TA S +7O"C 10 nA 

·25"C S TA S +85°C 10 nA 

·55°C S TA S +12500 15 nA 

NOTES: 

1. limiting Input current to 10011A Is recommended to avoid latchup problems. Typically 1 rnA Is safe, however this Is not guaranteed. 

2. These parameters are guaranteed by design and characterization, but not tested at temperature extremes because thermocouple effects 
prevent precise measurement of these voltages In automatic test equipment 

3. OUTPUT CLAMP not connected. See typical characteristic curves for output swing VB clamp current characteristics. 

4. See OUTPUT CLAMP under detailed description. 

5. AU significant improvements over the Industry-standard ICL7650 are highUghted in bold Italics. 

Test Circuit 

R2 
1Mn 
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ICL7650S 

Typical Performance Curves 
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ICL7650S 

Typical Performance Curves (COntinued) 
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Typical Performance Curves (Continued) 
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ICL7650S 

Detailed Description 
Amplifier 

The functional diagram shows the major elements of the 
ICl765OS. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier Is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are inherently high impedance, and two 
external capacitors provide the required storage of the null
ing potentials and the necessary nulling-loop time constants. 
The nulling arrangement operates over the full common
mode and power-supply ranges, and is also independent of 
the output level, thus giving exceptionally high CMRR, 
PSRR, and AvoL' 
Careful balancing of the input switches, and the inherent bal
ance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the feed 
forward-type injection into the compensation capaCitor, 
which is the main cause of output spikes in this type of 
circuit. 

Intermodulatlon 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and phase 
vs. frequency characteristics near the chopping frequency. 
These effects are substantially reduced in the ICl7650S by 
feeding the nulling circuit with a dynamic current, corre
sponding to the compensation capacitor current, in such a 
way as to cancel that portion of the input signal due to finite 
AC gain. Since that is the major error contribution to the 
ICl7650S, the intermodulation and gain/phase disturbances 
are held to very low values, and can generally be ignored. 

Capacitor Connection 

The nulVstorage capaCitors should be connected to the 
CEXTA and CEXTe pins, with a common connection to the 
CRETN pin. This connection should be made directly by 
either a separate wire or PC trace to avoid injecting load 
current IR drops into the capacitive circuitry. The outside foil, 
where available, should be connected to CRETN. 

Output Clamp 

The OUTPUT CLAMP pin allows reduction of the overload 
recovery time inherent with chopper-stabilized amplifiers. 
When tied to the inverting input pin, or summing junction, a 
current path between this point and the OUTPUT pin occurs 
just before the device output saturates. Thus uncontrolled 
input differentials are avoided, together with the consequent 
charge build-up on the correction-storage capacitors. The 
output swing is slightly reduced. 

Clock 

The ICl7650S has an internal oscillator, giving a chopping 
frequency of 200Hz, available at the CLOCK OUT pin on the 
14 pin devices. Provision has also been made for the use of 
an external clock in these parts. The INT/EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V- to 
disable the internal clock. The external clock signal may then 
be applied to the EXT CLOCK IN pin. An internal divide-by
two provides the desired 50% input switching duty cycle. 
Since the capacitors are charged only when EXT CLOCK IN 
is high, a 50% - 80% positive duty cycle is recommended, 
especially for higher frequencies. The external clock can 
swing between V+ and V-. The logic threshold will be at 
about 2.5V below V+. Note also that a signal of about 400 
Hz, with a 70% duty cycle, will be present at the EXT 
CLOCK IN pin with INT/OO high or open. This is the 
internal clock signal before being fed to the divider. 

In those applications where a strobe signal is available, an 
alternate approach to avoid capacitor misbalancing during 
overload can be used. If a strobe signal is connected to EXT 
ClK IN so that it is low during the time that the overload 
signal is applied to the amplifier, neither capacitor will be 
charged. Since the leakage at the capacitor pins is quite low 
at room temperature, the typical amplifier will drift less than 
10llVisec, and relatively long measurements can be made 
with little change in offset. 

Brief Application Notes 
Component Selection 

The two required capacitors, CEXTA and CEXTB' have 
optimum values depending on the clock or chopping 
frequency. For the preset internal clock, the correct value is 
0.11lF. and to maintain the same relationship between the 
chopping frequency and the nulling time constant this value 
should be scaled approximately in proportion if an external 
clock is used. A high quality film type capacitor such as 
mylar is preferred, although a ceramic or other lower-grade 
capacitor may prove suitable in many applications. For 
quickest settling on initial turn-on. low dielectric absorption 
capacitors (such as polypropylene) should be used. With 
ceramic capacitors. several seconds may be required to 
settle to 11lV. 

Static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided. as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 
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ICL7650S 

R1 R2 
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L£1Hoomn 
INVERllNG AMPLIFIER 

R2 

ffl1~~ 
- INPUT 

R1 R2 
NOTE: R1 +R2 

SHOULD BE LCIN 
IMPEDANCE FOR 
OPTIMUM GUARDING 

NON-INVERTING AMPUFIER 

~OUTPUT 
INPUT~ 

FOLLOWER 

EXTERNAL 

v+ C7\aTORS 

OUTPUT, -"'7 , ,; 

-~~~ 
Yo GUARD 

BOARD LAYOUT FOR INPUT BOTTOM VIEW 
GUARDING WITH T()"99 PACKAGE 

FIGURE 16_ CONNECTION OF INPUT GUARDS 

Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCA. Under certain circumstances this Junction 
may be triggered into a low-impedance state, resulting in 
excessive supply current. To avoid this condition, no voltage 
greater than 0.3V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be 
established either at the same time or belore any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1mA to avoid latchup, 
even under fault conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximately 
18k.Q), and therelore with loads less than this value, the 
chopper amplifier behaves in some ways like a transconduc
tance amplifier whose open-loop gain is proportional to load 
resistance. For example, the open-loop gain will be 17dB 
lower with a 1 k.Q load than with a 10ka load. If the amplifier 
is used strictly lor DC, this lower gain Is of little conse
quence, since the DC gain is typically greater than 120dB 
even with a 1 ka load. However, for wideband applications, 
the best frequency response will be achieved with a load 
resistor of 10ka or higher. This will result in a smooth 6dB! 
octave response from 0.1 Hz to 2MHz, with phase shifts of 
less than 10° in the transition region where the main ampli
fier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limil&tions to ultra-high precision DC amplifiers 
are the thermo-electric or Peltier effects arising in thermo
couple junctions of dissimilar metals, alloys, Silicon, etc. 
Unless all junctions are at the same temperature, thermo
electric voltages typically around 0.11l V fOe, but up to tens of 

mVtoc lor some materials, will be generated. In order to 
realize the extremely low offset voltages that the chopper 
amplifier can provide, It is essential to take special precau
tions to avoid temperature gradients. All components should 
be enclosed to eliminate air movement, especially that 
caused by power-dissipating elements in the system. Low 
thermoelectric-efficient connections should be used where 
possible and power supply voltages and power dissipation 
should be kept to a minimum. High-impedance loads are 
preferable, and good separation from surrounding heat
dissipating elements is advisable. 

Guarding 

Extra care must be taken in the assembly of printed circuit 
boards to take full advantage of the low input currents of the 
ICL765OS. Boards must be thoroughly cleaned with TCE or 
alcohol and blown dry with compressed air. After cleaning, 
the boards should be coated with epoxy or silicone rubber to 
prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This 
leakage can be significantly reduced by using guarding to 
lower the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8 pin TO-99 package Is 
accomplished by using a 10 lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to a 
low impecl8nce point that is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 
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ICL7650S 

The pin configuration of the 14 pin dual in-line package is 
designed to facilitate guarding. since the pins adjacent to the 
inputs are not used (this is different from the standard 741 and 
101A pin configuration. but corresponds to that of the LMl08). 

Pin Compatibility 

The basic pinout of the 8 pin device corresponds. where 
possible. to that of the industry standard B pin devices. the 
LM741. LMl0l. etc. The null-storing external capacitors are 
connected to pins 1 and B. usually used for offset null or 
compensation capacitors. or simply not connected. In the 
case of the OP-OS and OP-07 devices, the replacement of the 
offset-null pot. connected between pins 1 and B and V+, by 
two capacitors from those pins to pin 5. will provide easy 
compatibility. As for the LMl08. replacement of the compen
sation capaCitor between pins 1 and B by the two capacitors to 
pin 5 is all that is necessary. The same operation. with the 
removal of any connection to pin 5, will suffice for the LM101. 
j.tA748. and similar parts. 

The 14 pin device pinout corresponds most closely to that of 
the LM10B device. owing to the provision of "Ne" pins for 
guarding between the input and all other pins. Since this 
device does not use any of the extra pins. and has no 
provision for offset-nulling. but requires a compensation 
capacitor. some changes will be required in layout to convert 
it to the ICL7650S. 

Typical Applications 

Clearly the applications of the ICL7650S will mirror those of 
other op-amps. Anywhere that the performance of a circuit 
can be significantly improved by a reduction of input-offset 
voltage and bias current. the ICL7650S is the logical choice. 
Basic non-inverting and inverting amplifier circuits are shown 
in Figures 17 and 1B. Both circuits can use the output clamp
ing circuit to enhance the overload recovery performance. 
The only limitations on the replacement of other op amps by 
the ICL7650S are the supply voltage (±BV max.) and the out
put drive capability (10kn load for full swing). Even these 
limitations can be overcome using a simple booster circuit, 
as shown in Figure 19. to enable the full output capabilities 
of the LM741 (or any other standard device) to be combined 
with the input capabilities of the ICL7650S. The pair form a 
composite device, so loop gain stability. when the feedback 
network is added. should be watched carefully. 

INPUT 
OUTPUT 

Ra + (Rl11R21 ~ 1 DOlin 
FOR FULL CLAMP EFFECT 

FIGURE 17. NON INVERTING AMPLIFIER WITH OPTIONAL 
CLAMP 

NOTE: Rll1R2lndlcates the parallel combination of Rt and R2. 

Figure 20 shows the use of the clamp circuit to advantage in 
a zero-offset comparator. The usual problems in using a 
chopper stabilized amplifier in this application are avoided. 
since the clamp circuit forces the inverting input to follow the 
input Signal. The threshold input must tolerate the output 
clamp current - VIWR without disturbing other portions of the 
system. 

OUTPUT 

(R111R:!1 ~ 1 DOlin 
FOR FULL CLAMP EFFECT 

FIGURE lB. INVERTING AMPLIFIER WITH (OPTIONAL) CLAMP 

NOTE: RIIIR2lndlcates the parallel combination of Rt and R2. 

Normal logarithmic amplifiers are limited in dynamic range in 
the voltage-input mode by their input-offset voltage. The 
built-in temperature compensation and convenience features 
of the ICLB048 can be extended to a voltage-input dynamic 
range of close to 6 decades by using the ICL7650S to offset
null the ICL804B. as shown in Figure 21. The same concept 
can also be used with such devices as the HA2500 9r 
HA2600 families of op-amps to add very low offset IIOltage 
capability to their very high slew rates and bandwidths. Note 
that these circuits will also have their DC gains. CMRR. and 
PSRR enhanced. 

CLAMP 

OUT 

FIGURE 19. USING 741 TO BOOST OUTPUT DRIVE CAPACITY 

R 
L..-_-..J"fofv-< VTH 

2001ln-2Mn 

FIGURE 20. LOW OFFSET COMPARATOR 
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FIGURE 21. 1CL8048 OFFSET NULLED BY ICL7650S 

NOTE: For further Applications AssIstance. see A053 and R017. 
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....----- Operational Amplifiers Glossary of Terms ----, 

AVERAGE INPUT OFFSET CURRENT DRIFT - The aver
age change in offset current between room (+250 C) and high 
temperature (+125°C, +85OC or +75OC) or between room 
temperature and· low temperature (OOC, -25°C or -55°C) 
divided by the temperature difference. 

AVERAGE OFFSET VOLTAGE DRIFT - The average 
change In offset IIOltage between room (+250C) and high 
temperature (+125°C, +85OC or +75OC) or between room 
temperature and low temperature (OOC, -25°C or -55°C) 
divided by the temperature difference. 

CHANNEL SEPARAnON - The ratio of the output of a 
driven amplifier to the output (referred to Input) of an 
adjacent undriven amplifier. . 

COMMON MODE INPUT VOLTAGE (Vae) - The average of 
the IIOltages present at the differential Input terminals. 

COMMON MODE INPUT VOLTAGE RANGE (VICR> - The 
range of voltage that if exceeded at either input terminal will 
cause the amplifier to cease operating properly. 

COMMON MODE REJECTION RATIO (CMRR) - The ratio 
of change in Input offset voltage to change in input common 
mode IIOltage. expressed in dB. 

CMRR = 20XIog10[:~~ 
COMMON MODE RESISTANCE (rae) - The ratio of change 
in Input common mode voltage to the resulting change in 
Input current. 

DIFFERENTIAL INPUT RESISTANCE (riD) - The ratio of 
change In input differential voltage (small Signal, assumes 
amplifier operating linearly) to the resulting change in 
differential input current. 

FULL POWER BANDWIDTH (FPBW) - The maximum 
frequency at which a full scale undislorted (THO < 1%) sine 
wave can be obtained at the output of the amplifier. 

GAIN BANDWIDTH (GBW) - The open loop gain of an op 
amp (in VN) at a mid-band, linear region frequency (usually 
between 1kHz and 10kHz) times that frequency (in Hz). 
GBW = !Avot,.l • f. 
INPUT BIAS CURRENT (ISlAS> - The average of the 
currents flowing into or out of the input terminals when the 
output is at zero volts. 

INPUT CAPACITANCE (CIN) - The equivalent capacitance 
seen looking into either input terminal. 

INPUT NOISE CURRENT (IN) - The Input noise current that 
would reproduce the noise seen at the output If all amplifier 
noise sources were set to zero and the source impedances 
were large compared to the optimum source impedance. 

INPUT OFFSET CURRENT (los) - The difference in the 
currents flowing into the two input terminals when the output 
Is at zero volts. 

INPUT OFFSET VOLTAGE (VIa> - The differential DC volt
age required to zero the output IIOltage with no input signal 
or load. Input offset IIOltage may also be defined for the case 
where two equal resistances are Inserted in series with the 
input leads. 

INPUT NOISE VOLTAGE (eN) - The Input noise IIOltage that 
would reproduce the noise seen at the output if all the ampli
fier noise sources and source resistarlCes were set to zero. 

LARGE SIGNAL VOLTAGE GAIN (Ay) - The ratio of the 
peak to peak output IIOltage swing (over a specified range) to 
the change in input IIOltage required to drive the output. 

OUTPut CURRENT (lOUT) - The output current available 
from the amplifier at some specified output voltage. 

OUTPUT RESISTANCE (RO) - The ratio of the change in 
output voltage to the change in output current. 

OUTPUT SHORT CIRCUIT CURRENT (ISC> - The output 
current available from the amplifier with the output shorted to 
ground (or other specified potential). 

OUTPUT VOLTAGE SWING (VOUT) - The maximum output 
IIOltage swing, referred to ground, that can be obtained 
under specified loading conditions. 

OVERSHOOT - Peak excursion above final value of an out
put step response. 

POWER SUPPLY REJECTION RATIO (PSRR) - The ratio of 
the change in input offset voltage to the change in power 
supply IIOltage producing it. 

RISE nME (tRl - The time required for an output IIOltage 
step to change from 10% to 90% of its final value, when the 
Input is subjected to a small signal voltage pulse. 

SETTUNG TIME (!sET) - The time required, after application 
of a step input signal, for the output IIOltage to settle and 
remain within a specified error band around the final value. 

SLEW RATE (SR) - The rate of change of the output under 
large Signal conditions. Slew rate may be specified 
separately for both positive and negative going changes. 

SUPPLY CURRENT (IS> - The current required from the 
power supply to operate the amplifier with no load and the 
output at zero volts. 

SUPPLY VOLTAGE RANGE - The range of power supply 
voltage over which the amplifier may be safely operated. 

UNITY GAIN BANDWIDTH - The frequency range from DC to 
that frequency where the amplifiers open loop gain is unity. 
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Selection Guide 

COMPARATORS. 
General Purpose Electrical Characteristics, TA = +250C 

VIO I, 1+ AoL LEAD COUNT 
MAX MAX MAX MAX MIN RESPONSE AND PACKAGE 

TYPE (my) (nA) (mA) V+.V· (dB) TIME TYPE" COMMENTS 

SINGLE UNIT TYPE 

·CA3098 15 100 0.8 ±8 · 900ns 8E Dual input level 
detector with 
Schmitt Trigger 

DUAL UNIT TYPES 

CA3290 20 50pA 3 ±18 88 tR = 1.2115. 8E. 8S. BT. 14E1 
tR = 200ns 

8E. 8S. BT. 14E1 CA3290A 10 40pA 3 ±18 88 

QUAD UNIT TYPES 

CA139 5 100 8 ±18 · tR = 1.3115. 14E 
tR=750ns 

CA139A 2 100 8 ±18 94 14E 

CA239 5 250 2 ±18 · 14E 

CA239A 2 250 2 ±18 94 14E 

CA339 5 250 2 ±18 94 14E 

CA339A 2 250 2 ±18 94 14E 

LEAD COUNT 
VIO 110 RESPONSE AND PACKAGE 

TYPE (mV) (nA) TIME TYPE" COMMENTS 

HA-4900 2 10 130ns 16 Single or dual supply. Analog and logic supplies 
separated for easier Interface and noise immunity. 

HA-4902 2 10 130ns 16 

HA-4905 4 25 130ns 16 

• See Packaging Information in Section 11. 

ULTRA HIGH SPEED COMPARATORS 

LARGE SIGNAL 
PROPAGATION TRACKING VOLTAGE 

DELAY BANDWIDTH VIO GAIN 
TYPE (ns) (MHz) (my) (VN) COMMENTS 

HFA-oD03 2.0 270 1 3100 Direct Output Version 

HFA-DOO3L 2.1 270 1 3100 Latched output version with user 
Programmable Hysteresis Control 
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CA 139, CA239 
CA339, LM339* 

March 1993 

Quad Voltage Comparators for Industrial, 
Commercial and Military Applications 

Features 

• Operation from Single or Dual Supplies 

• Common Mode Input voltage Range to GND 

• Output Voltage Compatible with TTl, DTl, ECl, MOS 
and CMOS 

• Differential Input Voltage Range Equal to the Supply 
Voltage 

• Maximum Input Offset Voltage (VIO) 

- CA139A, CA239A, CA339A •..•••••••••••••• 2mV 

- CA139, CA239, CA339 ••••••••••••••••••••• 5mV 

• Replacement for Industry Types 139, 239, 339, 139A, 
239A,339A 

Applications 

• Square Wave Generator 

• Time Delay Generators 

• Pulse Generators 

• Multlvlbrators 

• High Voltage Digital logic Gates 

• AID Converters 

• MOS Clock Timers 

Pinout 
CA139, CA139A, CA239, CA239A, CA339 (PDIP, CDIP, SOIC) 

CA339A (PDIP SOIC) 
LM339, LM339A (PDIP) 

TOP VIEW 

OUTPUT2 1 OUTPUT 3 

OUTPUT 4 

GND 

NEG. INPUT 1 4 POS.INPUT4 

POs. INPUT 1 5 NEG. INPUT 4 

NEG. INPUT 2 6 II POS. INPUT 3 

pos. INPUT 2 7 8 NEG. INPUT 3 

Description 

The CA 139, CA239, CA339, CA 139A, CA239A, and 
CA339A types consist of four independent single or dual 
supply voltage comparators on a single monolithic substrate. 
The common mode input voltage range includes ground 
even when operated from a single supply, and the low power 
supply current drain makes these comparators suitable for 
battery operation. These types were designed to directly 
interface with TTL and CMOS. 

Types CA139A, CA239A, and CA339A have all the features 
and characteristics of their prototype counterparts CA139, 
CA239, and CA339 plus an even lower input offset voltage 
characteristic. These devices are supplied in a 14 lead Small 
Outline package (M suffix), in a 14 lead dual-in-Iine plastic 
package (E suffix) and in a 14 lead dual-in-Iine hermetic (frit 
seal) ceramic package (F suffix). The CA339 is also 
available in chip form (H suffix). 

*Technical data on lM339 is identical to CA339. 

Schematic Diagram 

v+ 

~ 
~ 

COMPARATOR NO 1 

~1+ _ 4 13 
10 
~ 
~ 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 795.1 
Copyright @Harris Corporation 1993 
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Specifications CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 

Absolute Maximum Ratings Operating Conditions 
Supply Voltage •.••••.•.•...•.•.•..••...•...•• 36V or ±18V 
DifferenHallnput Voltage .••...•••.•••••••..••.••••••••• 36V 
Input Voltage ••••••••••••.•••.•••..•.•.•••.•. -Q.3V to +36V 
Input Current (VI < -0.3V) Nota 4 .•••.•.••.••.•.•..•.••. SOmA 
Output Short Circuit Duration (Single Supply) Note 5 •• Continuous 
Junction Temperature. • • • • . . • • • • . • • . . . . . . • . • . . . . . . . + 175°C 
Junction Temperature (Plastic Package) •.•..••..•••... +loooC 
Lead Temperature (Soldaring 10 Sec.) •...••.••••.•.••. +3oooC 

Operating Temperature Range ...••..•..•.•... -55"0 to + 125°C 
Storage Temperature Range •.•••.•.•••••..•.. -65°C to + lSOOC 
Thermal Package Characteristics fC/W) . . 9JA 9JC 

Ceramic DIP Package............... 71 14 
Plastic DiP Package • • . . • • • . . • • . . • • . 107 38 
SOIC Package. . • • . • • • . • • • • . • • . . . . . 119 36 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" msy cause permanent damsge to the davice. This is a stress only rating and operation 
of the device al these or any other conditions above those indicated In the operational sections of this specification is not Implied. 

Electrical Specifications v+ = 5V, Unless OthelWise Specified 

LIMITS 

CA139 CA139A 

PARAMETER SYMBOL CONDITION MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO VREF = 1.4V, Rs = 0, TA = +25°C - 2 5 - I 2 mV 
Output Switch Point 

Note 1 - - 9 - - 4 mV Vsl.4V 

Differential Input Voltage VIO Keep All Inputs ~ OV for V- (if used), - - 36 - - 36 V 
Notes 1,2 

Saturation Voltage VSAT Vr = IV, VI+ = OV, TA= +25OC - 250 400 - 250 400 mV 
ISINKS4mA 

Note 1 - - 700 - - 700 mV 

Common Mode Input VICR Note 3 TA=+25OC 0 - V+- 0 - V+- V 
Voltage Range 1.5 1.5 

Note 1 0 - V+-2 0 - V+-2 V 

Input Offset Current 110 II+-Ir TA =+25°C - 3 25 - 3 25 nA 

Note 1 - - 100 - - 100 nA 

Input Bias Current liB 11+ or II- with Output in TA =+25OC - 25 100 - 25 100 nA 
Linear Range 

Note 1 - - 300 - - 300 nA 

Total Supply Current 1+ RL = 00 on All Comparators, - 0.8 2 - 0.8 2 mA 
TA=+25°C 

Output Leakage Current VI+ ~ IV, VI- = OV, TA=+25°C - 0.1 - - 0.1 - nA 
Vo=5V 

VI+ ~ IV, VI- = OV, Note 1 - - I - - I IIA 
Vo=30V 

Output Sink Current VI" <!: IV, VI+ = OV, Vo S 1.5V, 6 16 - 6 16 - mA 
TA=+25°C 

Voltage Gain AoL RL<!: 15kn, V+ = 15V, TA = +25OC - 200 - 50 200 - VlmV 

Large Signal Response VI = TTL Logic Swing, VREF = 1.4V, - 300 - - 300 - ns 
Time VRL = 5V, RL = 5.1 kn, TA = +25°C 

Response Time VRL = 5V, RL = 5.1kn, TA = +25OC - 1.3 - - 1.3 - lIS 
(Figures 3 and 4) 

Electrical Specifications v+ = 5V, Unless OthelWise Specified 

LIMITS 

CA239, CA339 CA239A, CA339A 

PARAMETER SYMBOL CONDITION MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage VIO VREF = 1.4V, Rs = 0, TA = +25OC - 2 5 - I 2 mV 
Output Switch Point 

Note 1 - - 9 - - 4 mV 
Vsl.4V 
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Specifications CA 139, CA 139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 

Electrical Specifications v+ = 5V, Unless Otherwise Specified (Continued) 

LIMITS 

CA239, CA339 CA239A,CA339A 

PARAMETER SYMBOL CONDITION MIN TVP! MAX MIN TYP MAX UNITS 

Differential Input Voltage VIO Keep Allinpuls;' OV for V- (if used), - - 36 - - 36 V 
Notes 1,2 

Saturation Voltage VSAl VI- = IV, VI+ = OV, TA = +25"0 - 250 400 - 250 400 mV 
ISINK S4rnA Note 1 - - 700 - - 700 mV 

Common Mode Input VICR Note 3 TA=+25°C 0 - V+- 0 - V+- V 
Voltage Range 1.5 1.5 

Note 1 0 - V+-2 0 - V+-2 V 

Input Offset CUrrent 110 11+ -II- TA = +25"0 - 5 50 - 5 50 nA 

Note 1 - - 150 - - 150 nA 

Input Bias Current liB 11+ or II- with Output In TA = +25"0 - 25 250 - 25 250 nA 
UnearRange Nota 1 - - 400 - - 400 nA 

Total Supply Current 1+ RL = - on All Comparators, - 0.8 2 - 0.8 2 rnA 
TA= +25°C 

Output Leakage Current VI+;, IV, VI- = OV, TA = +25"0 - 0.1 - - 0.1 - nA 
Vo=5V 

VI+;, IV, VI- = OV, Note 1 - - I - - I jiA 
Vo=30V 

Output Sink Current VI-;, IV, VI+ = OV, Vo S 1.5V, 6 16 - 6 16 - rnA 
TA=+25°C 

Voltage Gain AoL RL;, 15kn, V+ = 15V, TA = +2SOC - 200 - 50 200 - VlmV 

Large Signal Response VI = TTL Logic Swing, VREF = 1.4V, - 300 - - 300 - ns 
Time VRL = 5V, RL = 5.1kn, TA = +25OC 

Response Time VRL = 5V, RL =5.1kn, TA = +25°C - 1.3 - - 1.3 - lIS 
(Figures 3 and 4) 

NOTES: 
1. Ambient Temperature (TAl applicable over operating temperature range as shown below. 

CA139, CAI39A = -55°C to +125°C; CA239, CA239A = -25"0 to +85"0; CA339, CA339A = ooC to +700C 
2. The comparator will provide a proper output state even If the positive swing of the inpuls exceeds the power supply voltage level, if the 

other input remains within the common mode voltage range. The low input voltage stata must not be less than 4J.3V (or 0.3V below the 
magnitude of the negative power supply, if used). 

3. The upper end of the common mode voltage range is (V+) -1.5V, but either or both Inpuls can go to +3OV without damage. 
4. Inpuls must not go more negative than 4J.3V. 
5. Short clrcuils from the output to V+ can cause excessive heating and eventual destruction. The maximum output current Independent of 

V + is approxlmately 20mA. 

Metallization Mask Layout 

54 

40-

30-

20-

51-51 
(1.215 - 1.498) 

1 
3-5 

NOTE: Dimensions in parenthe
ses are in mm and are derived 
from the basic In. dimensions as 
Indicated. Grid graduations are in 
mils (11J'! inch). 



CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 

Typical Performance Curves 
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CA3098 
March 1993 

Programmable Schmitt Trigger - with Memory 
Dual Input Precision Level Detectors 

Features 
• Programmable Operating Current 

• Mlcropower Standby Dissipation 

• Direct Control of Currents Up to ••.••••••••• 150mA 

• Low Input On/Off Current of Less Than 1nA for 
Programmable Bias Current of 11lA 

• Built-In Hysteresis •••••••••••••••••••• 20mV (Max) 

Applications 
• Control of Relays, Heaters, LEOs, Lamps, Photosensitive 

Devices, Thyristors, Solenoids, etc. 

• Signal Reconditioning 

• Phase and Frequency Modulators 

• On/Off Motor Switching 

• Schmitt Triggers, Level Detectors 

• Time Delays 

• Overvoltage, Overcurrent, Overtemperature Protection 

• Battery-Operated Equipment 

• Square and Triangular-Wave Generators 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3098E ·55"C to +125"0 8 Lead Plastic DIP 

Description 
The CA3098 Programmable Schmitt Trigger Is a monolithic 
silicon integrated circuit designed to control high operating 
current loads such as thyristors, lamps, relays, etc. The 
CA3098 can be operated with either a single power supply 
with maximum operating voltage of 16V, or a dual power 
supply with maximum operating voltage of ±av. It can 
directly control currents up to 150mA and operates with 
microwatt standby power diSSipation when the current to be 
controlled is less than 3OmA. The CA3098 contains the 
following major circuit function features (see Block Diagram): 

1. Differential amplifiers and summer: the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the "high" reference, and the other to compare the in· 
put with the "low" reference. The resultant output of the 
differential amplifiers actuates a summer circuit which de· 
livers a trigger that initiates a change in state of a flip·flop. 

2. Flip·flop: the flip·flop functions as a bistable "memory" el· 
ement that changes state in response to each trigger 
command. 

3. Driver and output stages: these stages permit the circuit 
to "sink" maximum peak load currents up to 150mA at 
terminal 3. 

4. Programmable operating current: the circuit incorporates 
access at terminal 2 to permit programming the desired 
quiescent operating current and performance 
parameters. 

Pinout Block Diagram 
CA3098 
(PDIP) 

TOP VIEW 

LOW REF. o +IN 
IBIAS HIGH REF. 

OUT 3 BV+ 

¥- 4 5 CURRENT 
CONTROL 

~ PROGRAMMABLE 

r---.-.. -.-... -.-.. -.-.-.• -.-.-.. -.. .....,_i: :~; r--i6I-V_+_g_g_i-{~ 
I :: J I 

+' + ~ 
I I : . , . 
: I I 

SUBSTRATE 

CAUTION: These devices are sensitiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 896.2 
Copyright@Harris Corporation 1993 
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Specifications CA3098 

Absolute Maximum Ratings Operating Conditions 
Supply Voltage Between V+ and V- .... \ ................. 16V 
Voltage Between High Reference or Sink Output and V- • • • • • • 16V 
Differential Input Voltage Between Terminals 8 and 1 •••••••• 10V 

Operating Temperatura Range •••••••.••••• -55"0 !!: TA !!: + 125°C 
Storage Temperature Range •••••.•••.••••• -65"0 !!: TA !!: + 150°C 
Operating Voltage Range 

and Terminals 7 and 8 +IN ........................................... V-toV+ 
Load Current (Terminal 3) (Duty Cycle !!:25%) •••••••••••• 150rnA 
Input Current to Voltage Regulator (Terminal 5) •••••••••••• 25rnA 
Prograrrvnable BIas CUrrent (Terminal 2) •••••••••••••••••• 1 rnA 
Output Current Control (Terminal 5) •••••.••••••••••••••• 15mA 
Power Dissipation 

HIGH REF .............................. (V- +2.0V) to V+ 
LOW REF ............................. (V-) to (V+ - 2.0V) 

Thermal Package Characteristics rctW) 9JA 9Jc 
Plastic DIP Package ...... .. .. .. .. .. 96 34 

Up to TA = +55"0 ............................... 990mW 
Above TA = +55"0. • • • • • • • • • •• Derate Unearly at 10.42mWI"C 

JunctlonTemperature .............................. +175°C 
Junction Temperature (Plastic Package) ..••••..••••••• +l50oC 
Lead Temperatura (Soidaring 10 Sec.) ••.•.••••••...•.• +3OQOC 

CAUTION: Stresses aboWIlhose UsIBd In 'Abso/ulB MaxImum Ratings" may cause permanent damage to the davIce. This Is a stress only rating and operation 
of /lis dallies at Ihsse or any other conditions aboWllhoselndicalBd In /lis operational sections of Ih/s specification Is not ImpUIId. 

Electrical Specifications TA = +25°C Unless Otherwise Specified 

UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TVP MAX UNITS 

Input Offset Voltage 

"Low" Reference (See Rgures 2, 5) VIO(LR) VLR = GND, VHR = V+ to (V- + 2V), -15 -3 6 mV 
ISlAS = lOOjiA 

'High Reference (See Figures 2, 6) VIO(HR) VHR = GND, VLR = V- to (V+ - 2V), -10 -1 10 mV 
IBiAS = lOOjiA 

Temperature CoeffICient 

'Low" Referance (See Figure 7) -55"C to +125"0 - 4.5 - (J.VI"C 

'Hlgh" Raference (See Rgura 8) _55°C to +125"0 - ±B.2 - (J.Vi"C 

Minimum Hysteresis 

Voltage (Figura 9) VIO(HR.LR) VREG =OV (Note 1), V+=4V, V-=-4V, 
IBiAS = ljiA 

- 3 20 mV 

Temperature Coefficient (Figura 10) _55°C to +125"0 - 6.7 - (J.Vi"C 

Output Saturation Voltage VCE(SAT) VI=5V, VREG =6V(Note 1), V+= 12V, - 0.72 1.2 V 
(Figures 11, 12) IBiAS = loojiA 

Total Supply Currant IlOTAL 
"ON" (Rgures 3,13,14) VI=6V, VREG >6V(Note 1), V+= 16V, 500 710 800 jiA 

ISlAS = loojiA 

'OFP (Figures 3, 13, 14) VI = 10V, VREG < 10V (Note 1), 400 560 750 jiA 
V+= 16V,IBIAS = loojiA 

Input Bias Current (Rgures 3, 15) liB 

IB!PNp) VI = 16V, VREG < 16V (Note 1), - 42 100 nA 
V+ = 16V, IBIAS = loojiA 

IB!NPN) VI=6V, VREG >6V(Note 1), V+= 16V, - 28 100 nA 
IBiAS = lOOjiA 

Output Leakage Current ICE(OFF) Current from Terminal 3 when 046 Is 
"OFP 

- - 10 jiA 

Switching Times (Figures 4, 16-27) IBiAS = loojiA, V+ = 5V, VREG = 2.5V 

Delay Time to (Note 1) - 900 - ns 
Fall Time If: - 30 - ns 
Rise TIme tR - 2000 - ns 
Storage Time Is - 6.5 - lIS 

Output Current (Note 2) 10 100 - - mA 

NOTES: 

1. For dallnltlon of VREG see Figure 3. 
2. Continuous (DC) output current must be limited to !!:4OrnA. For 100mA output current, the duty cycle must be !!:40%. 
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CA3098 

Schematic Diagram 

SIGNAL 
INPUT 

"LOW" 
REF. (LR) 

General Description of Circuit Operation 

When the signal input voltage of the CA3098 Is equal to or 
less than the "low" reference voltage (LR), current flows from 
an external power supply through a load connected to 
Terminal 3 ("sink" output). This condition is maintained until 
the Signal input voltage rises to or exceeds the "high" 
reference voltage (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the output stage 
interrupts current flow in the external load. This condition, in 
turn, is maintained until such time as the signal again 
becomes equal to or less than the "low" reference voltage. 

The CA3098 comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 
flexibility to the deSigner to optimize quiescent power 
consumption, input circuit characteristics, hysteresis, and 
additionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Program
mability is accomplished by means of the bias current (ISlAS) 
supplied to Terminal 2. 

An auxiliary means of controlling the magnitude of load 
current flow at Terminal 3 is provided by "sinking" current into 
Terminal 5. Figure 1 highlights the operation of the CA3098 
when connected as a simple hysteresis switch (Schmitt 
trigger). 
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INPUT 
SIGNALo---;-----~~~ 

E'N 

INPUT SIGNAL 
SEQUENCE LEVEL 

1 4~EIN>O 

2 8~E'N>4 

3 EIN>8 

2 8~EIN>4 

1 4~ E1N>O 

PROGRAMMABLE 
BIAS CURRENT 

INPUT(......, 

OUTPUT VOLTAGE (V) 
(TERMINAL 3) 

0 

0 

12 

12 

0 

FIGURE 1. BASIC HYSTERESIS SWITCH (SCHMITI TRIGGER) 
AND RESULTANT OUTPUT STATES 



Metallization Mask Layout 

50 -

40 -

30-

20 -

10 -

CA3098 

Dimensions In parentheses are In mI.lllmeters and are 
derived from the basic Inch dimensions as indicated. Grid 
graduations are In mRs (10-11 inch). 

The layout represents a chip when It is part of the wafer. 
When the wafer is cut into Chips, the cleavage angles are 
57" Instead of 90" with respect to the face of the chip. 
Therefore, the Isolated chip is actually 7 mils (0.17mm) 
larger In both dimensions. 

~---- 63 (1.600) ------o~ 

Test Circuits 

+IV 

>-----lV-- Vo 

FIGURE 2. INPUT OFFSET VOLTAGE TEST CIRCUIT 

V+ 

Vo 

1100 

FIGURE 3. TOTAL SUPPLY CURRENT, AND INPUT BIAS CUR
RENT TEST CIRCUIT 

FIGURE 4. SWITCHING TIME TEST CIRCUIT 
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CA3098 

Typical Performance Curves 

-6 

! TA • ..:!Soc. V+. +12V, 
VHR.8V, VLR.8V 

w 
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VIO (LR) • VI- VLR 
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I!s 
~ -2 ... 
ii!: 
..: II! -1 

V ~ 
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".". ~ -
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10 100 1000 
PROGRAMMING BIAS CURRENT (J1A) 

FIGURE 5. INPUT OFFSET VOL TAGE ("LOW" REFERENCE)vs 
PROGRAMMING BIAS CURRENT 
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w 

~ g 
Iii -3.5 

~ 
o -3.0 

~ 
ii!: -2.5 
..: 
w 
a: -2.0 

~ 
-1.5 

VIO (UI)OO VI- vLR 

- .......... 
~ 

........... 
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AMBIENT TEMPERATURE ("C) 

FIGURE 7. INPUT OFFSET VOLTAGE rLOW" REFERENCE)vs 
AMBIENT TEMPERATURE 

4 

! 
W 3 

2 
~ 
!/! 2 

m 
~ 1 
Z 
i 

TA" +2S"C, V+. +12V, 
VHR" IV, VLR. IV 

10'" .... 
V-

i-" 

~ ~ 

10 100 1000 
PROGRAMMING BIAS CURRENT (J1A) 

TA. +2!i"C, V+. +12V, 
VHR.8V, VLR-OV 
VIO(II'I)-VI-VHR 

"- / 
f'~ V 

10 100 1000 

PROGRAMMING BIAS CURRENT (jLA) 

FIGURE 6. INPUT OFFSET VOLTAGE ("HIGH" REFERENCE) 
vs PROGRAMMING BIAS CURRENT 

IBIAS • 100,,", 
VIO (III) • VI- VHR 

, , / 
""-~ ,.,. V 

o 
-75 -60 -25 0 28 50 75 100 125 

AMBIENT TEMPERATURE ("C) 

FIGURE 8. INPUT OFFFSET VOLTAGE ("HIGH" REFERENCE) 
vs AMBIENT TEMPERATURE 

.......... .......... 
.......... .......... 

r--..... 

1 
-100 -75 ..so -25 0 25 50 75 100 128 

AMBIENT TEMPERATURE ("C) 

FIGURE 9. MINIMUM HYSTERESIS VOLTAGE vs PROGRAM- FIGURE 10. MINIMUM HYSTERESIS VOLTAGE vs AMBIENT 
MING BIAS CURRENT TEMPERATURE 
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CA3098 

Typical Performance Curves (Continued) 

TA - +25"C, IBIAS _100"" 
V+.12V 

~ 
o 
10 

I 
1/ 

I) 

~ 
,/ 

100 
OUTPUT SINK CURRENT (mA) 

1000 

FIGURE 11. OUTPUT SATURATION VOLTAGE YI OUTPUT 
SINK CURRENT 

10,000 
TA" +25"C, V+ = 12V 

~ 1,000 

VREG-&V" 
19' 

!i: 
w .... 
a: a: 100 G 

...... 1/ 

~ .J' 
lao 
lao 10 ::I 

~ 

In 

~ "' 

10 100 1000 
PROGRAMMING BIAS CURRENT IfLA) 

• See Figure 3 for definition 01 VREG 

FIGURE 13. TOTAL SUPPLY CURRENT YI PROGRAMMING 
BIAS CURRENT 

100 
TA" +25"C, V+ _12V 

VREr6r 
.... 

~ 
,r 

,/ / 
f= liB (p-n-p) 

~ 

1/ 
", V ~B( .... p-n) 

10 100 1000 
PROGRAMMING BIAS CURRENT (IIA) 

• See Figure 3 lor definition of VREG 

FIGURE 15. INPUT BIAS CURRENT va PROGRAMMING BIAS 
CURRENT 

E 
I !:i 1.0 
§! 
! 0.1 

~ ~ 0.8 

~ 
5 0•7 

I!: 6 0.& 
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V+_1OV 

~ 

./ 
V 

~ 
~ 

~ 

0.5 
.100 ·75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE ("C) 

FIGURE 12. OUTPUT SATURATION VOLTAGE YI AMBIENT 
TEMPERATURE 
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1_-10011A 
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700 

!i: &00 
w 100"'" 
a: a: 
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~ 
lao 400 
lao 
::I 
In 

~ 
300 
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AMBIENT TEMPERATURE ("C) 

FIGURE 14. TOTAL SUPPLY CURRENT YI AMBIENT TEMPER· 
ATURE 

1050 

TA"+25"C 

1000 
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VLR - VHR - VREG - V+12 ./ 
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/ 
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V 

800 
5 10 15 

POSITIVE SUPPLY VOLTAGE M 

FIGURE 16. DELAYTIMEYISUPPLYVOLTAGE 
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CA3098 

Typical Performance Curves (Continued) 

TA=+25"C 
IBIAS = 10011A 
VLR. VIlA. VREG. V+12 

/' 
/' 

./ 
./ 

6500 

5 10 15 

POSmYE SUPPLY VOLTAGE M 

FIGURE 17. STORAGE TIME va SUPPLY VOLTAGE 
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IBIAS .. 10011A 

VLR - VItA .. VAEG '" V+12 

l.,.../ 
~ 
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~ 

5 10 15 

POsmVE SUPPLY VOLTAGE M 

FIGURE 19. OUTPUT RISE TIME va SUPPLY VOLTAGE 

45 
SUPPLY VOLTAGE. 5V 
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~ VLR. VHR. VREG" 2.5V 

"V 
/ 

/ 

~ ----~ 
25 
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AMBIENT TEMPERATURE ("C) 

FIGURE 21. OUTPUT FALL TIME va AMBIENT TEMPERATURE 
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TA-+26OC 
IBIAS .. 10011A 

VLR. VItA - VAEG • V+12 

./ 
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./ 
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FIGURE 18. OUTPUT FALL TlUEva SUPPLY VOLTAGE 
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FIGURE 20. OUTPUT RISE TIME va AMBIENT TEMPERATURE 
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CA3098 

Typical Performance Curves (Continued) 

1100 
SUPPLY VOLTAGE. SV 
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1100 
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IBIAS = 1001LA 
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FIGURE 23. DELAY TIME V8 AMBIENT TEMPERATURE FIGURE 24. DELAY TIME V8 PROGRAMMING BIAS CURRENT 
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FIGURE 25. STORAGE nME VB PROGRAMMING BIAS CUR· 
RENT 

PROGRAMMING BIAS CURRENT (pAl 

FIGURE 26. OUTPUT FALL TIME VB PROGRAMMING BIAS 
CURRENT 
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FIGURE 27. OUTPUT RISE TIME V8 PROGRAMMING BIAS CURRENT 
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CA3098 

Typical Applications 

+IV 
+IV 

R 

C 
T.RCln2 

R 

FIGURE 28. TIME DELAY CIRCUIT: TERMINAL 3 "SINKS" AFTER FIGURE 29. TIME DELAY CIRCUIT: "SINK" CURRENT INTER-
T SECONDS RUPTED AFTER T SECONDS 

SINE 
WAVEo--+----~o_-i 
INPUT 

~ 

+IV 

-IV 

1Ien 

SQUARE 
>--<:00-00 WAVE 

OUTPUT 

.Il.. 
SOlen 

FIGURE30. SINEWAVETOSQUARE WAVE CONVERTER WITH 
DUTY CYCLE ADJUSTMENT (VI AND V2) 

-Iv.1 -=- (+) 

(AI 
TANK". 

: ~:::::::::::b, r 
-------------- 1 

(8) 

NOTES: 

WATER 
LEVEL 

1. Motor pump is "ON- when water level rises above thermistor TH2• 

2. Motor pump remains "ON" until water IeYelIaJIs below thermistor THI . 

3. Thermistors, operate in self heating mode. 

FIGURE 31. (A) WATER LEVEL CONTROL CIRCUIT 
(8) WATER LEVEL DIAGRAM FOR CIRCUIT 

3-15 

til 
a: o 
~ a: 
f 
:::E o 

" 



Typical Applications (Continued) 

1 
120VAC 
80Hz 

I~~ 

CA3098 

2.&V-:n... 
ov -

DESIRED ioN 
(ms) 

15 

150 

300 

1Mn 1kn 

LAMP 

VAlUEOFC1 
(jlF) 

0.01 

0.1 

0.2 

\&0 NOTE: Input pulse IIlJSt be greater than 1 ms but less than desired toN 

FIGURE 32. OFFION CONTROL OF TRIAC WITH PROGRAMMA· FIGURE 33. ONE SHOT MUlTlVlBRATOR 
BlE HYSTERESIS 
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March 1993 

Features 
• MOSFET Input Stage 

- Very High Input Impedance (ZIN} ••••••• 1.7Tn (Typ.) 
- Very low Input Current at v+ = sv ..... 3.SpA (Typ.) 
- Wide Common Mode Input Voltage Range (VICR) can 

be swung 1.SV (Typ.) Below Negative Supply Volt
age Rail 

- Virtually Eliminates Errors Due to Flow of Input 
Currents 

• Output Voltage Compatible with TIL, DTl, ECl, MOS, 
and CMOS logic Systems in Most Applications 

Applications 
• High Source Impedance Voltage Comparators 

• long Time Delay Circuits 

• Square Wave Generators 

• AID Converters 

• Window Comparators 

CA3290 
BiMOS Dual Voltage Comparator 

with MOSFET Input, Bipolar Output 

Description 
The CA3290A and CA3290 types consist of a dual voltage 
comparator on a Single monolithic chip. The common mode 
input voltage range includes ground even when operated 
from a single supply. The low supply current drain makes 
these comparators suitable for battery operation; their 
extremely low input currents allow their use in applications 
that employ sensors with extremely high source imped
ances. Package options are shown in the table below. 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3290AE -55"C to + 125°C 8 Lead Plastic 01 P 

CA3290AEI -55°C to + 125°C 14 Lead Plastic DIP 

CA3290AT -55°C to + 125°C 8 Pin TQ-5 Can 

CA3290BT ·550C to + 125°C 8 Pin TQ-5 Can 

CA3290E ·55"C to + 125°C 8 Lead Plastic DIP 

CA3290El -55"C to + 125°C 14 Lead Plastic DIP 

CA3290T ·55°C to +125°C 8 Pin TQ-5 Can 

Pinouts CA32901A (PDIP) 
TOP VIEW 

Schematic Diagram 

OUTPUT (AI) 

INY.INPUT (AI) 

NON·INV.INPUT (AI) l.!3[J-~)~0Jr0. 

7 OUTPUT(A2) 

6 INV.INPUT (A2) 

5 NON-lNV.INPUT (A2) 

CA3290A, CA3290 (PDIP) 
TOP VIEW 

INY.INPUT (AI) 1 

NON~NY.INPUT (AI) 2 

NON-lNY.INPUT (A2) ri6'1--=r~.J 

INY. INPUT (A2) 7 
'---_ ...... 

2 OUTPUT (AI) 

o OUTPUT (A2) 

• Tie to GND or V+ for best Input/Output isolation 

CA3290A, CA3290, CA3290B (T0-5 CAN) 
TOP VIEW 

INY. INPUT (AI) 2 6 INY. INPUT (A2) 

D1 

D2 

(ONLY ONE IS SHOWN) 

COMPARATOR NO.1 

BIASING CIRCUIT 
FOR CURRENT 

SOURCES 

V+ 

; 
• · : TO 
: COMPo 
: NO.2 

• • • • • • • • • • • • • · • • • • :016 
• • • 

~~+-J: 

~-+-t::Q7 

• • • • • • • • • • • · • • • • • • • · · 

CAUTION: These devices are sensltlva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1 049.1 
Copyright @ Harris Corporation 1993 

3-17 



Specifications CA3290, CA3290A 

Absolute Maximum Ratings 
Supply Voltage 

Single Supply •••••••..••.•..•••.••••••....•.•.•.• -t36V 
Dual Supply •.•.•••••••••.••.•.•..•••••.•..••••...•.•. tlaV 

Differential Input Volt8ge ..•.•.•.•.••..•.• 36V or [(V+ - V·) +5V) 
(whichever Is 19$5) 

DC Input Voltage ••••...•.•••.••.••••.••••• V+ +5V to V- -5V 
Output to V- Short Circuit Duration (Note 1). • . • • • • • • . Continuous 
Input Current ..•••••.•.•..•••••.•••.•.••••.•.••••.••• 1 rnA 
Junction Temperature. . . • • • • • • . • . • . • . • . • • . . . • . . • . • . + 175°C 
Junction Temperature (Plastic Package) •..•.••••.••••• +ISOOC 
Lead Temperature (Soldering 10 Sec.) ................. +300"C 

Operating Conditions 
Operating Temperature Range ..•••••..•••. -5500 S TA S +125°C 
Storage Temperature Range •••••..••••.•.• -6500 S TA S + 150°C 
Thermal Package Characteristics (OO/W) 9JA 9JC 

a Lead Plastic DIP Package •• . • . • • . • • 94 32 
14 Lead Plastic DIP Package. . . . • • • • . 107 38 
TO-5 Can Package ..••• • . • . • • • • • . . . 114 35 

CAUTION: Stresses above thoselfsted In "Absolute MaxImum RaUngs" may cause permanent damage 10 the davlce. This is a stress only rating and operaffon 
of the device at !hess or any other conditions abo"" those Indicated In the operationsJ sections of this specification is not impHed. 

Electrical SpecHications V- = OV, Unl9$S Otherwise Specified 

LIMrrs 

CA3290A CA3290 

PARAMETER SYMBOL TEST CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Input Offset Voltage VIO TA = -55°C to + 125°C, - 4.5 - - 8.5 - mV 
VCM = Vo = I.4V, V+ = 5V 

TA = -55°C to +125°C, - 8.5 - - 8.5 - mV 
VCM = Vo = OV, V+ = +15V, 
V-=-15V 

TA =+25"C, VCM = Vo = 1.4V, - 4.0 10 - 7.5 20 mV 
V+=5V 

TA = +25°C, VCM = Vo = OV, - 4.0 10 - 7.5 20 mV 
V+=+15V, V-=-15V 

Temperature Coefficient !!Vld!!T - 8 - - 8 - )J.V/"C 
of Input Offset Voltage 

Input Offset Current 110 TA = -5500 to +125°C, - 2 28 - 2 32 nA 
VCM= 1.4V, V+=5V 

TA = -5500 to +125OC, - 7 28 - 7 32 nA 
VCM = OV, V+ = +15V, 
V-=-15V 

TA = +25°C, VCM = 1.4V, - 2 25 - 2 30 pA 
V+=5V 

TA = +250C, VCM = OV, - 7 25 - 7 30 pA 
V+ = +15V, V- = -15V 

Input Current II TA = +12500, VCM = 1.4V, - 2.8 45 - 2.8 55 nA 
V+=5V 

TA = +1250C, VCM = OV, - 13 45 - 13 55 nA 
V+=+15V, V-=-15V 

TA = +25°C, VCM = 1.4V, - 3.5 40 - 3.5 50 pA 
V+=5V 

TA = +250 C, VCM = OV, - 12 40 - 12 50 pA 
V+=+15V, V-=-I5V 

Supply Current 1+ TA = -55°C, RL = .. , V+ = 5V - 0.85 1.0 - 0.85 1.6 rnA 

TA = -5500, RL = .. , V+ = 30V - 1.62 3.0 - 1.62 3.5 mA 

TA = +250C, RL = .. , V+= 5V - 0.8 1.4 - 0.8 1.4 mA 

TA = +25°C, RL = .. , V+ = 30V - 1.35 3.0 - 1.35 3.0 rnA 
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Specifications CA3290, CA3290A 

Electrical Specifications v- = OV, Unless Otherwise Specified (Continued) 

LIMITS 

CA3290A CA3290 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Voltage Gain AoL TA = -55"C to +125"C, - 150 - - 150 - VlmV 
1\= 15kn, V+=+l5V, V-=-15V - 103 - - 103 - dB 

TA = +250C,I\" 15kn, 25 800 - 25 800 - VlmV 
V+=+15V; V-=-15V 

88 118 - 88 118 - dB 

Saturation Voltage VSAT TA = +125°0, ISINK = 4mA, - 0.22 0.7 - 0.22 0.7 V 
V+ = 5V, +VI = OV, -VI = 1V 

TA = -55°C, ISINK = 4mA, - 0.1 - - 0.1 - V 
V+ = 5V, +VI = OV, -VI = lV 

TA = +25"C,ISlNK = 4mA, - 0.12 0.4 - 0.12 0.4 V 
V+ = 5V, +VI = OV, -VI = 1V 

OUtput Leakage Current IOL TA = -55"C to +125"C, V+ = 15V - 65 - - 65 - nA 

TA = -55°C to +125"C, V+ = 36V - 130 lk - 130 lk nA 

TA = +25°C, V+ = 15V - 100 - - 100 - pA 

TA = +25°C, V+ = 36V - 500 - - 500 - pA 

Common Mode Input VICR TA = +250C, Vo = 1.4V, V+ = 5V V+-3.5 V+-3.1 - V+-3.5 V+-3.1 - V 
Voltage Range V- V- -1.5 V- V--l.5 

TA = +250 C, Vo = OV, V+-3.8 V+-3.4 - V+-3.8 V+-3.4 - V 
V+=+15V, V-=-15V V- V--l.6 V- V--1.6 

Common Mode CMRR TA = +25°C, V+ = +15V, - 44 562 - 44 562 IlVN 
Rejection Ratio V-=-15V 

TA = +25°C, V+ = 5V - 100 562 - 100 562 IlVN 

Power Supply Rejection PSRR TA = +25°C, V+ = +15V, - 15 316 - 15 316 IlVN 
Ratio V-= -15V 

Output Sink Current TA = +25°C, Vo = 1.4V, V+ = 5V 6 30 - 6 30 - mA 

Response Time Rising TR TA = +250 C,1\ = 5.1kn, - 1.2 - - 1.2 - jJ.S 
Edge V+= 15V 

Response Time Failing TF TA = +25°C, RL = 5.1kn, - 200 - - 200 - ns 
Edge V+= 15V 

Large Signal Response TA = +250C, RL = 5.1kO, - 500 - - 500 - ns 
Time V+= 15V 

TA = +25°C, RL = 5.1kn, - 400 - - 400 - ns 
V+=5V 

NOTE: 

1. Short circuits from the output to V+ can cause excessive heating and eventual destruction of the device. 
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CA3290, CA3290A 

Circuit Description 
The Basic Comparator 

Figure 1 shows the basic circuit diagram for one of the two 
comparators in the CA3290. It is generically similar to the 
industry type "139" comparators, with PMOS transistors 
replacing p-n-p transistors as input stage elements. Transis
tors Q1 through Q4 comprise the differential input stage, 
with Q5 and Q6 serving as a mirror connected active load 
and differential-ta-single-ended converter. The differential 
input at Q1 and Q4 is amplified so as to toggle Q6 in 
accordance with the input signal polarity. For example, if 
+VIN is greater than -VIN, Q1, Q2, and current mirror 
transistors Q5 and Q6 will be turned off; Transistors Q3, Q4, 
and Q7 will be turned on, causing Q8 to be turned off. The 
output is pulled positive when a load resistor is connected 
between the output and V+. 

In essence, Q1 and Q4 function as source followers to drive 
Q2 and Q3, respectively, with zener diodes 01 through 04 
providing gate oxide protection against input voltage 
transients (e.g., static electricity). The current flow in Q1 and 
Q4 is established at approximately 50iiA by constant current 
sources 11 and 13, respectively. Since Q1 and Q4 are 
operated with a constant current load, their gate-ta-source 
voltage drops will be effectively constant as long as the input 
voltages are within the common-mode range. 

As a result, the input offset voltage (VGS(Q1) + VSE(C2) -

VSE(Q3) - VGS(Q4» will not be degraded when a large 
differential de voltage is applied to the device for extended 
periods of time at high temperatures. 

Metallization Mask Layout 

Additional voltage gain following the first stage is provided by 
transistors Q7 and Q8. The collector of Q8 is open, offering 
the user a wide variety of options in applications. An 
additional discrete transistor can be added if it becomes 
necessary to boost the output sink current capability. 

The detailed schematic diagram for one comparator and the 
common current source biasing is shown on the front page. 
PMOS transistors Q9 through Q12 are the current source 
elements identified in Figure 1 as 11 through 14, respectively. 
Their gate source potentials (VGs) are supplied by a com
mon bus from the biasing circuit shown in the right hand por
tion of the Schematic Diagram. The currents supplied by 
Q10 and Q12 are twice those supplied by Q9 and Q11. The 
transistor geometries are appropriately scaled to provide the 
requisite currents with common VGS applied to Q9 through 
Q12. 

v+ 

v-

FIGURE 1. BASIC CIRCUIT DIAGRAM FOR ONE OF THE TWO 
COMPARATORS 

The photographs and dimensions of each chip represent a chip 
when it Is part of the wafer. When the wafer Is cut into chips, the 
cleavage angles are 57" instead of 90" with respect to the face of 
the chip. Therefore, the Isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 

DimensiOns in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are In mils 
(10-3 inch) 

NOTE: Numbers in pads are for 8 lead DIP and T0-5 Can and num
bers outside of chip are for 14 lead DIP 
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CA3290, CA3290A 

Test Circuits and Waveforms 

INPUT 

1k 

INPUT 

+15V 

+15V 

+1 V 

T010X > ................ SCOPE 
PROBE 

WITHCe 

Top Trace. 4.5mVlDiv = VIN 
Bottom Trace = 10VIDiv = VOUT 

H = s..stD1v 

WITHOUTCc 

Top Trace. 4.5mVlDiv 
Bottom Trace = 10VIDiv 

H = 5flS/D1v 

FIGURE 2. PARASITIC OSCILLATIONS TEST CIRCUIT AND WAVEFORMS 

INPUT { INPUT { 
OVERDRIVE OVERDRIVE 

GND-- GND--

100mV 20mV &mY 5mV 20mV 100mV 
OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE 

FIGURE 3. NON-INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND WAVEFORMS 

+15V 

5mV 20mV 100mV 
OVERDRIVE OVERDRIVE OVERDRIVE 

GND-

INPUT { 
OVERDRIVE 

100mV 20mV &mY 
OVERDRIVE OVERDRIVE OVERDRM 

FIGURE 4. INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND WAVEFORMS 
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CA3290, CA3290A 

Typical Performance Curves 
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FIGURE 5. SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE (BOTH AMPLIFIERS) 
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FIGURE 6. INPUT CURRENT AS A FUNCTION OF INPUT COM
MON MODE VOLTAGE 
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FIGURE 9. NEGATIVE COMMON MODE INPUT VOLTAGE 
RANGE AS A FUNCTION OF SUPPLY VOLTAGE 
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FIGURE 10. INPUT CURRENT AS A FUNCTION OF AMBIENT 
TEMPERATURE 
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CA3290, CA3290A 

Typical Performance Curves (Continued) 

10V 
1:ZSOC 

! 
~ 1V 

..asoc -., .II 
-55"C "'-l IJ' 

~ 
::!! 100mV ~ F+125"C ~ 

+'l!!I' c ~ 
III 

~ 10mV 

o 

t--
t-- -55"C ~ .~ 

ii 

1mV 
101lA 1001lA 1 mA 10mA 

OUTPUT SINK CURRENT 

FIGURE 11. OUTPUT SATURATION VOLTAGE AS A FUNCTION OF OUTPUT SINK CURRENT 

Operating Considerations 
Input Circuit 

The use of MOS transistors in the input stage of the CA3290 
series circuits provides the user with the following features 
for comparator applications: 

1. Ultra high input impedance (51.7T'l); 

2. The availability of common mode rejection for input signals 
at potentials below that of the negative power supply rail; 

3. Retention of the in phase relationship of the input and out-
put signals for input signals below the negative rail. 

Although the CA3290 employs rugged bipolar (zener) diodes 
for protection of the input circuit, the input terminal currents 
should not exceed 1mA. Appropriate series connected limit
ing resistors should be used in circuits where greater current 
flows might exist, allowing the signal input voltage to be 
greater than the supply voltage without damaging the circuit. 

Output Circuit 

The output of the CA3290 is the open collector of an n-p-n 
transistor, a feature providing flexibility in a broad range of 
comparator applications. An output ORing function can be 
implemented by parallel connection of the open collectors. 
An output pull-up resistor can be connected to a power 
supply having a voltage range within the rating of the 
particular CA3290 in use; the magnitude of this voltage may 
be set at a value which is independent of that applied to the 
V+ terminal of the CA3290. 

Parasitic Oscillations 

The ideal comparator has, among other features, ultra high 
input impedance, high gain, and wide bandwidth. These 
desirable characteristics may, however, produce parasitiC 
oscillations unless certain precautions are observed to 

minimize the stray capacitive coupling between the input and 
output terminals. Parasitic oscillations manifest themselves 
during the output voltage transition intervals as the 
comparator switches states. For high source impedances, 
stray capacitance can induce parasitic oscillations. The 
addition of a small amount (1mV to 10mV) of positive 
feedback (hysteresis) produces a faster transition, thereby 
reducing the likelihood of parasitic oscillations. Furthermore, 
if the input signal is a pulse waveform, with relatively rapid 
rise and fall times, parasitic tendencies are reduced. 

When dual comparators, like the CA3290, are packaged in 
an 8 lead configuration, the output terminal of each 
comparator is adjacent to an inpuUerminal. The lead-Io-Iead 
capacitance is approximately 1 pF, which may be sufficient to 
cause undesirable feedback effects in certain applications. 
Circuit factors such as impedance levels, supply voltage, 
switching rate, etc., may increase the possibility of parasitic 
oscillations. To minimize this potential oscillatory condition, it 
is recommended that for source impedances greater than 
1 k'l a capacitor (2! 1 pF - 2pF) be connected between the 
appropriate input terminal and the output terminal. (See 
Figure 2.) 

The CA3290A and CA3290 are also supplied in a 14 lead 
dual-in-line plastic package. To minimize the possibility of 
parasitic oscillations the input and output terminals are 
positioned on opposite sides of the package. In addition, 
there are two leads between the output terminal of each 
comparator and its corresponding inverting input terminal, 
reducing the inpuVoutput coupling significantly. These leads 
(S, 9,13, 14) should be tied to either the V+ or V- supply rail. 
If either comparator is unused, its input terminals should also 
be tied to either the V+ or V- supply rail. 
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CA3290,CA3290A 

Typical Applications 
Light Controlled One-Shot Timer 

In Figure 12 one comparator (Al) of the CA3290 is used to 
sense a change in photo diode current. The other compara
tor (A2) is configured as a one-shot timer and is triggered by 
the output of A 1. The output of the circuit will switch to a low 
state for approximately 60 seconds after the light source to 
the photo diode has been interrupted. The circuit operates at 
normal room lighting levels. The sensitivity of the circuit may 
be adjusted by changing the values of Rl and R2. The ratio 
of Al to A2 should be constant to insure constant reverse 
voltage bias on the photo diode. 

+15V +15V 

FIGURE 12. UGHT CONTROLLED ONE-SHOT nMER 

Low-Frequency Multlvlbrator 

In this application, one half of the CA3290 is used as a 
conventional multivibrator circuit. Because of the extremely 
high input impedance of this device, large values of timing 
resistor (Al) may be used for long time delays with relatively 
small leakage timing capacitors. The second half of the 
CA3290 is used as an output buffer to Insure that the multivi
brator frequency will not be affected by output loading. AP is 
the parallel combination of the two 1 MO resistors connected 
between +15V and GND. 

+1SV 

1Ma 

1Ma 

+15V 

R2 
1Ma 

+1SV 

T = Period = iDs 
2RP 

T = 2R1CIOge(Fi2+1) 

FIGURE 13. LOW FREQUENCY MULTIVIBRATOR 

Window Comparator 

Both halves of the CA3290 can be used in a high input 
impedance window comparator as shown in Figure 14. The 
LED will be turned ·on" whenever the Input signal Is above 
the lower limit {VJ but below the upper limit (Vu), as 
determined by the A11R2IR3 resistor divider. 

+1SV 

LED 

6700 

INPUT 

FIGURE 14. WINDOW COMPARATOR 
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Features 

• Fast Response Time ••••••••••••••••••••••• 130ns 

• Low Offset Voltage ••••••••••••••••••••••••• 2.0mV 

• Low Offset Current ••••••••••••••••••••••••• 1 OnA 

• Single or Dual Voltage Supply Operation 

• Selectable Output logic Levels 

• Active Pull·UplPull·Down Output Circuit. No External 
Resistors Required 

Applications 

• Threshold Detector 

• Zero Crossing Detector 

• Window Detector 
• Analog Interfaces for Microprocessors 

• High Stability Oscillators 

• Logic System Interfaces 

Ordering Information 

PART 
NUMBER 

HA1·4900-2 

HAl-4902-2 

HAl-4905-5 

HA3-4905·5 

HA4P4905-5 

HA9P4905-5 

Pinout 

TEMPERATURE 
RANGE PACKAGE 

·55°C to +12500 16 Lead Ceramic DIP 

-5SOC to +12500 16 Lead Ceramic DIP 

ooC to +7500 16 Lead Ceramic DIP 

000 to +7500 16 Lead Plastic DIP 

000 to +7500 20 Lead PLCC 

oooto+75°C 16 Lead Wide Body SOIC 

HA-4900, HA·4902 (CDlP) 
HA-4905 (POIP, COIP, 300 mil SOIC) 

TOP VIEW 

HA-4900, HA-4902 
HA-4905 

Precision Quad Comparator 

Description 
The HA-4900 series are monolithic, quad, preCision compar
ators offering fast response time, low offset voltage, low off
set current and virtually no channel-ta-channel crosstalk for 
applications requiring accurate, high speed, signal level 
detection. These comparators can sense signals at ground 
level while being operated from either a single +5V supply 
(digital systems) or from dual supplies (analog networkS) up 
to ±15Y. The HA-4900 series contains a unique current 
driven output stage which can be connected to logic system 
supplies (VLOGIC+ and VLOGIC-> to make the output levels 
directly compatible (no external components needed) with 
any standard logic or special system logic levels. In 
combination analog/digital systems, the design employed in 
the HA-4900 series input and output stages prevents 
troublesome ground coupling of signals between analog and 
digital portions of the system. 

These comparators' combination of features make them 
ideal components for signal detection and processing in data 
acquisition systems, test equipment and microprocessor! 
analog signal interface networks. 

For military grade product, refer to the HA-4902l883 data 
sheet. 

HA·4905 
(PLCC) 

TOP VIEW 

.. .. 
;r; § 

CAUTION: These dwlces are sensHive 10 electroatatlc discharge. Users should follow proper I.C. Handling Procedures. File Number 2855.1 
Copyright @Harris Corporation 1993 
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Specifications HA-4900, HA-4902, HA-4905 

Absolute Maximum Ratings (Note 1) 

Supply Voltege (Between V+ and V- Terminals) ••••••••••••• 33V 
Differential Input Voltage. . • • • • • • • • • • • • • • • • • • • • • • • • . • • •• 15V 
Voltage Between VI.ogIc+ and VI.ogIc-' ••••••.••••••.••••.• , 18V 
Output Current .•••.••.••••..••••.••••.••••••.••.••• SOmA 
Power DIssipation (Notas 7, 8) 
Junction Temperature •••..••• " •••••••••••••••••••• +1750C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
Lead Temperatura (Soldering 10 Sec.) •.•••••.•••••.••• +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-4900-2 •••••••••••••••••••••.••••• -55"C :S:TA:S: +1250C 
HA-4902-2 •••••••••••••••••••.•.••••• -55"C:S: TA:S: +125°C 
HA-4905-5 •••••••••••••••••••.••••••••• O"C :s: TA :s: +750C 

Storage Temperature Range •••••••.••.•••• -65"C :s: TA :s: + 15O"C 
Thermal Package Characteristics r'CIW) • • 9JA 9JC 

Ceramic DIP Package............... 71 13 
Plastic DIP Package • • • . • • • • • . • • • . • • 99 25 
SOIC Package. • • • • • • • • • • • • • • • . • . • • 96 26 
PLCC Package •••••••••••••••••••• 74 32 

CAUTION: Stresses above IhosB listed In "Abso/utB MaxImum Ratings" may cause permenent damage to the device. This Is a stress only rating and opera lion 
of the dflllice at these or any other conditions above IhosB indicated in the aperalional sections of this speclflcalion Is not Implied. 

Electrical Specifications v+ = +15V, v- = -15'1, VLOGIc+ = 5V, VLOGIC" = GND 

HA-4900-2 HA-4902·2 HA-4905-5 
-SSOC to +1~C -55OC to +125°C O"C to +75OC 

PARAMETER TEMP MIN I TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

OIfset Voltage (Note 2) +25"C - 2 3 - 2 5 - 4 7.5 mV 

Full - - 4 - - 8 - - 10 mV 

Offset Current +25OC - 10 25 - 10 35 - 25 50 nA 

Full - - 35 - - 45 - - 70 nA 

Bias Current (Note 3) +25"C - 50 75 - 50 150 - 100 150 nA 

Full - - 150 - - 200 - - 300 nA 

Input Sensitivity (Note 4) +25"C - - VIO + - - VIO + - - VIO+ mV 
0.3 0.5 0.5 

Full - - VIO + - - VIO + - - VIO+ mV 
0.4 0.6 0.7 

ComrrlOn Mode Range Full V- - (V+)- V- - (V+)- V- - (V+) - V 
2.4 2.6 2.4 

Dlfferenliallnpul Resistance +25"C - 250 - - 250 - - 250 - Mn 

TRANSFER CHARACTERISTICS 

Large Signal Voltege Gain +25"C - 400 - - 400 - - 400 - kVN 

Response Time (T POO) +25"C - 130 200 - 130 200 - 130 200 ns 
(Nole5) 

Response Time (T PO 1) +25"C - 180 215 - 180 215 - 180 215 ns 
(Nole5) 

OUTPUT CHARACTERISTICS 

Output Voltage Level 

Logic "Low State" (VoU Full - 0.2 0.4 - 0.2 0.4 - 0.2 0.4 V 
(Note 6) 

Logic "High State" (VOH) Full 3.5 4.2 - 3.5 4.2 - 3.5 4.2 - V 
(Note 6) 

Output Current 

ISINK Full 3.0 - - 3.0 - - 3.0 - - rnA 

ISOURCE Full 3.0 - - 3.0 - - 3.0 - - rnA 
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Specifications HA-4900, HA-4902, HA-4905 

Electrical Specifications V+ = + 15V, v- = -15V, vLOGlc+ = 5V, VLOGIC" = GND (Continued) 

HA·490o-2 HA·4902·2 HA-4905-5 
-ss°C to + 125°C -ss°C to +125°C DOC to +75"C 

PARAMETER TEMP MIN TYP MAX MIN TVP MAX MIN TYP MAX UNITS 

POWER SUPPLY CHARACTERISTICS 

Supply Current, Ips (+) +25OC . 6.5 20 - 6.5 20 . 7 20 rnA 

Supply Current, Ips (-) +25OC - 4 8 - 4 8 - 5 8 mA 

Supply Current, Ips (Logic) +25OC - 3.5 4 - 3.5 4 - 3.5 4 rnA 

Supply Voltage Range 

VLOGIC+ (Note 8) Full 0 - +15.0 0 . +15.0 0 - +15.0 V 

VLOGIC- (Note 8) Full -15.0 - 0 ·15.0 - 0 -15.0 - 0 V 

NOTES: 

1. Absolute maXimum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func
tional operability under any of these conditions is not necessarily Implied. 

2. Minimum differential input voltage required to ensure a defined output state. 

3. Input bias currents are essentially constant with differential Input voltages up to ±9V. With differential Input voltages from ±9V to ±15V, 
bias current on the more negative input can rise to approXimately 5OOIJA. This will also cause higher supply currents. 

4. Rs';; 2000 VIN ,;; Common Mode Range. Input sensitivity is the worst case minimum differential input voltage required to guarantee a 
given output logic state. This parameter includes the effects 01 offset voltage, offset current, common mode rejection, and voltage gain. 

5. For T po(1); 1 OOmV input step, -1 OmV overdrive. For T po(O); -1 OOmV Input step, 10mV overdrive. Frequency- 100Hz; Duty Cycle - 50%; 
Inverting input driven. See Test Circuit on next page. All unused Inverting Inputs tied to +5V. 

6. For VOH and VOL: ISINK = ISOURCE = 3.0rnA. For other values 01 VLOGIC; VOH (min.) = VLOGIC+ ·1.5V. 
7. Maximum power dissipation, including output load, must be designed to maintain the junction temperature below + 175"C for ceramic 

packages, and below +1 SOOC lor plastic packages. 

8. Total Power Dissipation (T.P .D.) Is the sum 01 individual dissipation contributions of V+, V- and VLOGIC shown in curves of Power Dissi
pation vs Supply Voltages (see Performance Curves). The calculated T.P .D.ls then located on the graph of Maxlmum Allowable Package 
Dissipation vs Ambient Temperature to determine ambient temperature operating limits Imposed by the calculated T.P.D. (See 
Performance Curves). For instance, the combination of +15V, -15V, +5V, OV (V+, V-, VLOGIC+, VLOGIC"l gives a T.P.D. 01 350mW, the 
combination +15V, -15V, +15V, OV gives a T.P.D. of 450mW. 

Schematic Diagram 

ONE FOURlH ONLY 
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HA-4900, HA-4902, HA-4905 

Test Circuits 

+1SV Tpe(O) Tpe(1) 

OVERDRIVE 

>---oVour 
-r--r-l----------- Vnt. OV 

100mV 
-1---1-1 __________ . Vnt. OV 

OVERDRIVE 

OUTPUTJ 
T pe(0) r--."'-_ 

-15V 

T.O 

Typical Performance Curves T" = +250C, Vs = ±1S\I, VLOG1C+ = SV, VLOGIC"" = OV, Unless Otherwise Specilled 
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FIGURE 3. INPUT BIAS CURRENT vs COMMON MODE INPUT VOLTAGE (VDlFF = OV) 
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HA-4900, HA-4902, HA-4905 

Typical Performance Curves TA .. +2SOC, VS = t15V, VLOGJC+" SV, VlOGIC" = OV, Unless Otherwise Specified (Continued) 
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FIGURE 4. SUPPLY CURRENT va TEMPERATURE (FOR t15V 
SUPPLIES AND +5V LOGIC SUPPLy) 
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HA-4900, HA-4902, HA-4905 

Typical Performance Curves TA = +25OC, VS = ±15V, VLOG1C+ = SV, VLOG1C" = OV, Unless Otherwise Specilled (Continued) 
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FIGURE 7. MAXIMUM PACKAGE DISSIPATION VB AMBIENT 
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Applying the HA-4900 Series Comparators 

1. SUPPLY CONNECTIONS: This device is exceptionally 
versatile in working with most available power supplies. 
The voltage applied to the V+ and V- terminals deter
mines the allowable input signal range; while the voltage 
applied to the VL+ and VL- determines the output swing. 
In systems where dual analog supplies are available, 
these would be connected to V+ and V-, while the logic 
supply and return would be connected to VLOGIc+ and 
VLOG1C-' The analog and logic supply commons can be 
connected together at one point in the system, since the 
comparator is immune to noise on the logic supply 
ground. A negative output swing may be obtained by 
connecting VL+ to ground and VL- to a negative supply. 
Bipolar output swings (1SVp_p , max.) may be obtained 
using dual supplies. In systems where only a single logic 
supply is available (+SV to 1SV), V+ and VLOGIc+ may be 
connected together to the positive supply while V- and 
VLOG1C" are grounded. If an input signal could swing 
negative with respect the V- terminal, a resistor should be 
connected in series with the input to limit input current to 
< SmA since the CoB junction of the input transistor would 
be forward biased. 
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I 200 

~ 
; 1&0 

is! 100 

I &0 

o 
o 2 

~ 

~ 

1/ 
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~ 
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~ ~ 
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~ 

"""" 
i""" " , 

~ 
~ 1,..000 i""" ~ .... 

~~IC+I-
4 6 8 10 12 14 

SUPPLY VOLTAGE M 

FIGURE 8. MAXIMUM POWER DISSIPATION VB SUPPLY 
VOLTAGE (NO LOAD CONDITION) 

2. UNUSED INPUTS: Inputs of unused comparator sections 
should be tied to a differential voHage source to prevent 
output "chatter". 

3. CROSSTALK: Simultaneous high frequency operation of 
all other channels in the package will not affect the output 
logic state of a given channel, provided that its differential 
input voltage is sufficient to define a given logic state 
(AVIN 2: ±Vos). Low level or high impedance input lines 
should be shielded from other signal sources to reduce 
crosstalk and interference. 

4. POWER SUPPLY DECOUPUNG: Decouple all power sup
ply lines with O.0111f ceramic capacitors to ground line locat
ed near the package to reduce coupling between channels 
or from external sources. 

S. RESPONSE TIME: Fast rise time « 200ns) input pulses 
of several voHs amplitude may result in delay times 
somewhat longer than those illustrated for 100mV steps. 
Operating speed is optimized by limiting the maximum 
differential input voHage applied, with resistor-diode 
clamping networks. 



HA-4900, HA-4902, HA-4905 

Typical Applications 

Data Acquisition System 

In this circuit the HA-4900 series is used in conjunction with 
a 0 to A converter to form a simple, versatile, multi-channel 
analog input for a data acquisition system. In operation the 
processor first sends an address to the 0 to A, then the 
processor reads the digital word generated by the compara
tor outputs. To perform a simple comparision, the processor 
sets the 0 to A to a given reference level, then examines one 
or more comparator outputs to determine if their inputs are 
above or below the reference. A window comparison 
consists of two such cycles with 2 reference levels set by the 
o to A. One way to digitize the inputs would be for the 
processor to increment the 0 to A in steps. The 0 to A 
address, as each comparator switches, is the digitized level 
of the input. While stairstepping the 0 to A is slower than 
successive approximation, all channels are digitized during 
one staircase ramp. 

._-------------, , 

gl!! ...... -t--........ 
~~ 
~~ ..... -t-""I"" .... 

, 
: COMPARATORS: ____ ... _________ 4 

ANALOG INPUT MODULE 

Logic Level Translators 

MICRO. 
: PROCESSOR , , t _______ ..... _______ _ 

PROCESSOR 

The HA-4900 series comparators can be used as versatile 
logic interface devices as shown in the circuits above. 
Negative logic devices may also be interfaced with 
appropriate supply connections. If separate supplies are 
used for V- and VLOGIC"' these logic level translators will 
tolerate several volts of ground line differential noise. 

+Ii.ov 

TIL TO CMOS 

vee 
+5VTO+15V 

CMOS TO TIL 

RS-232 To CMOS Une Receiver 

This RS-232 type line receiver to drive CMOS logic uses a 
Schmitt trigger feedback network to give about 1V input hys
teresis for added noise immunity. A possible problem in an 
interface which connects two equipments, each plugged into 
a different AC receptacle, is that the power line voltage may 
appear at the receiver input when the interface connection is 
made or broken. The two diodes and a 3W input resistor will 
protect the inputs under these conditions. 

4.7kn 
3W 

1kn 

1 N4001 '. 

Window Detector 

10V 

1kn 

The high switching speed, low offset current and low offset 
voltage of the HA-4900 series makes this window detector 
circuit extremely well suited to applications requiring fast, 
accurate, decision-making. The circuit above is ideal for 
industrial process system feedback controllers or ·out-of
limit" alarm indicators. 

+1SV 
vee 

ro
--

: 
-----1 

: , , 
l INPUT--HH , 

>~;----o HIGH 

HIGH REF --HH 

-15V 

LOWREF--.............. 

Vee 

IN 
WINDOW 

>--+-...... ----0 LOW 

, , 
: 112 HA-4900 , 
I ... _____ --- .. ----~ 
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HA-4900, HA-4902, HA-4905 

Oscillator/Clock Generator 

This self-starting fixed frequency oscillator circuit gives 
excellent frequency stability. R1 and C1 comprise the 
frequency determining network while R2 provides the 
regenerative feedback. Diode 0 1 enhances the stability by 
compensating for the difference between VOH and VSUPPLY. 
In applications where a precision clock generator up to 
100kHz is required, such as in automatic test equipment, C1 
may be replaced by a crystal. 

v+ Hz 
150kn 

1N914 

150kn 

150kn 

SChmitt TrIgger (Zero Crossing Detector With Hysteresis) 

This circuit has a 100mV hysteresis which can be used In 
applications where very fast transition times are required at 
the output even though the signal input is very slow. The 
hysteresis loop also reduces false triggering due to noise on 
the input. The waveforms below show the trip points 

. developed by the hysteresis loop. 

-15V 

>--9-- VOH. 4.2V 

Ra 
13kn 

-15V 

INPUT TO OUTPUT WAVEFORM SHOWING HYSTERESIS TRIP 
POINTS 



PRELIMINARY 
March 1993 

Features 
• low Propagation Delay (OOO3/O003l) •••••••••• 2.012.1 ns 
• low Latch Set Up Time •••••••••••••••••••••••• 0.8ns 
• low Offset Voltage, Drift Coefficient ••••• 1.0mV,4I1VJOC 
• Wide Common Mode Range •••••••••••••••• +5.2I-2.8V 
• low Power Dissipation •••••••••••••••••••••• 200mW 
• Large Differential Input Resistance ••••••••••••••• 1 un 
• Complementary ECl Outputs; son Driving Capability 
• Resistor Programmable Hysteresis with HFA-0003l 
• Pin Compatible with MAX969019685 and AD96685 
• Available in SOIC 

Applications 
• Window Detector 
• High Speed Peak Detector 
• High Speed Threshold Detector 
• High Speed Data Acquisition Systems 
• Fiber Optic Decision Circuits 
• High Speed Phase Detector 
• Frequency Counter 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HFA l-0003L-5 OOC to +75°C 16 Lead Ceramic Sidebraze DIP 

HFA l-0003L-9 -4(J0C to +85°C 16 Lead Ceramic Sidebraze DIP 

HFA2-0003L-5 OOCto +75OC 10 Pin CAN 

HFA2-0003L-9 -400c to +85°C 10 Pin CAN 

HFA3-0003-5 00Cto+75°C 8 Lead Plastic DIP 

HFA3-0003-9 -4000 to +85°C 8 Lead Plastic DIP 

HFA3-0003L-5 OOCto +75°C 16 Lead Plastic DIP 

HFA3-0003L-9 -400C to +85°C 16 Lead Plastic DIP 

HFA7-0003-5 OOC to +75°C 8 Lead Ceramic Sidebraze DIP 

HFA 7 -0003-9 -400C to +8500 8 Lead Ceramic Sidebraze DIP 

HFA9POO03-5 OOCto +75°C 8 Lead SOIC 

HFA9POO03L-5 00Cto+75oo 16 Lead Narrow Body SOIC 

HFA9POO03L-9 -4OOC to +85°C 16 Lead Narrow Body SOIC 

Pinouts 

HFA-0003 
HFA-0003L 

Ultra High Speed Comparator 

Description 
The HFA-0003/0003l are monolithic, ultra high speed. 
voltage comparators. These comparators combine a 
low input offset voltage (1.0mV) with a low propagation 
delay (2.Ons) to achieve a large dynamic input range. 
The low offset voltage also makes these comparators 
ideally suited for high speed. precision analog-to
digital processing applications. The circuits have 
differential analog inputs. and provide complementary. 
ECl compatible (10K and 100K) logic outputs. The 
outputs are capable of supplying the current required 
by terminated 50n transmission lines. Both outputs 
are open emitter structures. requiring external pull
down resistors. The recommended circuit Is 50n 
connected to -2.0V. but any equivalent ECl 
termination circuit may be used. 

The HFA-0003l is a latched version of the HFA-0003. 
The latch function allows the HFA-0003l to operate in 
sample-hold or track-hold modes. whon synchronous 
detection is required. The Latch Enable (lE) input can 
be driven by a standard ECl gate. See the Applica-
tions section for more information on this feature. 

The HFA-0003l also has an additional feature. user 
programmable hysteresis. By connecting a resistor 
from the HYS pin to GND the user can select up to 
20mV of input hysteresis. See the Applications section 
for more information on this feature. 

The HFA-0003 is pin compatible with the MAX9690. 
and SP9680 while providing improved performance. 
The HFA-0003l is pin compatible with the MAX9685. 
AD96685. SP9685. HCMP96850. and the VC7695 
while providing improved performance. 

Refer to the 1883 datasheets for military compliant 
product. 

HFA-0003 (PDlP, CDIP, SOlC) 
TOP VIEW 

HFA-0003L (POIP, COIP, 150 mil SOle) 
TOP VIEW 

HFA-0003L (T0-100 CAN) 
TOP VIEW 

v+ ~8 GND1 (DIGITAL) 
+IN 2 7 GND 2 (ANALOG) 

-IN 3 - 6 QOUT 

v- 4 5 QOUT 

GND1 GND2 
(DIGITAL) (ANALOG) 

v+ 1 NC 

+IN 1 NC 

-IN 1 NC 

NC QOUT 

LE QOUT 

NC 
v-

CAUTION: These devices ara aansHive to electrostatic discharge. Uaars should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications HFA-0003, HFA-0003L 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage (GND to V+) ...•...•..•...•.•••...••••••• 8V Operating Temperature Range 
Supply Voltage (GND to V-) .••.••..••.•••.•••.••..•.... 18V HFA-0003IHFA-OOOOL-9 ..•.....•.••••..• -4O"C S TA S +85°C 
Voltage Between V+ and V- Terminals .•...•.•.....•.•.... 20V HFA-0003/HFA-OOOOL-5 .•.....•.•.......• ooC S TA S +75OC 
Differential Input Voltage .••..•.••..••..•••.••.••..•..•. 5.5V Storage Temperature Range •.......•...... -6500 S TA S + 1500C 
Input Voltage .•.....•...•..•.......•.••.•••.••....••..•.. ±5V Thermal Package Characteristics (OCIW) 9JA 9JC 
Differential Ground Voltage (GND1 to GND2) ....•.••......•. ±1 V 8 Lead Ceramic Sidebrazed DIP .•.•... 75 13 
Short Duration Output Current (Note 2) •.•••.•••.•••.•.• -35mA 8 Lead Plastic DIP ••••......•...•... 96 34 
Junction Temperature. . . . . . • . . . . • . • . . • . • . . . • • . . • • . • + 175°C 8 Lead SOIC •.....•......•..•.••.. 157 ·43 
Junction Temperature (Plastic Package) .••.•..•....••• + 1500C 16 Lead Ceramic Sidebrazed DiP ..••.. 75 13 
Lead Temperature (Soldering 10 Sec.) ...••••...•.•••.• +3OOOC 16 Lead Plastic DIP ••••.....•...•••. 92 32 

16 Lead SOIC .••••••.....•....•••. 114 35 
TO-l00 Metal CAN .••....•.•...•... 108 32 

CAUTION: stresses abo1/8 those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only raOng and operation 
of the device at these or any other condiOons abo1/8 those Indicated In the operational sscOons of this spaciflcaOon is not implied. 

Electrical Specifications V+ = 5V, V- = -5.2V, RL = 500 to -2V, Unless Otherwise SpeCified 

HFA-0003-51-9 HFA-0003L-S/-9 

PARAMETER TEMPERATURE MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage {VoS> +25°C - 1 3 - 1 3 mV 

Full - - 4 - - 4 mV 

Average Offset Voltage Drift (Note 8) Full - - 4 - - 4 IlVJOC 

Input Bias Current +25°C - 5 8 - 5 8 IlA 
Full - 8 13 - 8 13 IlA 

Input Offset Current +25°C - 0.15 0.2 - 0.15 0.2 IlA 
Full - - 0.3 - - 0.3 IlA 

Common Mode Range Full -2.8 - +5.2 -2.8 - +5.2 V 

Differential Input Resistance +25°C - 1 - - 1 - MO 

Common Mode Input Resistance +25°C - 9.5 - - 9.5 - MO 

Input Capacitance +25°C - 1 - - 1 - pF 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +25°C - 3100 - - 3100 - VN 

Full - 1200 - - 1200 - VN 

Common Mode Rejection Ratio +25°C 70 75 - 70 75 - dB 
(Note 3) 

Full 70 - - 70 - - dB 

Tracking Bandwidth (Note 4) +25°C - 270 - - 270 - MHz 

SWITCHING CHARACTERISTICS 

Propagation Delay Input to Output +25OC - 2.0 2.4 - 2.1 2.6 ns 
(tpo)(Notes 5, 8, 9) 

Full - - 2.8 - - 3.0 ns 

Maximum Dispersion (Notes 6, 8) Full - - 200 - - 200 ps 

OUTPUT CHARACTERISTICS 

Output Voltage Level: 

Logic Low {Vou +25°C - -1.83 -1.65 - -1.83 -1.65 V 

Full - -1.83 -1.57 - -1.83 -1.57 V 

Logic High (VOH) +2500 -0.938 -0.85 - -0.938 -0.85 - V 

Full -1.05 -0.96 - -1.05 -0.96 - V 

Continuous Output Current (Note 2) Full - - -30 - - -30 mA 
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Specifications HFA-0003, HFA-0003L 

Electrical Specifications V+ = 5V, v- = -5.2V, RL = 50n to -2V, Unless Otherwise Specified (Continued) 

HFA-0003-51-9 HFA-0003l-51-9 

PARAMETER TEMPERATURE MIN TVP MAX MIN TVP MAX UNITS 

LATCH CHARACTERISnCS (HFA-0003L ONLy) 

LE Input Voltage Level: 

Logic Low (V1l) Full - - - - - -1.475 V 

Logic High (VIH) Full - - - -1.105 - - V 

LE Input Current level: 

Logic Low (VIL = -1.85V) Full - - - - 0.06 0.5 IIA 
Logic High (VIH = -0.81V) Full - - - - II 20 IIA 

Propagation Delay from LE to Output +25°C - - - - 2.2 2.7 ns 
(tpDL) (Notes 5, 8, 9) 

Full - - - - 2.6 3.1 ns 

Minimum Set-Up Time (ts) (Notes 8, 9) +25°0 - - - - 0.8 1.2 ns 

Full - - - - - 1.5 ns 

Minimum Hold Time (IH) (Notes 8, 9) Full - - - - 0.5 1.0 ns 

Minimum LE Pulse Width (tpw) +25°0 - - - - 0.9 0.95 ns 
(Notes 8, 9) 

Full - - - - - 1.1 ns 

POWER SUPPLY 

PSRR (Note 7) +25°C 70 80 - 70 80 - dB 

Full 65 . - 65 - - dB 

Icc Full - II 13 - II 13 rnA 

lEE Full - 19 22 - 19 22 rnA 

Power Dissipation Full - - 200 - - 200 mW 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which theservicabllity of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. Exposure to absolute maximum rating conditions may affect device 
reliability. 

2. Outputs have no sink current (+1) capability, since they are open emitter NPN transistors. 

3. -2.0V S VCII S +4.0V. 

4. Tracking Bandwidth (TBW) is defined as the maximum Input frequency at which the outputs still switch between VOL and VOH' 
VIN = 15mVp-p sinewave centered on OV. 

5. VIN = 100mV. Voo is the amount of input overdrive. 

6. Dispersion is defined as the change In propagation delay for input overdrives between 0.1V and 1.0V. 

7. +4.5V s V+ S +5.5V or -6.2V s V- s -4.7V. 

8. This parameter is not tested. It is guaranteed by design, and by device characterization. 

9. Voo = 10mV. 
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HFA-DOO3, HFA-0003L 

Applications Information 
HFA-0003L Latch Functionality 

The Latch Enable (lE) pin of the HFA-0003L controls the 
function of the on chip latch. When the lE input is at an ECl 
Logic 1, the latch is open (transparent) and the comparator 
functions normally. When the LE input switches to a Logic 0, 
the outputs are latched in unambiguous states dependant on 
the current input state, providing the set-up and hold times 
are met. If the latch function is not utilized, the LE input must 
be connected to an ECl Logic 1 (e.g. GND). 

HFA-0003L Hysteresis Functionality 

To 'improve performance in systems with slow transition 
times, and/or high noise levels, the HFA-0003L allows the 
user to easily set the amount of input hysteresis. The hyste
resis level is set by the current flowing into the HYS input; 
the larger the current the larger the level of hysteresis. This 
current is provided by connecting a resistor (RH) between 

Timing Diagram 

COMPARE LATCHED 

the HYS pin and GND, and it is recommended that the input 
current not exceed 1mA. The input current can be approxi
mated from the follOWing formula: 

GND- (V-) -O.7V 
IH = RH 

The table below gives approximate levels of hysteresis for 
some values of IH' at TA = +250C. 

If the hysteresis function isn't used, the HYS input may be 
left floating, or may be connected to V-. The HYS input 
MUST NEVER BE CONNECTED directly to GND or V+, as 
device damage will occur. Before inserting an HFA-0003L 
into a competitor socket, the user must ensure that the cor
responding socket pin is a true no connect (i.e. is floating). 

._--_ .. _-----
LE 

'""" __ -_-__ -_-__ -_-__ -_'-1_ _ _____________________________________ . 50% 

1'-----""""'"1 

IN 
Vos 

... ----_ ... --- ... _- -- ... _--_ ... _-- - ----------------- -------- ---------- -- 50% 

Q - ------ ------- - --------- --- - ----- - -- - ------------ - --- --------- --- ---------- --- ---- --- - ----- --- -- ----. 50% 
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Selection Guide 

SAMPLE AND HOLD AMPLIFIERS: 1YPIcal Values at +25°C, Unless Otherwise Specified. 

ACQUISITION HOLD GAIN 
SAMPLElHOLD TEMPERATURE TIME STEP APERTURE BANDWIDTH 

TYPE TYPE RANGE PACKAGE" (TO 0.01%) ERROR TIME PRODUCT 

HA1-242D-2 Low Droop Rate -55°C to +12500 14 Lead Ceramic DIP 3.2JlS 10mV 30ns 2.5MHz 

HA 1-24201883 -55°C to +12500 14 Lead Ceramic DIP 
(CH= 

1,OOOpF) 
HA1-2425-5 ooC to +7500 14 Lead Ceramic DIP 

HA3-2425-5 000 to +75°C 14 Lead Plastic DIP 

HA4-24201883 -55°C to + 125°C 20 Lead LCC Ceramic 

HA4P2425-5 00Clo+75°C 20 Lead PLCC 

HA9P2425-5 OoC to +7500 14 Lead SOIC 

HA1-532D-2 High Speed, -55°C to +12500 14 Lead Ceramic DIP 1JlS 1mV 25ns 2.0MHz 

HA1-532D-5 
Low Charge, 

000 to+75°C 14 Lead Ceramic DIP 
(CH = Intemal) (CH = 100pF) 

Transfer Precision, 
HA 1-53201883 Complete- -55"C to +12500 14 Lead Ceramic DIP 

Includes Hold 
HA3-532D-5 Capacitor DOC to +7500 14 Lead Plastic DIP 

HA4-53201883 -55"C to +125OC 20 Lead LCC Ceramic 

HA9P532D-5 OoCto +75°C 16 Lead 300 mil SOIC 

HA9P532D-9 -40"C to +85OC 16 Lead 300 mil SOIC 

HA1-533D-5 Very High Speed, OoC to +75OC 14 Lead Ceramic DIP 650ns 0.5mV 20ns 4.5MHz 

HA1-5330-4 
Precision, 

-25°C to +85°C 14 Lead Ceramic DIP Monolithic, 
HA1-533D-2 Complete Includes -55°C to +12500 14 Lead Ceramic DIP 

Hold Capacitor 
HA 1-53301883 _55°C to +125°C 14 Lead Ceramic DIP 

HA3-533D-5 DOC to +7500 14 Lead Plastic DIP 

HA4-53301883 -55°C to +12500 20 Lead LCC Ceramic 

HA1-534D-5 High Speed, Low OOC to +75°C 14 Lead Ceramic DIP 700ns 15mV 15ns 10MHz 

HA1-5340-9 
DIstortIon -Includes 

-40°C to +85°C 14 Lead Ceramic DIP Hold Cepacitor 
HA 1-53401883 -55°C to + 125°C 14 Lead Ceramic DIP 

HA3-534D-5 OOCto +75OC 14 Lead Plastic 01 P 

HA3-534D-9 -40°C to +85°C 14 Lead Plastic 01 P 

HA4-53401883 -SSOC to +12500 20 Lead LCC Ceramic 

HA9P5340-5 000to+75°C 16 Lead 300 mliSOIC 

HA5350IP Ultra High Speed -4ooC to +85°C 14 Lead Plastic DIP 85ns 1.25mV ±10ns 20MHz 

HA5350lJ 
and Low Power 

-40"C to +85°C 14 Lead Ceramic DIP Includes Hold 
HA5350IB Capacitor, Full -40°C to +85°C 14 LeadSOIC 

Featured 

HA53511P Ultra High Speed -400C to +85OC 8 Lead Plastic DIP 85ns 1.25mV ±10ns 20MHz 

HA53511J 
and Low Power, 

-400C to +85°C 8 Lead Ceramic DIP Includes Hold 
HA5351IB Capacitor, Low Pin -4000 to +85"C 8 Lead SOIC 

Count 

HA53521P Dual, Ultra High -40"C to +85°C 14 Lead Plaslic DIP 85ns 1.25mV ±10ns 20MHz 

HA5352IJ 
Speed and Low 

-4000 to +85OC 14 Lead Ceramic DIP Power,lncludes 
HA53521B Hold Capacitor -4OOC to +85OC 16 Lead 300 mil SOIC 

• See Packaging Information in Section 11. 
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HA-2420, HA-2425 

March 1993 

Features 

• Maximum Acquisition Time 
- 10V Step to 0.1 %. • • • • • • • • • • • • • • • • • • • • • • • •• 411S 
- 10V Step to 0.01%. • • • . • • • • • • • • • • • • • • • • • • •• 611_ 

• Low Droop Rate (CH -1000pF) •••••••• SI1Vims (Typ) 

• Gain Bandwidth Product ••••••••••••• 2.SMHz (Typ) 

• Low Effective Aperture Delay Time ••••••• 30ns (Typ) 

• TTL Compatible Control Input 

• ±12V to ±1SV Operation 

Applications 

• 12 Bit Data Acquisition 

• Digital to Analog Deglitcher 

• Auto Zero Systems 

• Peak Detector 

• Gated Operational Amplifier 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HA1-2420-2 -55"0 10 + 125°C 14 Lead Ceramic DIP 

HAI-2425-5 OOClo +75°C 14 Lead' Ceramic Dip 

HA3-2425-5 OOC 10 +75"0 14 Lead Plastic DIP 

HA4P2425-5 OOC 10 +75"0 20 Lead PLCC 

HA9P2425-5 OOC10 +750C 14 Lead SOIC 

Pinouts 
HA·2420 (CDIP) 

HA-2425 (CDIP, PDIP, AND SOIC) 
TOP VIEW 

OFFSET ADJ. 3 

OFFSET ADJ. 4 

OUTPUT 7 

4 SiH CONTROL 

1 HOLD CAP. 

Fast Sample and Hold Amplifiers 

Description 
The HA-2420 and HA·2425 is a monolithic circuit consisting 
of a high performance operational amplifier with its output in 
series with an ultra-low leakage analog switch and JFET 
input unity gain amplifier. 

With an external holding capacitor connected to the switch 
output, a versatile, high performance sample-and-hold or 
track-and-hold circuit is fonned. When the switch is closed, 
the device behaves as an operational amplifier, and any of 
the standard op amp feedback networks may be connected 
around the device to control gain, frequency response, etc. 
When the switch is opened the output will remain at its last 
level. . . 

Perlormance as a sample-and.hold compares very favorably 
with other monolithic, hybrid, modular, and discrete circuits. 
Accuracy to better than 0.01% is achievable over the 
temperature range .. Fast acquisition is coupled with superior 
droop characteristics, even at high temperatures. High slew 
rate, wide bandwidth, and low acquisition time produce 
excellent dynamic characteristics. The ability to operate at 
gains greater thail 1 frequently eliminates the need for 
external sCillin9 amplifiers. 

The device may also be used as a versatile operational 
amplifier with a gated output for applications such as analog 
switches, peak holding circuits, etc. For more information, 
please see Application Note 517. 

The MIL-STD-883 data sheet for this device is available on 
request. 

HA-2425 
(PLCC) 

TOP VIEW 

z ~ 
Q 

z z 
"+ "T CJ 

NC 

NC NC 

OFFSETADJ. HOLD CAP. 

y.. NC 

u ... u u -t: z :::) z z 
0 

CAUTION: These devices are sensitive to electrostatic discharge. Users'should follow proper .I.C • .Handling· Procedures. File Number 2856.1 
Copyright @ Harris Corporation 1993' . 
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Specifications HA-2420, HA-2425 

Absolute Maximum Ratings 
Voltage Between V+ and V- Terminals .....•...•..••••.•.. 40V 
Oilferentiallnput Voltage .••••..•••••.••••••..•••.••..•. 24V 
Digital Input Voltage (Sample and Hold Pin) •••••.••.•• +8V, -15V 
Output Current. . • • • • • . • • • • • • • • • • • • • • • Sl'lort Circuit Protected 
Junction Temperature. • . . • • • • • • • • • • • • • • . • • • . • • • • • . • + 175°C 
Junction Temperature (Plastic Package) ••.••.•.•••.•.• +15O"C 
Lead Temperature (Soldering 10 Sec.) .......••...•.... +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA-242O-2 ..••...•••..••.•.•.....•... -5500 S TA S +125°C 
HA-2425-5 •.••..•••...••••.•••.•.••..•. O"C S TA S +75°C 

Storage Temperature Range ...•.•••.•..•.. -6500 S TA S +150oC 
Supply Voltage Range (TYP) .•...•.•....•......... ±12V to ±15V 

CAUTION: SIrsssss abow Ihoss IIstsd in "Absolulfl Maximum Ranngs" may cause permanenl damage 10 the davIce. This Is a slr8Ss only I8ling and opBl8lion 
of the device al these or any other oonditions abo ... those indioaled In the operational sections of this specification Is nol impHed. 

Electrical SpeCifications Test Conditions (Unless Otherwise Specified) VSUPPLY = 15.0V; CH = 1ooOpF; Oigilallnput: VIL =; +0.8V 
(Sample), VIH = +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) 

HA-2420-2 HA·2425-5 

PARAMETER TEMPERATURE I MIN TVP MAX MIN TVP MAX UNITS 

iNPUT CHARACTERISnCS 

Input Voltage Range Full ±10 - - ±10 - - V 

Offset Voltage +2500 - 2 4 - 3 6 mV 

Full - 3 6 - 4 8 mV 

Bias Current +2500 - 40 200 - 40 200 nA 

Full - - 400 - - 400 nA 

Offset Current +2500 - 10 50 - 10 50 nA 

Full - - 100 - - 100 nA 

Input Resistance +2500 5 10 - 5 10 - Mn 

Common Mode Range Full ±10 - - ±10 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1, 4) Full 25 50 - 25 50 - kVN 

Common Mode Rejection (Note 2) Full 80 90 - 74 90 - dB 

Hold Mode Feedthrough Attenuation Full - -76 - - -76 - dB 
(Note 3) 

Gain Bandwidth Product (Note 3) +25°C - 2.5 - - 2.5 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10 - - ±10 - - V 

Output Current +2500 ±15 - - ±15 - - mA 

Full Power Bandwidth (Notes 3, 4) +2500 - 100 - - 100 - kHz 

Output Resistance (D.C.) +2500 - 0.15 - - 0.15 - n 

TRANSIENT RESPONSE 

Rise Time (Notes 3, 5) +25OC - 75 100 - 75 100 ns 

Overshoot (Notes 3, 5) +25OC - 25 40 - 25 40 % 

Slew Rate (Notes 3, 6) +25OC 3.5 5 - 3.5 5 - VIlIS 

DIGITAL INPUT CHARACTERISnCS 

Digital Input Current (VIN = OV) Full - - -0.8 - - -0.8 rnA 

Digital Input Current (VIN = +5.0V) Full - - 20 - - 20 IiA 
Digital Input Voltage (Low) Full - - 0.8 - - 0.8 V 

Digital Input Voltage (High) Full 2.0 - . 2.0 - - V 



Specifications HA-2420, HA-2425 

Electrical Specifications Test Conditions (Unless Otherwise Specified) VSUPPLY = 15.0V; CH = 1000pF; Dlgilallnput: VIL = +<I.8V 
(Sample), VIH = +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) (Continued) 

HA·2420-2 HA·2425-5 

PARAMETER TEMPERATURE MIN TVP MAX MIN TVP MAX UNITS 

SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time to 0.1 % 10V Step +25°0 . 2.3 4 - 2.3 4 lIS 
(Note 3) 

Acquisition Time to 0.01% 10V Step +25OC - 3.2 6 - 3.2 6 lIS 
(Note 3) 

Hold Step Error (Note 7) +25°C - 10 20 - 10 20 mV 

Hold Mode Settling Time +25°C - 860 - - 860 - ns 

Aperture Time (Note 9) +2500 - 30 - - 30 - ns 

Effective Aperture Delay Time +25OC - 30 - - 30 - ns 

Aperture Uncertalnty +2500 - 5 - - 5 - ns 

Drift Current (Notes 3, 7) +2500 - 5 - - 5 - pA 

HA1-2420 Full - 1.8 10 - - - nA 

HA1-2425 Full - - - - 0.1 1.0 nA 

HA3-2425, HA4P2425 Full - - - - 7.5 10.0 nA 

POWER SUPPLY CHARACTERISTICS 

Supply Current (+) +25°C - 3.5 5.5 - 3.5 5.5 rnA 

Supply Current (-) +25°C - 2.5 3.5 - 2.5 3.5 rnA 

Power Supply Rejection Full 80 90 - 74 90 - dB 

NOTES: 

1. RL=2kn. 
2. VCM = ±10Voc• 

3. Av = ±1, RL = 2kCl, CL = 50pF. 

4. VOUT = 20V peak-to-peak. 

5. Your = 200mV peak-ta-peak. 
6. Your = 10.0V peak-la-peak. 
7. VIN = OV. 

8. fiN S 100kHz. 
9. Derived from computer simulation onlv; not tested. 

Functional Diagram Die Characteristics 

OFFSET Transistor Count •••••••.••.••••..•..•..••••••••••••.•• 85 
ADJUST Die Dimensions ••••••••••••••••.•••••••••• 102 x 61 x 19 mils 

,........A---,. y, Substrate Potential ••••••••••••••••••••••••.•••••• -V SUPPLY 

3 4 
Process .••••••••••••••..•••••..••••••••••••••• Bipolar 01 
Thermal Package Characteristics (0C/W) 9JA 9JC 

HA-242012425 Ceramic DIP ..•••.•••••.•.•••.•••• 71 13 

~I 
Plastic DIP •••.••••......••.•..•.•• 85 23 

-INPUT o-!. 0; 7 PLCC .••••.••••.•••.•..•••..••••• 74 33 

- + 
OUT SOIC ••••••••••••••.•••••••.••••• 95 26 

+INPUT 0-2 .... 
iIH 14 

CONTROL 

!13 L5 11 

GND v- HOLD 
CAPACITOR 
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HA-2420, HA-2425 

Schematic Diagram 

OFFSETNJJ. 
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J57 ... 
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Ala ILr:IrQ82_--1 .. ;r-Q71irQ80_~ ..... r: A1144 

'1 .. ~ 

+IN 

4-6 



HA-2420, HA-2425 

Test Circuits 

-IN 

INPUT 
iIH HOLD 

+IN CONTROL CAP 

ilHCONTROL 
INPUT 

OUTPUT 

FIGURE 1. HOLD STEP ERROR AND DRIFT CURRENT 

iIH 
CONTROL 

OUTPUT 

---.r-u-t::::= S:~ 
~ _________ .t 

I IiY 
: I -----f· I I 
I I 
I I 
I I 

~ liT ~ 

NOTE: Measure the slope of the output during hold, tN/At, 
and compute drift current from: ID = CH AVlAt. 

FIGURE 3. DRIFT CURRENT TEST 

4-7 

CONr:t ~ S:~:;OLE 
-J---h h OUTPUT-r __ 

YSTEP 

NOTE: Set rlsalfaJl times of SIH Control to approximately 20ns_ 

FIGURE 2. HOLD STEP ERROR TEST 

ilHCONTROL 
INPUT 

-

NOTE: Compute hold mode feedthrough attenuation from the 
formula: 

VOUTHOLD 
Feedthrough Attenuation = 2010g 0 

VINH LD 

Yo 

-

Where VourHOLD = Peak-ta-Peak value of output slnewave 
during the hold mode_ 

FIGURE 4. HOLD MODE FEEDTHROUGH ATTENUATION 

oS! 
z!!! 
o(!!: 
wE ES 
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HA-2420, HA-2425 

Typical Performance Curves 

1000 
~RIFTDURING HOLD t== MIN. SAMPLE TIME ~ 

AT +~OC (mVlo) ~~: :~t;:rACY "" 
100 " / 

UNITY GAIN PHASE 
........ MARGIN (DEGREES) ./ HOLD STEP 

10 -~ ./ /~~~~T(mV) 

"- " 1.0 UNITY GAIN 1 
BANDWIDTH 
(MHz) 

" /, 
0.1 SLEW RATE 

X. '" (V/1IO) 

I .......... 
0.01 

10pF 100pF 1OO0pF 0.01"F 0.1"F 1.0"F 
CHVALUE 

FIGURE 5. TYPICAL SAMPLE AND HOLD PERFORMANCE AS 
A FUNCTION OF HOLDING CAPACITOR 

1000 

" 
100 / 

10 / 

,. 
-

-SO -25 o +25 +50 +75 +100 +125 
TEMPERATURE (OC) 

FIGURE 7. DRIFT CURRENT vs TEMPERATURE 
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CH= 1000pF 
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FIGURE 9. HOLD MODE FEED THROUGH ATTENUATION 
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1000 

EQUIY. INPUT NOISE 

1111 "SAMPLE" MODE· 100K 

OUTPUT NOISE 
SOURCE RESISTANCE 

"HOLD"MODE 
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,..,. 
10 

~ 

EQUIV. INPUT NOISE 
"SAMPLE" MODE· 0 
SOURCE RESISTANCE 

1 1111 111111111 1111111 
10 100 1K 10K 100K 1M 

BANDINIDTH (LOWER 3dB FREQUENCY = 10Hz) 

FIGURE 6. BROADBAND NOISE CHARACTERISTICS 
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HA-2420, HA-2425 

Offset and Gain Adjustment 

HOLD STEP VOLTAGE (mY) 

+10 

5 
·10 -6 +10 

.... -Ir-.... -+I .... -o+---~~---+--
DC INPUT VOLTAGE (V) 

45 

CH .. 10,OOOpF 
CH-l000pF 

FIGURE 11. HOLD STEP vs INPUT VOLTAGE 

Offset Adjustment 

The offset voltage of the HA·2420and HA·2425 may be 
adjusted using a 100kn trim pot, as shown in Figure 20. The 
recommended adjustment procedure is: 

Apply zero volts to the sample-and·hold input, and a square 
wave to the StH control. 

Adjust the trim pot for zero volts output in the hold mode. 

Gain Adjustment 

The linear variation in pedestal voltage with sample-and· 
hold input voltage causes a ·0.06% gain error (CH = 
1000pF). In some applications (O/A deglitcher, AID 
converter) the gain error can be adjusted elsewhere in the 
system. while in other applications it must be adjusted at the 
sample-and·hold. The two circuits shown below demon· 
strate how to adjust gain error at the sample-and·hold. 

The recommended procedure for adjusting gain error is: 

1. Perform offset adjustment. 

2. Apply the nominal input voltage that should produce a 
+10Voutput. 

3. Adjust the trim pot for +10V output in the hold mode. 

4. Apply the nominal input voltage that should produce a 
·10Voutput. 

5. Measure the output hold voltage (V'10NOMINAL)' Adjust the 
trim pot for an output hold voltage of 

(V-10NOMINAL) + (·10V) 

2 

4·9 

RF 

INPUT IV 

..nn.. -

O.002RF 

iIH 
CONTROL 

OUTPUT 
OUT I-...... ~~) 

-RF 
NOTE: GAIN - AI 

FIGURE 12. INVERTING CONFIGURATION 

INPUT 
+IN 

-IN 

RF 

OUTPUT 

iIH 
CONTROL 

OUT .......... -fo) 

ilHCONTROL 
INPUT RF 
..nn.. NOTE: GAIN - 1 + AI 

FIGURE 13. NON·INVERTING CONFIGURATION 



HA2420, HA2425 

Acquisition Times (CH = 1000pF) ~ ------. 4V 
SJH SAMPLE HOLD 

CONTROL ____ OV 

~H SJH 
5V 5V 

OV 

/ ~ 
II ~\ 

J \ 
/ 

V OV 
\ 

2V lfl8 2V ~S 

FIGURE 14. -10V TO OV FIGURE 15. +1 OV TO OV 

I 
5V 5V 

~H ~H 

OV I 

OV , 
5~mv lflS 500mV lflS 

FIGURE 16. -1VTOOV FIGURE 17. +1V TO OV 

5V SV 

o 

OV 

50mV 500ns 50mV 500ns 

FIGURE 18. -1 OOmV TO OV FIGURE 19. +100mV TO OV 
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HA-2420, HA-2425 

Applications 
CONTROL 

100Kn 
OFFSET TRIM 

(±25mV RANGE) 

+--+-.... -OUT 

FIGURE 20. BASIC SAMPLE-AND-HOLD (TOP VIEW) 

CONTROL 

OUT 

_-IN 
, 
~+IN 
$ 
~ 
~V-

FIGURE 21. GUARD RING LAYOUT (BOTTOM VIEW) 

NOTES: 

1. Figure 20 shows a typical unity gain circuit, with Offset Zeroing. 
All of the other normal op amp feedback configurations may be 
used with the HA-242012425. The input amplifier may be used as 
a gated amplifier by utilizing Pin 11 as the output. This amplifier 
has excellent drive capabilities along with exceptionally low 
switch leakage. 

2. The method used to reduce leakage paths on the P.C. board and 
the device package is shown in Figure 21. This guard ring is rec
ommended to minimize the drift during hold mode. 

3. The holding capacitor should have extremely high insulation 
resistance and low dielectric absorption. Polystyrene (below 
+85°C), Teflon, or Parlene types are recommended. 

For more applications, consult Harris Application Note 517, or fac
tory applications group. 

Glossary of Terms 
Acquisition Time 

The time required following a ·sample" command, for the 
output to reach its final value within ±O.1 % or ±O.01 %. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

Aperture Time 

The time required for the sample-and-hold switch to open, 
Independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 

Effective Aperture Delay Time (EADT) 

The difference between the digital delay time from the Hold 
command to the opening of the SIH switch, and the propaga
tion time from the analog input to the switch. 

EADT may be positive, negative or zero. If zero, the 8tH 
amplifier will output a voltage equal to VIN at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of VIN that occurred before the Hold 
command. 

Aperture Uncertainty 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncertain
ty, Aperture Time Jitter, etc.) sets a limit on the accuracy with 
which a waveform can be reconstructed from sample data. 

Drift Current 

The net leakage current from the hold capacitor during i~e 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

fN 
10 (pA) = CH (pF) x AT (Vis) 
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Features 
• Gain, DC ••••••••••••••••••••••••••••• 2 x 10' VN 

• Aqulsltlon TIme ••••••••••••••••••••• 1.0IJ.s (0.01%) 

• Droop Rate ••••••••••••••••••••• 0.08I1VJI1S (+25°C) 
1711VJI1S (Full Temperature) 

• Aperture TIme ••••••••••••••••••••••••••••• 25ns 

• Hold Step Error (See Glossary) •••••••••••••• 1.0mV 

• Internal Hold Capacitor 

• Fully Differential Input 

• TTL Compatible 

Applications 
• Precision Data Acquisition Systems 

• Digital to Analog Converter Deglltcher 

• Auto Zero Clrculta 

• Peak Detector 

Pinouts 

OFFSET ADJUST 3 

OFFSET ADJUST 4 

SlG. GND 8 

OUTPUT 7 

HA-5320 
(PDIP, CDIP) 
TOP VIEW 

4 iIH CONTROL 

3 SUPPLYGND 

1 EXTERNAL 
HOLD CAP. 

INTEGRATOR 
BANDWIDTH 

HA-5320 
High Speed Precision Monolithic 

Sample and Hold Amplifier 

Description 
The HA·5320 was designed for use in precision, high speed 
data acquisition systems. 

The circuit consists of an input transconductance amplifier 
capable of providing large amounts of charging current, a 
low leakage analog switch, and an output integrating 
amplifier. The analog switch sees virtual ground as its load; 
therefore, charge Injection on the hold capacitor is constant 
over the entire inpuVoulput voltage range. The pedestal 
voltage resulting from this charge injection can be adjusted 
to zero by use of the offset adjust inputs. The device 
includes a hold capacitor. However, if improved droop rate is 
required at the expense of acquisition time, additional hold 
capacitance may be added externally. 

This monolithic device is manufactured using the Harris 
Dielectric Isolation Process, minimizing stray capacitance 
and eliminating SeR's. This allows higher speed and latch
free operation. For further information, please see 
Application Note 538. The Mil-Std-883 data sheet for this 
device is available on request. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HA1-532Q-2 -SSoC to + 12SoC 14 Lead Ceramic DIP 

HA1-S320-S OOCto +7SOC 14 Lead Ceramic DIP 

HA3-S320-S OOCto+7SOC 14 Lead Plastic DIP 

HA9P532Q-S OOCto+7SOC 16 Lead Wide Body SOIC 

HA9P532Q-9 -400c to +85"C 16 Lead Wide Body SOIC 

HA-S320 
(300 mil SOIC) 

TOP VIEW 

OFFSET ADJUST 3 

OFFSET ADJUST 4 

V- 5 

OUTPUT 7 

8 iIH CONTROL 

11 V+ 

10 :r.m&!J~~R 

CAUTION: These devices are sensHIII8 to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2857.1 
Copyrlght@Harris Corporation 1993 
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Specifications HA-5320 

Absolute Maximum Ratings (Note 1) 

Supply Voltage •.•.•••••••••••••••••..•••••••••.•••.• 40V 
Differential Input Voltage ••••••••••••••••••••••••••.•••• 24V 
Digital Input Voltage ••••••••••••••••••••••••••••• • +BV, -15V 
Output Current, Continuous (Note 2) •••.••.•••.•.....•..• ±20mA 
Junction Temperature ••••••••••••••••••••••••••••.• + 175°C 
Junction Temperature (Plastic Package) ••••.•••••••••• +150"0 
Lead Temperature (Soldering 10 Sec.) .•..••.•..•....•. +300"C 

Operating Conditions 
Operating Temperature Range 

HA-5320-2 .•••.•.••••••.•••••..••••.. -550C STAS +1250C 
HA-5320-5 •.••••.•••••••••••••.••...•.• ooc S TA S +75°C 
HA-532Q-9 ••••.•••••••••••••••••••.... -4O"C S TA S +85°C 

Recommended Supply Voltage Range (Note 13) •.• ±13.5V to ±20V 
Storage Temperature Renge .•••••••.•••.•• -65°C S TA S + 150°C 

CAUTION: Stressss above thosB listed In "Absc/ute Maximum Ratings" may cause permanent demage 10 Ihs device. This Is a stress only rallng and operation 
of the davies at Ihsss or any olhsr conditions above Ihoss indicated In Ihs operational S8CIions of this specification Is not /mpHsd. 

Electrical Specifications VSUPPLY = ±15.0V; cH = Internal; Digital Input: V1L = +O.8V (Semple), V1H = +2.0V (Hold), 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified 

HA-532D-21-9 HA-532D-5 

PARAMETER TEMPERATURE MIN TYP MAX MIN TYP MAX 

INPUT CHARACTERISTICS 

Input Voltage Range Full ±10 - - ±10 - -
Input Resistance +25"C 1 5 - 1 5 -
Input Capacitance +25"C - - 3 - - 3 

Offset Voltage +25"C - 0.2 - - 0.5 -
Full - - 2.0 - - 1.5 

Bias Current +25"C - 70 200 - 100 300 

Full - - 200 - - 300 

Offset Current +25OC - 30 100 - 30 300 

Full - - 100 - - 300 

Common Mode Range Full ±10 . - ±10 - -
CMRR (Note 3) +25"C 80 90 - 72 90 -
Offset Voltage T.C. Full - 5 15 - 5 20 

TRANSFER CHARACTERISTICS 

Gain, D.C. (Note 12) +25OC 10' 2xlo' - 3x lOS 2x 106 -
Gain Bandwidth Product (Av = +1) (Note 5) +25OC 

CH = l00pF - - 2.0 - - 2.0 -
CH = l000pF - - 0.18 - - 0.18 -

OUTPUT CHARACTERISTICS 

Output Voltage Full ±10 - - ±10 - . 
Output Current +25"C ±10 - - ±10 - -
Full Power Bandwidth (Note 4) +25OC - 600 - - 600 -
Output Resistance (Hold Mede) +25OC - 1.0 - - 1.0 -
Total Output Noise, D.C. to 10MHz 

Sample +25OC - 125 200 - 125 200 

Hold +25OC - 125 200 - 125 200 

TRANSIENT RESPONSE 

Rise lime (Note 5) +25°C - 100 - - 100 -
Overshoot (Note 5) +25"C - 15 - - 15 -
Slew Rete (Note 6) +25"C - 45 - - 45 -
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Specifications HA-5320 

Electrical Specifications VSUPPLY = ±15.0V; CH = Internal; Digital Input: V1L = +O.SV (Sample), V1H = +2.0V (Hold), 
Unity Gain Configuration (OUtput tied to -Input), Unless Otherwise Specified (Continued) 

HA-532o-~-9 HA-5321l-5 

PARAMETER TEMPERATURE MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), V1H Full 2.0 - - 2.0 - - V 

Input Voltage (Low), V1L Full - - O.S - - O.S V 

Input Current (VIL = OV) +25"C - - 4 - - 4 I1A 

Full - - 10 - - 10 J1A 
Input Current (VIH = +5V) Full - - 0.1 - - 0.1 J1A 
SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time to 0.1 % (Note 7) +25OC - O.S 1.2 - O.S 1.2 I1S 

Acquisition Time to 0.01% (Note 7) +25"C - 1.0 1.5 - 1.0 1.5 I1S 

Aperture Time (Note S) +25°C - 25 - - 25 - ns 

Effective Apertura Delay TIITI8 (See Glossary) +25"C -50 -25 0 -50 -25 0 ns 

Aperture Uncertainty +25°C - 0.3 - - 0.3 - ns 

Droop Rate +25°C - O.OS 0.5 - 0.08 0.5 11V111S 

Full - 17 100 - 1.2 100 I1V/I1S 

Drift Current (Note 9) +25°C - S 50 - S 50 pA 

Full - 1.7 10 - 0.12 10 nA 

Charge Transfer (Note 9) +25°C - 0.1 0.5 - 0;1 0.5 pC 

Hold Step Error (Note 9) +25°C - 1 5 - 1 5 mV 

Hold Mode Settling Time 0.01% Full - 165 350 - 165 350 ns 

Hold Mode Feedthrough (10Vp.p, 100kHz) Full - 2 - - 2 - mV 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current (Note 10) +25°C - 11 13 - 11 13 rnA 

Negative Supply Current (Note 10) +25°C - -11 -13 - -11 -13 rnA 

Supply Voltage Range (Note 13) ±13.5 - ±20 ±13.5 - ±20 V 

Power Supply Rejection (Note 11) 

V+ Full SO - - SO - - dB 

V- Full 65 - - 65 - - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond S. DeriVed from computer simulation only; not tested. 
which the serviceability of the circuit may be Impaired. Functional operation 9. V1N = OV, V1H = +3.5V, Ifl < 20ns (V1L to V1H). 
under any of these conditions Is not necessarily implied. 

2. Internal Power Dissipation may limit Output Current below 20mA. 

3. VCM = ±5VOC. 

4. Vo = 20Vp•p; RL = 2kn; CL = 5OpF; unattenuated output. 

5. Vo = 2oomVp•p; RL = 2kn; CL = 50pF. 

6. Vo = 20V Step; RL = 2kn; CL = 5OpF. 

7. Vo = 10V Step; RL = 2kn; CL = 5OpF. 
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10. Specified for a zero differential Input voltage between 
+IN and -IN. Supply current will increase with 
differential input (as may occur In the Hold mode) to 
approximately ±46mA at 20V. 

11. Based on a one volt delta in each supply, i.e. 15V 
±O.5VDC. 

12. RL = lkn, CL = 30pF. 

13. Specification based on a one time characterization. 
This parameter is not guaranteed. 



HA·5320 

Functional Diagram 

Applying the HA·5320 
The HA-5320 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See the 
Harris Application Note 517 for a collection of circuit ideas. 

Layout 

A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.11LF. 
ceramic) should be provided from each power supply termi
nal to the Supply Ground terminal on pin 13. 

The ideal ground connections are pin 6 (SIG. Ground) 
directly to the system Signal Ground, and pin 13 (Supply 
Ground) directly to the system Supply Common. 

Hold Capacitor 

The HA-5320 includes a l00pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 

OFFSET 10Kn -15V +15V 
ADJUST 

±1SmV 

Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-offs 
as shown in the Performance Curves. 

If an external hold capaCitor CHEXT is used, then a noise 
bandwidth capacitor of value 0.1 CHEXT should be connected 
from pin 8 to ground. Exact value and type are not critical. 

The hold capacitor CHEXT should have high insulation resis
tance and low dielectric absorption, to minimize droop 
errors. Polystyrene dielectric is a good choice for operating 
temperatures up to +850C. Teflon@ and glass dielectrics 
offer good performance to +125°C and above. 

The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and "guarded" by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 

@Teflon is a registered Trademark of Dupont Corporation. 

Applications 
Figure 1 shows the HA-5320 connected as a unity gain non
inverting amplifier - its most widely used configuration. As an 
input device for a fast successive - approximation AID 
converter, it offers very high throughput rate for a monolithic 
IC sample/hold amplifier. Also, the HA-5320's hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12 bit accurate output from the converter. 

The application may call for an external hold capacitor CHEXT 
as shown. As mentioned earlier, O.lCHEXT is then recom
mended at pin 8 to reduce output noise in the Hold mode. 

The HA-5320 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an AID conversion are absorbed 
at the SIH output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 

~-------I ~-----------; 
11 CtiEXT : 

HI-574A 

, , 
: 

VIN __ -=2-1--1 
, 

7 ' 13 > .... -~--4>-+----I INPUT 

SiH CONTROL __ ~1...;.4-1-__ -I 

H 

y-\,. 

CONVERT 

x:......r , 
8 : 5 

L---------~--I ~~--r_--~'----------------~ ~ * O.1CHEXT 

13 6 

II 

SYSTEM POWER ..... S-Y-ST-E-M-Sl-G-N-AL--------I ~~~';.?o~ 
GROUND GROUND 

FIGURE 1. TYPICAL HA-5320 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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HA-5320 

Test Circuits 

1 -INPUT 

r-------!.I2 +INPUT 

OUTPUTI-I-7--4~~t)1 Vo 

• 'SlIt 
CONTROL 

INPUT 
14 Sill CONTROL 

NC 

NC 

HA-5320 

(~.'00pF) 

FIGURE 2. CHARGE TRANSFER AND DRIFT CURRENT 

Sill CONTROL 

Vo 

Vp 

NOTES: 

1. Observe the "hold step' voltage Vp 

2. Compute charge transfer: Q = VpCH 

----. -. HOLD (+3.SV) 

SAMPLE(OV) 

FIGURE 3. CHARGE TRANSFER TEST 

ANALOG 
MUXOR 
SWITCH 

10Vp.p 
100kHz 

SINE WAVE ~-L~~o-r-r---,2 +IN 
14 Sill CONTROL 

SUPPLY ~ 

SiIICONmOLo-___ -4 ____ ~ 
INPUT 

SUWLY NC 
COMMON 

NOTES: 

1. Observe the voltage "droop', AVdAT 
2. Measure the slope of the output during hold, AVdAT, and com

pute drift current: 10 = CH AVdAT. 

FIGURE 4. DRIFT CURRENT TEST 

OUT .. 7:"-"-'fo1 

TO NC 
SIGNAL 

GND 

NOTE: 

1. Feedthrough In 
VOUT 

dB = 20Iog-- where: 
VIN 

Your = VollSp.p, Hold Mode, 
VIN = VollSp.p 

FIGURE 5. HOLD MODE FEED THROUGH ATTENUATION 
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HA-5320 

Typical Performance Curves 

~1~--------~~~----~-'~--------~ 

SAMPLE-T().HOLO OFFSET 
(HOLO STEP) ERROR, (mY) 
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,.,,4 t" 
., ... -. ..... 

100 1000 10K 100K -25 0 +26 +50 +75 +100 
CH VALUE (pF) TEMPERATURE ("C) 

FIGURE 6. TYPICAL SAMPLE AND HOLD PERFORMANCE AS 
A FUNCTION OF HOLDING CAPACITOR 

FIGURE 7. DRIFT CURRENTv8 TEMPERATURE 
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FIGURE 8. OPEN LOOP GAIN AND PHASE RESPONSE 

2.0 

HOLD STEP VOLTAGE (my) 

CH-100pF 

~ 

'" 
+75"C 
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!. 1.5 
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! 
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1.0 Ctl .. 100pF +25°C 

~ 
~ 1.0 
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~ 0.5 
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FIGURE 9. TYPICAL SAMPLE-TO-HOLD OFFSET (HOLD STEP) ERROR 
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HA-5320· 

Glossary of Terms 

Acquisition Time 

The time required following a "sample" command, for the 
output to reach its final value within ±O.1 % or ±O.01 %. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

Charge Transfer 

The small charge transferred to the holding capacitor from 
the inter-electrode capacitance of the switch when the unit is 
switched to the HOLD mode. Charge transfer is directly 
proportional to sample-to-hold offset pedestal error, where: 

Charge Transfer (pC) = CH (pF) x Hold Step Error (V) 

Aperture Time 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is the interval 
between the conditions of 10% open and 90% open. 

Hold Step Error 

Hold Step Error is the output error due to Charge Transfer 
(see above). It may be calculated from the specifiedparam
eter, Charge Transfer, using the following relationship: 

Hold Step (V) = Charge Transfer (pC) 
Hold Capacitance (pF) 

See Performance Curves. 

Effective Aperture Delay Time (EADT) 

The difference between the digital delay time from the Hold 
command to the opening of the SlH switch, and the propaga
tion time from the analog Input to the switch. 

EADT may be positive, negative or zero. If zero, the 8JH 
amplifier will output a voltage equal to V1N at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of VIN that occurred before the Hold 
command. 

Aperture Uncertainty 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncer
tainty, Aperture Time Jitter, etc.) sets a limit on the accuracy 
with which a waveform can be reconstructed from sample 
data. 

Drift Current 

The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

AV 
10 (pA) = CH(pF) x AT (VIs) 

Die Characteristics 

Transistor Count. .. • . .. .. . . .. . . . .. . .. .. . .. . . ... 175 
Die Dimensions ••••.............. 90.2 x 143.7 x 19 mils 
Substrate Potential ......••..•.•..•..•..•••. -VSUPPLY 

Process .•••..•.••......•..•.•..•..••..•. Bipolar 01 

Thermal Constants (lCIW) aJA aJC 
Ceramic DIP ................... 70 13 
Plastic DIP ..................... 85 
SOIC .•••...•.•••.•••..•.••.•. 95 

23 
26 
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Features 

• Very Fast Acquisition •••• 500ns (0.1%) 650ns (0.01%) 

• Low Droop Rate ••.•••••••••••••••.••••• 0.01).LVI).Ls 

• Very Low Offset ••.••.•.••....•.•....•.•.•. 0.2mV 

• High Slew Rate •••••••••••••••••••••.••••• 90Vl).Ls 

• Wide Supply Range .................... ±10V to ±20V 

• Internal Hold Capacitor 

• Fully Differential Input 

• lTUCMOS Compatible 

Applications 

• Precision Data Acquisition Systems 

• D/A Converter Deglitching 

• Auto·Zero Circuits 

• Peak Detectors 
/ 

/ 

Pinout 

OFFSET ADJ. 3 

OFFSET ADJ. 4 

OUTPUT 7 

HA·5330 
(PDlP, CDIP) 
TOP VIEW 

2 SIGNALGND 

1 SUPPLYGND 

8 SiH CONTROL 

HA-5330 
Very High Speed Precision 

Monolithic Sample and Hold Amplifier 

Description 
The HA-5330 is a very fast sample and hold amplifier designed 
primarily for use with high speed AID converters. It utilizes the 
Harris Dielectric Isolation process to achieve a 650ns acquisition 
time to 12 bH accuracy and a droop rate of O.01).LV/J.LS. The circuH 
consists of an input transconductance amplifier capable of pro
ducing large amounts of charging current, a low leakage analog 
swHch, and an integrating output stage which includes a 90pF 
hold capacitor. 

The analog switch operates into a virtual ground, so charge injec
tion on the hold capacHor is constant and independent of VIN' 
Charge njection is held to a low value by compensation circuits 
and, if necessary, the resulting O.5mV hold step error can be 
adjusted to zero via the Offset Adjust terminals. Compensation is 
also used to minimize leakage currents which cause voHage 
droop in the Hold mode. 

The HA-5330 will operate at reduced supply voltages (to ±10V) 
with a reduced signal range. The MIL-STD-883 data sheet for 
this device is available on request. 

OrderinglnfortnaUon 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HA1-5330·2 -55°C to +125°C 14 Lead Ceramic DIP 

HA1-5330-4 -25OC to +85OC 14 Lead Ceramic DIP 

HA1-5330-5 O°Cto +75OC 14 Lead Ceramic DIP 

HA3-5330-5 OOClo +75°C 14 Lead Plastic DIP 

Functional Diagratn 

OFFSET 
ADJUST v+ ,.........A-.. 

3 4 9 

HA.Q30 90pF 

·IN 
7 

+IN 
OUT 

SiH 8 
CONTROL 

5 12 

SUPPLY v· SIGNAL 
GND GND 

CAUTION: These d8llices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2858.1 
Copyright @ Harris Corporation 1993 
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Specifications HA-5330 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage between v+ and SUPPLYISIG GND •.•••.•••••••• +20V Operating Temperature Range 
Voltage between V- and SUPPLYISIG GND •••••••••••••••• -20V HA-5330·2 ••••••••••••.•.•••••••••••• ·55"C S TA S +125°C 
Voltage between SUPPLY GND and SIG GND •.•••••••••.•• ±2.0V HA-5330-4 ••••••••••••••••••••••••••.• -2SOC S TA S +85°C 
Voltage between SiH Control and SUPPLYISIG GND ••••• ..aV, ·fN HA-533O·5 ••••••••••••••.•••••••••••••• ooC S TA S +750C 
Differential Input Voltage ••••••••••••••••••••••••••••••• 24V Storage Temperature Range ••••••.•.••.•••• -65"C S TA S 1500C 
Output Current, Continuous (Note 2) ••••.••••••.•.•.•..•. ±17rnA Supply Voltage Range (TYP) ••.•.•....••.•••••.•.. ±10V to ±2OV 
Junction Temperature (Nota 13). • • • • • • • • • • • . • . • • • • • • • + 175°C 
Junction Temperature (Plastic Package) •••.••••..•.•.• +15OOC 
Lead Temperature (Soldering 10 Sec.). . . . • . . . • • . . • • . . • +3OOOC 

CAI.IT7ON: SIressBs abow thoss //sted In "Absolute MaxImum Ratings" may cause permanent damage It> the davk». This is a stress only f8t1ng and op8f8llon 
of /he davies at /hess or any other conditions &bow thoss indicated In /he opIlf8t1ona/ ssctIons of this sp«:lflcation is not ImpNed. 

Electrical Specifications VSUPPLY = ±15V; SiH Control V1L = +O.BV (Sample): V1H = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to ·Input), Unless Otherwise Specified 

HA-5330-2, -4 HA-5330-5 

PARAMETER TEMPERATURE MIN TVP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Input Voltage Range Full ±10 - - ±10 - - V 

Input Resistance (Note 3) +25OC 5 15 - 5 15 - MO 

Input Capacitance +2SOC - 3 - - 3 - pF 

Offset Voltage +2SOC - 0.2 - - 0.2 - mV 

Full - - 2.0 - - 1.5 mV 

Offset Voltage Temperature Coefficient Full - 1 10 - 1 10 J1.Vt>C 

Bias Current +2SOC - ±20 - - ±20 - nA 

Full - - ±500 - - ±3oo nA 

Offset Current +2SOC - 20 - - 20 - nA 

Full - - 500 - - 300 nA 

Common Mode Range Full ±10 - - ±10 - - V 

CMRR (Note 4) Full 86 100 - 86 100 - dB 

TRANSFER CHARACTERISTICS 

Gain, DC Full 2x 10& 2x 107 - 2x 10& 2x 107 - VN 

Gain Bandwidth Product (Note 12) +25°C - 4.5 - - 4.5 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Full ±10 - - ±10 - - V 

Output Current Full ±10 - - ±10 - - rnA 

Full Power Bandwidth (Note 6) +25°C - 1.4 - - 1.4 - MHz 

Output Resistance 

Hold Mode +2SOC · 0.2 - - 0.2 - n 
Sample Mode +25°C · 10-6 0.001 - 10-6 0.001 0 

Total Output Noise, DC to 4.OMHz 

Sample Mode +2SOC · 230 - - 230 - J1.VRMS 

Hold Mode +25°C - 190 - - 190 - J1.VRMS 

TRANSIENT RESPONSE 

Rise Time (Note 5) +2SOC - 70 - - 70 - ns 

Overshoot (Note 5) +2SOC - 10 - - 10 - 0/0 

Slew Rate (Note 7) +25"C · 90 - - 90 - VlJ1S 
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Specifications HA-5330 

Electrical Specifications VSUPPlY = ±15V; SiH Control VIL = +O.BV (Sample): VIH = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (0Utpu1 tied to -lnpu1), Unless Otherwise Specified (Continued) 

HA-5330-2, -4 HA-5330-5 

PARAMETER TEMPERATURE MIN TYP MAX MIN TVP MAX UNITS 

DIGITAL INPUT CHARACTERISTICS 

Inpu1 Voltage (High), VIH Full 2.0 - - 2.0 - - V 

Inpu1 Voltage (Low), VIL Full - - O.B - - O.B V 

Inpu1 Current (VIL = OV) Full - 10 40 - 10 40 IIA 
Inpu1 Current (VIH = +5V) Full - 10 40 - 10 40 IIA 
SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time (Note B) 

(0.1%) +25"0 - 500 - - 500 · ns 

Full · · 700 · - 700 ns 

(0.01%) +25"C · 650 · · 650 · ns 

Full · · 900 - . 900 ns 

Aperture Time (Note 3) +25OC - 20 · - 20 · ns 

Effective Aperture Delay Time (See Glossary) +25°C -50 ·25 0 -50 ·25 0 ns 

Aperture Uncertainty +25°C · 0.1 · · 0.1 · ns 

Droop Rate (Note 9) +25"C · 0.01 · · 0.01 · "VIlIS 

Full · · 100 · . 10 "VIlIS 

Hold Step Error (Note 10) +25OC · 0.5 · · 0.5 · mV 

Hold Mode Settling Time (0.01%) +25°C · 100 200 · 100 200 ns 

Hold Mode Feedthru 20Vp.p, 100kHz Full · -BB · - -BB - dB 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current Full · lB 22 · lB 24 rnA 

Negative Supply Current Full · 19 23 · 19 25 rnA 

Power Supply Rejection, V+, V· (Note 11) Full B6 100 · B6 100 · dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which serviceability of the circuit may be Impaired. Functional 
operation under any of these conditions is not necessarily Implied. 

2. Intemal Power Dissipation may limit Output Current below ±17mA. 

3. Derived from computer simulation only; not tested. 

4. +VCM = ±10V DC. 
5. VI = 200mV Step; RL = 2K; CL = 50pF • 

6. Full power bandwidth based on slew rate measurement using: 
due to slew rate enhancement circuitry. 

7. Vo = 20V Step; RL = 21<0; CL = 5OpF. 

B. Vo = 10V Step; ~ = 2kn; CL = SOpF. 

FPBW = :18: Rate • Distortion of wave shape occurs beyond 100KHz 
II: PEAK 

9. This parameter is measured at ambient temperature extremes In a high speed test environment. Consequently, steady state heating 
effects from Intemal power dissipation are not Included. 

10. VIN = OV; VIH = +3.5V; ~ = 22ns (VIL to VIH). See graph. 

11. Based on a three volt delta in each supply, I.e. 15V=±1.5V DC. 

12. VOUT = 20OmVp.p, ~ = 2kn, CL = 5OpF. 

13. Maximum power dissipation, Including outpu1load, must be designed to malntein the Junction temperature below +175"0 for the ceramic 
package, and below + l5O"C for the plastic package 
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Applying the HA-5330 
The HA-5330 has the uncommitted differential inputs of an 
op amp, allowing the Sample/Hold function to be combined 
with many conwntional op amp circuit ideas. See the Harris 
Application Note 517 for a collection of circuit ideas. 

Layout 

A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (O.011lF to 0.11lF. 
ceramic) should be provided from each power supply 
terminal to the Supply GND Terminal on pin 11. 

Applications 
The HA-5330 is configured as a unity gain noninwrting 
amplifier by simply connecting the output (pin 7) to the 
inverting input (pin 14). As an input device for a fast succes
sive - approximation AID converter, it offers an extremely 
high throughput rate. Also, the HA-5330's pedestal error is 
adjustable to zero by using an Offset Adjust potentiometer 
(10K to 50K) center tapped to V-. 

FIGURE 1_ HA-5330 OFFSET ADJUST 

The ideal ground connections are pin 11 (Supply Ground) 
directly to the system Supply Common, and pin 12 (Signal 
Ground) directly to the system Signal Ground (Analog 
Ground). 

Hold C8pacHor 

The HA-5330 includes a 90pF MOS hold capacitor, sufficient 
for most high speed applications (the Electrical Specifica
tions section is based on the internal capacitor). 

MAGNITUDE 
40 

.... ~ 

PHASE ~ 
..... 

..... ~~ ~I~~PUIE~\ 
11111111 r'l" 

11111111 II~ 
±:~~ ~~r.PUIE~ 

180 

1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

FIGURE 2_ MAGNITUDE AND PHASE RESPONSE 
(CLOSED LOOP GAIN = 100) 

Output Stage 

The HA-5330 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes In load 

current which occur during an AID conversion are absorbed 
at the 8JH output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output Is not 
designed to tolerate a short of indefinite duration. 

Glossary of Terms 
Acquisition Time 

The time required following a "sample" command, for the 
output to reach its final value within ±C. 1 % or ±C.01 %. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

Aperture Time 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driwr and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 100/0 open and 90% open. 

Hold Step Error 

Hold step error is the output shift due to charge transfer from 
the sample to the hold mode. It Is also referred to as ·offset 
step" or ·pedestal error". 

~ 3.0 

2.0 I 
A. 1.0 

Iii 0.0 

9 -1.0 

i .z.o 

\ 
\ 
"'-' 

20 40 so 80 100 
RISE TIME (na) OV TO 3.SV 

FIGURE 3. HOLD STEP ERROR vs iJH CONTROL RISE TIME 

Effective Aperture Delay Time (EADT) 

The difference between the digJ!.a1 delay time from the Hold 
command to the opening of the SlH switch, and the propaga
tion time from the analog input to the switch. 

EADT may be posltiw, negative or zero. If zero, the 8/H 
amplifier will output a voltage equal to VIN at the instant the 
Hold command was receiwd. For negatiw EADT, the output 
In Hold (exclusiw of pedestal and droop errors) will 
correspond to a value of VIN that occurred before the Hold 
command. 

Aperture Uncertainty 

The range of variation .in Effectiw Aperture Delay Time . 
Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a wawform can be reconstructed from 
sample data. 

Ole Characteristics 
Transistor Count .•...•.•..••••.•.••••.•••.•...• 205 
Die Dimensions ...•••....•.••••••••• 99 x 166 x 19 mils 
Substrate Potential .•...•..•...•.••.•..•..•. SIG GND 
Process ..•..•...•.........••..•..•..•..• Bipolar 01 
Thermal Constants (OCIW) 6JA 6JC 

Ceramic DiP •••...••..•...••... 70 13 
Plastic DIP ...•••••..•.••••.•.•. 85 23 

4-22 



March 1993 

Features 

• Fast Acquisition Time (0.01%) ••••••••••••••• 700ns 

• Fast Hold Mode Settling Time (0.01%) ••••••••• 20Ons 

• Low Distortion (Hold Mode) •••••••••••••••• -72dBc 
(VIN = 200kHz, Fs = 450kHz, 5Vp.p) 

• Bandwidth Minimally Affected By External CH 

• Fully Differential Analog Inputs 

• Built-In 135pF Hold Capacitor 

• Pin Compatible with HA-5320 

Applications 

• High Bandwidth Precision Data Acquisition Systems 

• Inertial Navigation and Guidance Systems 

• Ultrasonics 

• SONAR 

• RADAR 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HA1-5340·5 ooC10 +75OC 14 Lead Ceramic DIP 

HA1-5340·9 -4OOC 10 +85°C 14 Lead Ceramic DIP 

HA3·5340·5 ooClo +75OC 14 Lead Plastic DIP 

HA3·5340·9 -40·C 10 +85OC 14 Lead Plastic DIP 

HA9P534()'5 O·Clo +75°C 16 Lead Wide Body SOIC 

Pinouts 
HA-5340 

(PDIP, CDIP) 
TOP VIEW 

OFFSET ADJ. 3 

OFFSET ADJ. 4 

OUTPUT 7 

4 SiH CONTROL 

3 SUPPLYGND 

2 NC 

11 ~~I~R~ti. 

HA-5340 
High Speed, Low Distortion, Precision 
Monolithic Sample and Hold Amplifier 

Description 
The HA-5340 combines the advantages of two sample/ hold 
architectures to create a new generation of monolithic 
samplelhold. High amplitude. high frequency signals can be 
sampled with very low distortion being introduced. The 
combination of exceptionally fast acquiSition time and 
specified/characterized hold mode distortion is an industry 
first. Additionally. the AC performance is only minimally 
affected by additional hold capacitance. 

To achieve this level of performance. the benefits of an 
integrating output stage have been combined with the 
advantages of a buffered hold capacitor. To the user this 
translates to a front-end stage that has high bandwidth due 
to charging only a small capacitive load and an output stage 
with constant pedestal error which can be nulled out using 
the offset adjust pins. Since the performance penalty for 
additional hold capacitance is low. the designer can further 
minimize pedestal error and droop rate without sacrificing 
speed. 

Low distortion. fast acquisition. and low droop rate are the 
result. making the HA-5340 the obvious choice for high 
speed. high accuracy sampling systems. 

For a Military temperature range version requesl the 
HA-5340/883 data sheet. 

HA-5340 
(300 mil SOIC) 

TOP VIEW 

OFFSET ADJ. 3 

OFFSET ADJ. 4 

SIG.GND 7 

16 SiH CONTROL 

CAUTION: These devices are sensHiva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2859.1 
Copyright © Harris Corporation 1993 
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Specifications HA-5340 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V· Terminals .................... 36V 
Differential Input Voltage ............................... 24V 
Digital Input Voltage ••.•.•••.••.•.•...••••..••.••.. +BV, -6V 
Output Current, Continuous •..•••.••..•.....•.•.•....•.• ±20mA 
Junction Temperature (Note 5) .••••.••.•.••••.•.•..•• +175°C 
Junction Temperature (Plastic Package) •.•..•••...•..• +15O"C 
Lead Temperature (Soldering 10 Sec.) ..•.•..•....••••. +3oooC 

Operating Conditions 
Operating Temperature Range 

HA·5340·9 ............................ -4O"C S TA S +850C 
HA·5340·5 ............................. O"C S TA S +75°C 

Storage Temperature Range ••••••..•••••.. ·6500 S TA S + 15O"C 
Supply Voltage Range (TV!") •••••••••••••.•••••••• ±12V to ±18V 

CAUTION: SIT8sseS sboVfl Itros8 listed In "AbsolullJ MaxImum Ratings" may cause permenent damage to the d8vice. This is a stress only rating and operation 
of the device at thesa or any other conditions sboVflItros8 indicated in the operational sections of this specification Is not impUed. 

Electrical SpecHications VSUPPLY = ±15.0V; cH = Internal = 135pF; Digital Input VIL = +O.6V (Sample), VIH = +2.0V (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to ·Input), At. = 21<0, CL = 6OpF, Unless Otherwise Specified 

HA·5340-9 HA·534O-S 

PARAMETER TEMPERATURE MIN TVP MAX UNITS 

INPUT CHARACTERISTICS 

Input Voltage Range Full ·10 · +10 V 

Input Resistance (Note 2) +25°C · 1 · MQ 

Input Capacitance +25OC · · 3 pF 

Input Offset Voltage +25OC · · 1.5 mV 

Full · · 3.0 mV 

Offset Voltage Temperature Coefficient Full · · 30 !,Vf'C 

Bias Current +25°C · ±70 · nA 

Full · · ±350 nA 

Offset Current +25OC · ±50 · nA 

Full · · ±350 nA 

Common Mode Range Full ·10 · +10 V 

CMRR (±10 Vdc) (Note 3) +25OC · 83 · dB 

Full 72 - · dB 

TRANSFER CHARACTERISTICS 

Gain,DC +25°C 110 140 · dB 

Gain Bandwidth Product CH External = OpF Full · 10 · MHz 

CH External = 100pF Full · 9.6 · MHz 

CH Extemal = 1000pF Full · 6.7 · MHz 

TRANSIENT RESPONSE 

Rise Time (200mV step) +25°C · 20 30 ns 

Overshoot (200mV step) +25°C · 35 50 % 

Slew Rate (1 OV step) +25OC 40 60 · VII'S 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), VIH Full 2.0 · · V 

Input Voltage (Low), VIL Full · · 0.8 V 

Input Current VIL = OV, IlL Full · 7 40 !,A 

Input Current VIH = 5V, IIH Full · 4 40 I'A 
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Specifications HA-5340 

Electrical Specifications VSUI'PLY = ±15.0V; CH = Internal = 135pF; Digital Input: V1L = +<l.BV (Sample), V1H = +2.0'1 (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to ·Input), At. = 21<0, CL = 6OpF, Unless Otherwise Specified (Continued) 

HA-534G-9 HA·5340-5 

PARAMETER TEMPERATURE MIN TYP MAX UNITS 

OUTPUT CHARACTERISTICS 

Output Voltage Full ·10 . +10 V 

Output Current Full ·10 . +10 rnA 

Full Power Bandwidth (Slew Rate limited) (Note 4) Full 0.6 0.9 · MHz 

Output Resistance· Hold Mode +25°C · 0.05 0.1 n 

Full · 0.07 0.15 n 

TOTAL OUTPUT NOISE, D.C. TO 10MHz 

Sample Mode +25OC · 325 400 IIVRMS 

Hold Mode +25°C · 325 400 IIVRMS 

DISTORTION CHARACTERISTICS 

SAMPLE MODE 

Signal to Noise Ratio V1N = 200kHz (20Vp•p) Full · 115 · dB 
(RMS Signal to RMS noise) 

Total Harmonic Distortion V1N = 200kHz, 5Vp•p Full ·90 ·100 · dBc 

V1N = 200kHz, 10Vp.p Full ·76 -62 · dBc 

V1N = 200kHz, 20Vp•p Full ·70 ·74 · dBc 

V1N = 500kHz, 5Vp.p Full -66 ·75 · dBc 

Intermodulation Distortion V1N = 10Vp•p (11 = 20kHz, 12 = 21kHz) Full ·78 -83 · dBc 

HOLD MODE (50% Duty Cycle SIH) 

Signal to Noise Ratio (RMS Signal to RMS noise) 

Fs = 450kHz V1N = 200kHz, 5Vp•p +2500 · 76 · dB 

V1N = 200kHz, 10Vp.p +25OC · 76 · dB 

Total Harmonic Distortion 

Fs = 450kHz V1N = 200kHz, 5Vp•p +25°C · ·72 · dBc 

V1N = 200kHz, 10Vp.p +25OC · -66 · dBc 

V1N = 200kHz, 20Vp.p +25°C · ·56 · dBc 

Fs = 450kHz V1N = 100kHz, 5Vp.p +25°C · -84 · dBc 

V1N = 100kHz, 10Vp•p +25°C · ·71 · dBc 

V1N = 100kHz, 20Vp•p +25°C · -61 · dBc 

Fs = 21IN(Nyquist) V1N = 20kHz, 5Vp.p +25OC · ·95 · dBc 

V1N = 50kHz, 5Vp.p +25°C · ·91 · dBc 

V1N = 100kHz, 5Vp.p +25°C · -82 · dBc 

Intermodulation Distortion 

Fs=45OkHz V1N = 10Vp.p +25°C · ·79 · dBc 
(It = 20kHz, f2 = 21 kHz) 
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Specifications HA-5340 

Electrical Specifications VSUPPLY = ±15.0V; CH = Internal = 135pF; Digital Input: VIL = +O.8V (Sample), VIH = ~.OV (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to -Input), At. = 2kO, CL = 6OpF, Unless 0Iherwfse Specified (Continued) 

HA-5340-9 HA-5340-5 

PARAMETER TEMPERATURE MIN TYP MAX UNITS 

SAMPLEJHOLD CHARACTERISTICS 

Acquisition Time 10V Step to 0.01 % +25OC - 700 - ns 

Full - - 900 ns 

10V Step to 0.1% +25°C - 430 600 ns 

Droop Rate (CH = Internal) +25OC - 0.1 - 11V/1IS 

Full - - 95 11V/1IS 

Hold Step Error (VIL = OV, V1H = 4.0V, ~ = 5ns) +25°C - 15 - mV 

Hold Mode Settling Time (to ±1 mV) Full - 200 300 ns 

Hold Mode Feedthrough (20Vp•p, 200kHz, sine) Full - -76 - dB 

EADT (Effective Aperture Delay Time) ~5°C - -15 - ns 

Aperture Uncertainty +25°C - 0.2 - ns 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current Full - 19 25 rnA 

Negative Supply Current Full - 19 25 rnA 

PSRR (V or -V, 10% delta) Full 75 82 - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be impaired. Func-
tional operation under any of these conditions Is not necessarily Implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR Is measured from OV to +10V, -CMRR is measured from OV to -10V 

4. Based on the calculation FPBW = Slew Ratel2xVPEAK (VPEAI(= 10V). 

5. See Thermal Impedances In "Die Characteristics" section. Maximum power diSSipation must be designed to maintain the junction tem-
perature below + 175°C for the ceramic package, and below +1 SOOC for the plastic packages. 

Functional Diagram Die Characteristics 

CtioLD EXTERNAl 
Transistor Count. • • • • • • • • . • . • • • • • • • . • • . • . • • • • . • 196 

OFFSET (OP1l0NAL) Die Dimensions .••••••.•..•••••..••• 139 x 84 x 19 mils 
ADJUST ~----~ 1-----: Tie Substrate To •••.••.••.•..•••.•••••.••..••.•.• v-,........A--. , 
3 4 11 7 

Process ••......••••.•...•..•..•.••.•.••• Bipolar 01 

Thermal Constants fCIW) 9JA 9Jc 

...: 
I~ 

Ceramic DiP ••••••••.••••.••••• 70 13 
, .... Plastic DIP ••••••••••••••••••••• 85 23 

120pF SOIC •••••.•.••••••••••••••.•• 95 26 

-IN.,...!. 0 
I~ 

15pF 

+lNo-! 1- 7 OUT • I 
I 

iIH ..... I 
14 I 

CONTROL .... 

18 t f3 • 
S. =" ~!il ~!il 

Go" ~" = 1/1 ill 
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HA-5340 

Applying the HA-5340 

The HA-5340 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See the 
Harris Application Note 517 for a collection of circuit ideas. 

Layout 

A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (O.01I!F to O.11!F. 
ceramic) should be provided from each power supply termi· 
nal to the Supply Ground terminal on pin 13. 

The ideal ground connections are pin 6 (SIG. GND) directly 
to the system Signal Ground, and pin 13 (Supply Ground) 
directly to the system Supply Common. 

Hold Capacitor 

The HA-5340 includes a 135pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 
Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-ofts 
as shown in the Performance Curves. 

The hold capacitor CH should have high insulation 
resistance and low dielectric absorption, to minimize droop 
errors. Teflon@, polystyrene and polyprowlene dielectric 
capacitor types ofter good performance over the specified 
operating temperature range. 

-15V +15V 

The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and "guarded" by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 

@Teflon is a registered Trademark of Dupont Corporation. 

Applications 

Figure 1 shows the HA-5340 connected as a unity gain non· 
inverting amplifier· its most widely used configuration. As an 
input device for a fast successive· approximation AID 
converter, it offers very high throughput rate for a monolithic 
IC samplelhold amplifier. Also, the HA-5340's hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12 bit accurate output from the converter. 

The HA-5340 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an AID conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 

CH ····-1.······: 
HI-774 

SiH CONTROL -'-:~-I 

• • • • • • • > ..... 7'"+. -+_.:..;13, INPUT 

CONVERT 
DIGITAL 
OUTPUT 

~5 or 
L..-_-+_--1 >0----+-----:-----., R/ ... 

SYSTEM 
POWER 

GROUND 

t--------"""""-\ ~~~~O~ 

SYSTEM 
SIGNAL 

GROUND 
NOTE: Pin Numbers Reier to 

DIP Package Only. 

FIGURE 1. TYPICAL HA-5340 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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Test Circuits 

ilHCONTROL 

Vo 

NOTE: 

HA-5340 

-INPUT 

r-------=i2 +INPUT 

14 iIH CONTROL 

HA-5340 

OUTPUTI-l-7~~-+[)}VO 

NC 

(Ctt .135pF • INTERNAL) 

FIGURE 2. HOLD STEP ERROR AND DROOP RATE 

Vp 

_n_n. HOLD (+4.0Y) 

SAMPLE(Oy) 

""'''''''--' ,..........,.."",. HOLD (+4.0y) 
iIH CONTROL -I L-.I L....- SAMPLE (Oy) 

Vo ~ ~ __ ~ __ i_ AVo 

~ : ~----l-
, , T 

--l AT :--

NOTES: 

1. Observe the voltage "droop", !No/AT 

2. Measure the slope of the output during hold, AVo/AT 

1. Observe the 'hold step" voltage Vp 
3. Droop can be positive or negative· usuaDy to one rail or the other 

nottoGND 

20Vp.p 
200kHz 

SINE WAVE 

FIGURE 3. HOLD STEP ERROR 

ANALOG 
MUXOR 
SWITCH 

.... -1-_....:2 ... +IN 

ilHCONTROLo-___ ~---~ 
INPUT 

FIGURE 4. DROOP RATE TEST 

NOTE: 
1. Feedthrough in 

V~ VOUT 
OUT ~7:........o~k)} dB = 2010g-- where: VIN 

TO TO NC 
SUPPLY SIGNAL 

COMMON GND 

VOUT = Voltsp.p, Hold Mode, 
VIN = VoItsp.p 

FIGURE 5. HOLD MODE FEED THROUGH ATTENUATION 
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HA-5340 

Typical Performance Curves TA = +25"C,Vs = t15V, Unless Otherwise Specified 

SIll 
CONTROL 

~ :; 
w 
!c 
II: ... g 
II: 
Q 

S-
.§. 
II: 
0 
II: 
II: 
w ... 
w 
Iii 
9 
0 :z: 

Your 

FIGURE 6. TACQ POS 0 TO +10 STEP 
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........ 

6 .... +100"C ....... 
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o 
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........ 
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EXTERNAL HOLD CAPACITOR (pF) 

FIGURE 8. DROOP RATE YS HOLD CAPACITOR SIZE 

13 
12 
11 
iD 

9 
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7 
6 
5 
4 

3 
2 
2 
o 

5 

V~.3V 

. 
VIH-4V 

I '"j I 
10 15 

FIGURE 10. HOLD STEP ERROR VB TRISE 
CH = Inlernal, Temperalure = +25"C 

SIll 
CONTROL 

Your 

FIGURE 7. TACQ Y8 ADDITIONAL CH 
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1: 2100 / 
> 
E 1Il00 
~ 
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~ 
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w 
::I 1500 
1= 

l5 1300 / 
1= ; 1100 
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./ 

l---' 
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FIGURE 9. ACQUISITION TIME (0.01%) VB HOLD CAPACITANCE 
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HA-5340 

Typical Performance Curves TA = +25"C,Vs = ±15V, Unless Otherwise Specified (Condnued) 

c 
:z: ... 

14 

12 

~ 10 

I w 8 ... 
w 
Iii 8 

~ 4 

2 

T __ 5na 

TA-+25"C 

,"-

o 

'" VII_4V 

I 
200 400 600 800 

EXTERNAL HOLD CAPACITANCE (PF) 

1000 

FIGURE 12. HOLD STEP ERROR vs HOLD CAPACITANCE 

40 1-+++HfoIH-+~Lll:l-l-I-H.w 1I1I11lL-L III.lJI.lJIIIIUlj......fll 160 r... MAGNITUDE 

lK 10K lOOK 1M 10M 

FIGURE 14. CLOSED LOOP PHASEIGAIN 

·20dBc 
fSAMPlE .. 450kHz 

HA-5320 
VOUT,,5Vp..p SAMPLE AND 

HOLD MODES 

-40dBc 

~dBc 

-60dBc 

.100dBc '--__ .... __ .... __ ..L. __ -'-__ ---1 

o lOOK 200K 300K 

FREQUENCY (Hz) 

400K 500K 

FIGURE 16. THO va FREQUENCY 

* ±15V and ±12V supplies trace the same line within 
the width of the line, therefore only one line is shown. 
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FIGURE 13. HOLD STEP ERROR vs TEMPERATURE 
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HA5350, HA5351 
PRELIMINARY 
March 1993 

Features 
• Ultra Fast Acquisition ••••••••••••••••••••••• SOns 

• Very Low Offset Error •••••••••••••••••••••• 0.SmV 

• Very Low Hold Step Error •••••••••••••••••• 1.2SmV 

• On Chip Hold Capacitor 

• Fast Hold Mode Settling nme •.••••••••••••••• 30ns 

• Low Power Dissipation •••.••••.•••••••••.• 200mW 

• Total Harmonic Distortion (Hold Mode) ••.•••• -68dBc 

• Fully Differential Inputs 

• Embedded Track/Peak Function (HA53S0) 

Applications 

• Synchronous Sampling 

• Instrumentation 

• AID Conversion 

• Peak Detectors 

Pinouts 
HA5350 

(PDIP, CDIP, SOIC) 
TOP VIEW 

Description 

Ultra Fast (50ns) 
Sample and Hold Amplifiers 

The HA535OI51 are uHra·fast sampleA10ld amplifiers designed 
for a wide range of applications including NO conversion, 
synchronous sampling, and peak detection. BuiH with the Harris 
HBC-10 BiCMOS process, these sampleAlold amplifiers also 
feature extremely low power dissipation, making them ideal for 
use in systems that sample multiple signals and require low 
power. The HA5350 features fully differential inputs, offset adjust
ment and an external hold capac~or pin to reduce droop rate if 
required. In add~ion, ~ can be configured as a dedicated peak 
detector w~h the addttion of an extemal diode. The HA5351 is an 
Blead version designed for minimum board space. Both HA5350 
and HA5351 are available in PDIp, CERDIp, and SOIC packages 
as indicated below. 

Ordering Information 

PART 
NUMBER 

HA5350IP 

HA5350IJ 

HA5350IB 

HA53511P 

HA53511J 

HA53511B 

TEMPERATURE 
RANGE PACKAGE 

-40"C to +85°C 14 Lead Plastic 01 P 

-40"C to +85°C 14 Lead Ceramic DIP 

-400C to +85°C 14 Lead SOIC 

-4000 to +85°C 8 Lead Plastic DIP 

-40"C to +85OC 8 Lead Ceramic DIP 

-400C to +85°C 8 Lead SOIC 

HA5351 
(pDIP, CDIP, SOIC) 

TOP VIEW 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3379 
Copyright © Harris Corporation 1993 
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Specifications HA5350, HA5351 

Absolute Maximum Ratings (Note 1) 

Voltage Be1ween V+ and V- Terminals •••••••••••••.••.•• + l1V 
Differential Input Voltage .•••••.• ~ ..••••.••.•••.••••.•.•• 6V 
Voltage Be1ween §iH Control and Ground •••••••••••••••• +5.5V 
Output Current, Continuous •••••••••.•.••.••..•••••••••• ±30mA 
Junction Temperature (Ceramic Package) •••••••••••••• +1750C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
Lead Temperature (Soldering 10 sec.) ................. +3OO"C 

Operating Conditions 
Operating Temperature Range 

HA53501 •.•••••••••••••••••••••••••••• -4O"C S TA S +85°C 
HA53511 •••••••.•••••••.•.•••••.••••.• -4O"C S TA S +85°C 

Storage Temperature Range •••..•.••.••••. -65°C S TA S +15O"C 

CAUTION: S/ressBs above those listed In "Abscilu/e Max/mum Rallngs" may C8US41 pBI1nllllBnt damage to /he dsllice. This Is a stress only 1811119 and opIIl8lion 
of the detIice at lhasa or any othercondllions above those indicated In /he opIIl8lional SIJCIions of this specification Is not impNed. 

Electrical Specifications Test Conditions (Unless Otherwise Specified) VSUPPlY = ±5V; CH = Internal = 15pF, Digital Input 
VIL = +O.OV (Sample), VIH = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
RL=5OOO, CL = 50pF 

HA53501, HA53511 UMrrs 

PARAMETERS TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Input Voltage Range Full -2.5 - +2.5 V 

Input Resistance (Note 2) +25°C 100 500 - kn 

Input Capacitance +25°C - - 5 pF 

Input Offset Voltage +2500 0.5 - 0.5 mV 

Full -2 - 2 mV 

Offset Voltage Temperature CoeffICient Full - - 20 IlVI"C 

Bias Current +25"C - 2.5 5 IJ.A 
Full - - 15 IJ.A 

Offset Current +25OC -1.5 - +1.5 IJ.A 
Full -3 - 3 IJ.A 

Common Mode Range Full -2.5 - +2.5 V 

CMRR (±2.5Voc) (Note 3) +25°C 72 - - dB 

Full - - - dB 

TRANSFER CHARACTERISTICS 

Galn,DC +2500 - 115 - dB 

Gain Bandwidth Product CH External = OpF +25°C 20 - - MHz 

CH External = 5pF +2500 - - - MHz 

CH External = 10pF +25°C· - - - MHz 

TRANSIENT RESPONSE 

Rise Time (200mV Step) +25°C - - 15 ns 

Overshoot (200mV Step) +2500 - - 30 % 

Slew Rate (2.5VStep) +25°C 100 130 - VlfJS 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High) VIH FuR 2.0 - - V 

Input Voltage (Low) VIL Full - - 0.8 V 

Input Current VIL = OV IlL Full -10 - 10 IJ.A 
Input Current (VIH = 5V) IIH Full -10 - 10 IJ.A 



Specifications HA5350, HA5351 

Electrical Specifications Test Conditions (Unless Otherwise Specified) VSUPPlY = ±5V; CH = Internal = ISpF, Digital Input: 
VIL = +<l.OV (Sample), VIH = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
f\ = 5OOn. CL = SOpF (ConUnued) 

HA53501, HA53511 LIMITS 

PARAMETERS TEMP MIN TYP MAX UNITS 

OUTPUT CHARACTERISTICS 

Output Voltage Full -2.5 - +2.5 V 

Output Current Drive (lOOn to ±2.0V) Full -20 - +20 rnA 

Full Power Bandwidth (Slew Rate Umlted) (Note 4) Full - 8.S - MHz 

Output Resistance - Hold Mode +25°C - 0.02 - n 

Full - - - n 

TOTAL OUTPUT NOISE, D.C. TO 10MHz 

sample Mode +2Soo - 325 - "VRMS 

Hold Mode +25oC - 325 - "VRMS 

DISTORTION CHARACTERISTICS 

SAMPLE MODE 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) VIN = SVp.p, FIN = IMHz +2SoC - - - dB 

Total Harmonic Distortion VIN = SVp.p, FIN = IMHz +2SoC -70 - - dBc 

VIN = SVp.p, FIN = SMHz +2500 - - - dBc 

Intermodulation Distortion 
VIN=SVp.P . FI = 200kHz, F2 = 201 kHz +2Soo - - - dBc 

HOLD MODE (50% Duty Cycle ~H) 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) 
Fs=SMHz VIN = 5Vp.p, FIN = IMHz +25°C - - - dB 

Total Harmonic Distortion 
Fs=SMHz VIN = SVp.p, FIN _IMHz +2SoC -68 - - dBc 

Fs=5MHz VIN = SVp.p, FIN = 500kHz +25°C - - - dBc 

Fs = 2FIN(Nyquist) VIN = 5Vp•p, FIN = 200kHz +2500 - - - dBc 

VIN = SVp.p, FIN = 500kHz +25oC - - - dBc 

VIN = 5Vp•p, FIN = IMHz +2Soo · · · dBc 

Intermodulalion Distortion 
Fs=SMHz VIN = 5Vp.p 

(FI = 200kHz, F2 = 201kHz) +25°C · · · dBc 

SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time 2.5V Step to ±I mV +2SoC · 50 · ns 

Full · · - ns 

2.SV Step to 0.01% +2500 - 85 100 ns 

Droop Rate (CH = Internal) +25°C · 0.1 · Vlrns 

Full ·1 - I Vlrns 

Hold Step Error (VIL = OV, VIH = 4.0V, ~ = Sns) +25°C ·1.25 · +1.25 mV 

Hold Mode Settling Time (to ±I mY) +2SoC · 30 · ns 



Specifications HA5350, HA5351 

Electrical Specifications Test Conditions (Unless OIherwIss Specified) VSUPPlY = ±5V; CH = Internal = 15pF, Digital Input: 
V1L = +o.OV (Sample), V1H = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
RL = 5000. CL = 50pF (Continued) 

HA53501, HA53511 UMITS 

PARAMETERS TEMP MIN TYP MAX UNITS 

SAMPLE AND HOLD CHARACTERISTICS (Continued) 

Hold Mode Feedthrough (5Vp.p, 500kHz, Sine) +25OC 68 - - dB 

EADT (Effective Aperture Delay Time) +25°C - 10 - ns 

Aperture Uncertainty +25°C - 10 - ps 

POWER SUPPLY CHARACTERISTICS 

Positive SUpply Current Full - 20 22 rnA 

Negative Supply Current Full - 20 22 rnA 

PSRR (V+ or V-, 10% Delta) Full 65 - - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func-
tional operation under any of these conditions is not necessarily implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from OV to +2.5V, -CMRR is measured from OV to -2.5V. 

4. Based on the calculation FPBW = Slew Ratel2ltVpEAK (VPEAK = 2.5V). 
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HA5350, HA5351 

Die Characteristics 

DIE DIMENSIONS: 
70x90x19±1mils 

METALLIZATION: 
Metal 1: AICu (1%)mw, Thickness: 6kA±O.75kA 
Metal 2: AICu (1%), Thickness: 16kA ± 1.1kA 

GLASSIVATION: 
Type: Sandwich Passivation (Nitride + Oxide) 
Thickness: Silox - 8kA ± O.8kA; Nitride - 4.2kA ± O.4kA 

DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 

Eutectic - Ceramic DIP 

TRANSISTOR COUNT: 165 

SUBSTRATE POTENTIAL (Powered Up): V-

Metallization Mask Layout 

+IN 

+OFFSET 

-OFFSET 

y-

V-

HA5350, HA5351 

-IN 

SlGGND 

SlGGND 

GND/IouT 

y+ 

y+ 

CexT S/HCNT 

OUT OUT 

NOTE: Adjacent pads with the same names (e.g. V-) must both be bonded to the same point. 
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PRELIMINARY 
March 1993 

Features 

• Ultra Fast Acquisition ••••••••.•••••••••••••• SOns 

• Very Low Offset Error •.•••••••••••••••••••• 0.SmV 

• Very Low Hold Step Error •.•••••••••••••••. 1.2SmV 

• On Chip Hold Capacitor 

• Fast Hold Mode Settling Time ••••••••••••••••• 30ns 

• Low Power Dissipation •••••••••••••••••••• 200mW 

• Total Harmonic Distortion (Hold Mode) ••••••• -68dBc 

• Fully Differential Inputs 

Applications 

• Synchronous Sampling 

• Instrumentation 

• AID Conversion 

• Peak Detectors 

Pinouts 
HA5352 

(300 mil SOIC) 
TOP VIEW 

Description 

HA5352 
Ultra Fast (50ns) Dual 

Sample and Hold Amplifier 

The HA5352 is an ultra·fast dual sample/hold amplifier 
designed for a wide range of applications including AID 
conversion, synchronous sampling, and peak detection. Built 
with the Harris HBC·10 BiCMOS process, this sample/hold 
amplifier also features extremely low power dissipation, 
making it ideal for use in systems that sample multiple 
signals and require low power. 

The HA5352 is available in PDIp, CERDIp, and SOIC 
packages as indicated below. 

Ordering Information 

PART 
NUMBER 

HA5352IP 

HA5352IJ 

HA5352IB 

TEMPERATURE 
RANGE PACKAGE 

-40°C to +85OC 14 Lead Plastic DIP 

-40°C to +85°C 14 Lead Ceramic DIP 

-40°C to +8SoC 16 Lead Wide Body SOIC 

HA5352 
(POIP, COIP) 
TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3394 
Copyright @ Harris Corporation 1993 
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Absolute Maximum Ratings (Note 1) 

Specifications HA5352 

Operating Conditions 
Operating Temperature Range Voltage Between V+ and V- Terminals ••••••••...••.•.••. +11 V 

Differential Input Voltage •.••••••••••.•.•••.••••..•.•..•• 6V 
Voltage Between SlH Control and Ground •••••.....•..••. +S.SV 
Output Current, Continuous ••••.•.••.•.••..............• ±3OmA 
Junction Temperature (Ceramic Package) •••••....••••• + 17SoC 

HA5352I .•.•...•.••••••••..••••.•.•••• -40"C S TA S +85°C 
Storage Temperature Range .•••......•.••. _65°C S TA S + 15O"C 

Junction Temperature (Plastic Package) ••••••••.•••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) .••••••••.•..•••• +3oooC 

CAUTION: stresses ab01I8 /hoSB listed In "Abso/uts Maximum Ratings" may cause permanent damage to tlrs d8vIce. This Is a stress only rating and operation 
of the device at these or any other conditions &bow those Indicated in /he operational sections of this specification Is not implied. 

Electrical Specifications Test Conditions (Unless Otherwise Specified) VSUPPLY = ±5V; CH = Internal = 15pF, Digital Input: 
VIL = +D.OV (Sample), VIH = 4.0V (HOld). Non-hwertlng Unity Gain Configuration (Output Tied to -Input), 
RL = SOOo, CL = 50pF 

HA53521 UMITS 

PARAMETERS TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Input Voltage Range Full -2.5 - +2.5 V 

Input Resistance (Note 2) +25°C 100 500 - kn 

Input Capacitance +25OC - - 5 pF 

Input Offset Voltage +25OC 0.5 - 0.5 mV 

Full -2 - 2 mV 

Offset Voltage Temperature Coefficient (Note 2) Full - - 20 "VI"C 

Bias Current +25°C - 2.5 5 jJ.A 

Full - - 15 jJ.A 

Offset Current +25°C -1.5 - +1.5 jJ.A 

Full -3 - 3 jJ.A 

Common Mode Range Full -2.5 - +2.5 V 

CMRR (±2.5Vocl (Note 3) +25°C 72 - - dB 

Full - - - dB 

TRANSFER CHARACTERISTICS 

Gain,DC +25°C - 115 - dB 

Gain Bandwidth Product CH External = OpF +25°C 20 - - MHz 

CH External = SpF +25"C - - - MHz 

CH External = 10pF +25°C - - - MHz 

TRANSIENT RESPONSE 

Rise Time (2oomV Step) +25°C - - 15 ns 

Overshoot (2oomV Step) +25°C - - 30 % 

Slew Rate (2.5VStep) +25"C 100 130 - V/j1S 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High) VIH Full 2.0 - - V 

Input Voltage (Low) VIL Full - - 0.8 V 

Input Current VIL = OV IlL Full -10 - 10 jJ.A 

Input Current VIH = 5V IIH Full -10 - 10 jJ.A 
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Specifications HA5352 

Electrical Specifications Test Conditions (Unless Otherwise Specified) VSUPPlY = ±5V; CH = Internal = 1SpF. Digital Input 
VIL = +o.OV (Sample). V1H = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input). 
~ = 5000. CL = SOpF (Continued) 

HA53521 L1Mrrs 

PARAMETERS TEMP MIN TYP MAX UN~ 

OUTPUT CHARACTERISTICS 

Output Voltage Full -2.S - +2.S V 

OUtput Current DriVe (1000 to ±2.0V) Full -20 - +20 rnA 

Full Power Bandwidth (Slew Rate Limited) (Note 4) Full - 8.S - MHz 

Output Resistance - Hold Mode +2SoC - 0.02 - 0 

Full - - - 0 

TOTAL OUTPUT NOISE. DC TO 10MHz 

Sample Mode +2SoC - 32S - "VRMS 

Hold Mode +2SoC - 32S · "VRMS 

DISTORTION CHARACTERISTICS 

SAMPLE MODE 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) VIN = SVp.p. FIN = 1 MHz +2SoC · · · dB 

Total Harmonic Distortion VIN = SVp.p, FIN = 1 MHz +2Soo ·70 · · dBc 

VIN = SVp.p, FIN = SMHz +2SoC - - - dBc 

Intermodulatlon Distortion 
VIN = SVp.p F1 = 200kHz, F2 = 201 kHz +2SoC · · · dBc 

HOLD MODE (50% Duty Cycle StH) 

Signal to Noise Ratio 
(RMS Signal to RMS Noise) 
Fs=SMHz VIN = SVp•p, FIN = 1MHz +2SoC · · · dB 

Total Harmonic Distortion 
Fs=SMHz VIN = SVp.p, FIN = 1MHz +2SoC ·68 · · dBc 

Fs=SMHz VIN = SVp.p, FIN = 500kHz +2SoC · · · dBc 

Fs = 2FIN(Nyquist) VIN = SVp•p, FIN = 200kHz +2SoC · · · dBc 

VIN = SVp.p, FIN = 500kHz +2SoC · · · dBc 

VIN = SVp.p, FIN = 1MHz +2SoC · · · dBc 

Intermodulation Distortion 
Fs=SMHz VIN = SVp.p 

(F1 '" 200kHz, F2 '" 201 kHz) +25°C - - - dBc 

SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time 2.SV Step to ±1 mV +2SoC · 50 · ns 

Full - · · ns 

2.SV Step to 0.01% +2SoC · 85 100 ns 

Droop Rate (CH =.Intemal) +2SoC · 0.1 · Vlrns 

Full ·1 · 1 Vlrns 

Hold Step Error (VIL = OV. VIH = 4.0V, ~ = Sns) +25°C ·1.2S · +1.2S mV 
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Specifications HA5352 

Electrical Specifications Test Conditions (Unless Otherwise Specified) V SUPPlY = ±5V; CH = Internal = lSpF, Digital Input: 
V1L = +C.OV (Sample), V1H = 4.0V (Hold). Non-Invarnng Unity Gain Configuration (Output Tied to -Input), 
RL = SOOo. CL = SOpF (Continued) 

HA53521 LIMITS 

PARAMETERS TEMP MIN TYP MAX UNrrS 

SAMPLE AND HOLD CHARACTERISTICS (Continued) 

Hold Mode Settiing Time (to ±lmV) +2SoC - 30 - ns 

Hold Mode Feedthrough (SVp_p, SOOkHz, Sine) +2SoC 68 - - dB 

EADT (Effective Aperture Delay Time) +2SoC - 10 - ns 

Aperture Uncertainty +2SoC - 10 - ps 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current (per Amp) Full - 20 22 mA 

Negative Supply Current (per Amp) Full - 20 22 rnA 

PSRR (V+ or V-, 10% Delta) Full 65 - - dB 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func-
tional operation under any of these conditions is not necessarily implied. 

2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from OV to +2.SV, -GMRR Is measured from OV to -2.SV. 

4. Based on the calculation FPBW = Slew Ratel2ltVPEAK (VPEAK = 2.SV). 
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Selection Guide 

DIFFERENTIAL AMPLIFIERS: Typical Values, Unless Otherwise Specified. 

TYPE DESCRIPTION FEATURES (NOTE 4) 

CA302BA Differential • Balanced dlllerentlal amplfler con-
ICascode figuration with controUed constant 

CA302BB 
Amplifiers current source 

• RF.IF and video fre<J,Iency capability 
CA3049 Dual High • Balanced PGC capability 

Frequency • OperatIon from DC to 500MHz 
• CA3028B Is con1roIled for Input 

CA3053 DifferentiaVCas- offset IIOltage, current, and Input 
code AmplHler bias current, and Is Intended for "baI-

CA3054 Dual ance" requiremenls 

Independent • Push-Pull Inputs and outputs 
• CA302B and CA3053 are Identical 

CA31 02 Dual High except for 100MHz noise specHl-
Frequency cation 

• See Packaging Information In Section 11. 

NOTES: 

1. Gp Min. at 100MHz; Cascode = 16dB; Differential Amplifier = 14dB. 

2. GHz 

3. fT(MHz) 

4. TA Range: -55°C to +125°C except for type CA3054 (OOC to +85°C) 
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FREQ. 
RANGE 
OCTO 
(MHz) 

120 

120' 

500 

120 

120 

500 

A 
(dB) 

40 
(Note 1) 

40 

22 

40 

32 

22 

LEADCT 
BW(3dB 11F AGC AND 
POINT) NF RANGE PKG 
(MHz) (dB) (dB) TYPE* 

- 7.2 62 BE,BM, 
BS,BT 

B 7.2 62 

1.35 53 75 12T 
(Note 2) 

Recommended for IF Amplifier BE,BM, 
Applications BS,BT 

550 3.25 75 14E,14M 
(Note 3) 

1.35 1.5 7.5 14E,14M 
(Note 2) 



CA3028, CA3053 

March 1993 

Differential/Cascode Amplifiers for Commercial 
and Industrial Equipment from DC to 120MHz 

Features Description 
• Controlled for Input Offset Voltage, Input Offset Cur- The CA3028A and CA30288 are differentiaVcascode 

rent and Input Bias Current (CA3028 Series Only) amplifiers designed for use In communications and industrial 

• Balanced Differential Amplifier Configuration wHh 
Controlled Constant Current Source 

• Slngl.Ended and Dual-Ended Operation 

Applications 
• RF and IF Amplifiers (Differential or Cascade) 

• DC, Audio and Sense Amplifiers 

• Converter In the Commercial FM Band 

• Oscillator 

• Mixer 

• Urn/ter 

• Companion Application Note AN5337 "Application of 
the CA3028 Integrated ClrcuH Amplifier In the HF and 
VHF Ranges:' This note covers characteristics of 
different operating modes, noise performance, mixer, 
limiter, and amplifier design considerations 

Schematic Diagram 

equipment operating at frequencies from DC to 120MHz. 

The CA30288 Is like the CA302BA but is capable of pre
mium performance particularly in critical DC and differential 
amplifier applications requiring tight controls for input offset 
voltage, input offset current, and input bias current. 

The CA3053 is similar to the CA3028A and CA30288 but is 
recommended for IF amplifier applications. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3028A -55"C to + 125"C B Pin CAN 

CA3028AE -55"C to + 125"C 8 Lead Plastic DIP 

CA3028AM -55"C 10 +125"C 8 LeadSOIC 

CA3028AM96 -55°C 10 + 125°C 8 LeadSOIC· 

CA3028B -55°C 10 + 125°C 8 Pin CAN 

CA3028BE -55°C 10 + 125"C 8 Lead Plasllc DIP 

CA3028BM -55"C to + 125"C 8 Lead SOIC 

CA3028BM96 -55"C to + 125"C 8 LeadSOIC· 

CA3053 -55°C 10 + 125°C BPlnCAN 

CA3053E -55°C to + 125"C B Lead Plasllc DIP 

CA3053M -55°C to + 125"C BLeadSOIC 

CA3053M96 -55°C to + 125"C 8 LeadSOIC· 

• Denolas Tape and Reel 

SUBSTRATE 
AND CASE 

CAUTION: Thase dowlcas are sensRiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyrlght@Harris Corporation 1993 

File Number 382.2 
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Specifications CA3028A, CA3028B, CA3053 

Operating Conditions Absolute Maximum Ratings (TA = +25°0) 

Power Dissipation 
Up to TA = +85°0 •••••.•••••••••..••••..••••.••• 450mW 

Operating Temperature Range •••...•••.•. . -55°0 S TA S +125°0 
Storage Temperature Range •..•.•••••••••• -6500 S TA S +150"0 

Above TA = +8500 ••...•.••••••••••• Derate Lineerly 5mW?0 
Junction Temperature. . • • • • • • • • • • • • • • • • • • • • • • • . • • • • +175°0 
Junction Temperature (Plastic Package) ••••••.•••.•••• +15000 
Lead Temperature (Soldering 10 Sec.) ............•..•. +30000 

CAUTION: Stresses &bow those/Istlld /n "Absolute Maximum Ratings" may cause permanent damage to ths davice. This Is a stress only rating and operation 
of thII device at thIIss or any other conditions abot.1l thosa indicatlld In thII operational sections of this spaclflcation Is not impHed. 

Maximum Voltage Ratings TA = +25"0 

The following chart gives the range of voltages which can be applied to the terminals listed 
horizontally with respect to the terminals listed vertically. For example, the voltage range of the 
horizontal Terminal 4 with respect to Terminal 2 Is -1V to +5V. 

TERM 
NO. 1 2 3 4 5 6 7 8 

Oto-15 o to -15 o to -15 +5 to -5 Note 2 Note 2 +20 to 0 
1 (Note 3) (Note 3) (Note 3) (Note 4) 

+5 to -11 +5 to-1 +15 to 0 Note 2 +15toO Note 2 
2 (Note 5) (Note 5) 

3 +10toO +15 to 0 +30 to 0 +15toO +30 to 0 
(Note 1) (Note 5) (Note 6) (Note 5) (Note 6) 

+15 to 0 Note 2 Note 2 Note 2 
4 (Note 5) 

+20 to 0 Note 2 Note 2 
5 (Note 4) 

6 Note 2 Note 2 

7 Note 2 

8 

NOTES: 

1. Terminal No.3 Is connected to the substrate and case. 
2. Voltages are not normally applied between these terminals. Voltages appearing between these 

terminals will be safe, if the specified voltage limits between all other terminals are not exceeded. 

3. Limit is -12V for 0A3053. 

4. Umlt is + 15V for OA3053. 

5. Limit Is + 12V for OA3053. 

6. Limit is +24V for 0A3028A and + 18V for OA3053. 

Electrical Specifications TA = +25°0 

UMITS 

TEST CA3028A J CA3028B 

PARAMETERS SYMBOL CONDITIONS MIN TYP MAXI MIN TYP 
STATIC CHARACTERISTICS 

Input Offset Voltage VIO Vee = 6V, VEE =-6V - - - - 0.98 
(Rgures 1, 14) Vee = 12V, VEE = -12V - - - - 0.89 

Input Offset Current (Rg- 110 Vee = 611, VEe =-6V - - - - 0.56 
ures2,14) Vee = 12V, VEe = -12V - - - - 1.06 

Input Bias Current II Vee = BV, Vee = -6V - 16.6 70 - 16.6 
(Rgures 2, 3, 15, 16) Vee = 12V, Vee = -12V - 36 106 - 36 

Vee=9V - - - -
Vee = 12V - - - - -
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Maximum 
Current Ratings 

TERM Iw loUT 
NO. mA mA 

1 
0.6 0.1 

2 
4 0.1 

3 
0.1 23 

4 
20 0.1 

5 
0.6 0.1 

6 
20 0.1 

7 
4 0.1 

8 
20 0.1 

CA3053 

MAXi MIN TYP MAX UNIT 

5.0 - - - mV 

5.0 - - - mV 

5.0 - - - IIA 
6.0 - - - IIA 
40 - - - IIA 
80 - - - IIA 
- - 29 85 IIA 
- - 36 125 IIA 



Specifications CA3028A, CA3028B, CA3053 

Electrical Specifications TA = +25°C (Continued) 

LIMITS 

TEST CA3028A I CA3028B I CA3053 

PARAMETERS SYMBOL CONDITIONS MIN TVP MAXI MIN TYP MAXi MIN TYP MAX UNIT 

STATIC CHARACTERISTICS (Continued) 

Quiescent Operating la,la Vee = (N, VEE = -6V 0.8 125 2.0 1.0 1.25 1.5 - - - rnA 
Current(Flgures2,3,17, Vee = 12V, VEE = -12V 2.0 3.3 5.0 2.5 3.3 4.0 - - - mA 
18,19) 

Vee=9V 1.2 2.2 3.5 mA - - - - - -
Vee = 12V - - - - - - 2.0 3.3 5.0 rnA 

AGC Bias Current 17 Vee = 12V, VNle = 9V - 128 - - 1.28 - - - - mA 
(Into Constant Current Vee = 12V, VAGe = 12V - 1.65 - - 1.65 - - - - rnA 
Source Termlnal7) 

Vee=9V 1.15 mA (Figures 4, 20) - - - - - - - -
Vee = 12V - - - - - - - 1.55 - rnA 

Input Current 17 Vee = 6V, VEE = -6V 0.5 0.85 1.0 0.5 0.85 1.0 - - - rnA 
(Terminal 7) Vee = 12V, VEE = -12V 1.0 1.65 2.1 1.0 1.65 2.1 - - - mA 

Power Dissipation PT Vee = 6V, VEE =-6V 24 36 54 24 36 42 - - mW 
(Figures 2, 3, 21) Vee = 12V, VEE = -12V 120 175 260 120 175 220 - - - mW 

Vee=9V - - - - - - - 50 80 mW 

Vee = 12V - - - - - - - 100 150 mW 

DYNAMIC CHARACTERISTICS 

Power Gain (Figures 5, Gp f = 100MHz Cascode 16 20 - 16 20 - - - - dB 
6, 7, 22, 24, 26) Vee=9V Diff.Amp. 14 17 - 14 17 - - - - dB 

f= 10.7MHz Cascode 35 39 - 35 39 - 35 39 - dB 
(Note 1) 

Vee=9V Diff.Amp. 28 32 - 28 32 - 28 32 - dB 
(Note 1) 

Noise Figure (Figures 5, NF f=10OMHz, Cascade - 7.2 9.0 - 7.2 9.0 - - - dB 
6, 7, 23, 25, 26) Vee=9V Dlff.Amp. - 6.7 9.0 - 6.7 9.0 - - - dB 

Input Admittance Yl1 f=10.7MHz, Cascade - 0.6+ - - 0.6+ - - 0.6+ - rnrmo 
(Figures 27,28) Vee=9V j1.6 ]1.6 j1.6 

Dlff.Amp. - 0.5+ - - 0.5+ - - 0.5+ - rnrmo 
jO.5 )0.5 jO.5 

Reverse Transfer Y12 f=10.7MHz, Cascode - 0.0003 - - 0.0003 - - 0.0003 - rrrnho 
Admittance Vee=9V -jO -)0 -jO 
(Figures 29, 30) Diff.Amp. - 0.Q1- - - 0.Q1- - - 0.Q1 - - mmho 

Jj.<lOOO Jj.<lOOO Jj.<lOOO 

Forward Transfer Y21 f=10.7MHz, Cascode - 99- - - 99- - - 99- - rrrnho 
Admittance Vee=9V j18 j18 j18 
(Figures 31, 32) Diff.Amp. - -37 + - - -37+ - - -37+ - rrrnho 

10.5 jO.5 jO.5 

Output Admittance Y22 f=10.7MHz, Cascade - 0+ - - 0+ - - 0+ - mmho 
(Figures 33, 34) Vee=9V jO.08 jO.08 jO.08 

Diff.Amp. - 0.04+ - - 0.04+ - - 0.04+ - rrrnho 
jO.23 jO.23 jO.23 

Output Power (Untuned) Po '=10.7MHz, Diff.Amp., - 5.7 - - 5.7 - - - - IIW 
(Figures 8, 35) Vcc=9V 50n Input-

OUtput 

AGC Range (Maxlmum AGC f=10.7MHz, Diff.Amp. - 62 - - 62 - - - - dB 
Power Gain to Full Cut- Vcc=9V 
off) (Figures 9, 36) 

Voltage Gain A f=10.7MHz, Cascade - 40 - - 40 - - 40 - dB 
(Figures 10, 11, 37, 38) Vcc =9OV, Diff.Amp. - 30 - - 30 - - 30 - dB 

RL = 1kn 

5-5 



Specifications CA3028A, CA3028B, CA3053 

Electrical Specifications TA = +25°C (Continued) 

TEST 
PARAMETERS SYMBOL CONDITIONS 

DYNAMIC CHARACTERISnCS (Continued) 

Differential Voltage Gain A Vee = 6'1, VEE = -aV, 
at f = 1kHz (Figure 12) 1\.=2kn 

Vee = 12V, VEE = -l2V, 
I\. = 1.6kn 

Max. Peak-to-Peak Out- Vo(P-P) Vee = BV, VEE = -aV, 
put Voltage alf = 1 kHz RL=2kn 
(Figure 12) Vee = 12V, VEE = -l2V, 

I\. = 1.6kn 

Bandwidth at -3dB Point BW Vee = BV, VEE = -aV, 
(Figure 12) RL=2kn 

Vee = 12V, VEE = -12V, 
RL= 1.6110 

Common Mode Input VeMR Vee = BV, VEE = -aV 
Voltage Range 
(Figure 13) Vee = 12V, VEE = -12V 

Common Mode Rejec- CMRR Vee = BV, VEE =-aV 
tlon Ratio (Figure 13) Vee = 12V, VEE = -12V 

Input Impedance at ZIN Vee = 6'1, VEE =-av 
f = 1kHz Vee = 12V, VEE = -12V 

Peak-to-Peak Output Ip.p f=10.7MHz,IVee =9V 
Current eIN =400mv,IV =12V 

DIll. Amp. ee 

NOTE: 1. Does not apply to CA3053. 

Test Circuits 

NOTES: 

1. Adjust Rl for VOUT = OV ± 0.1V. 
2. Record Input Offset Voltage. 

Vee 

DCOIFF. 
VOLTMETER 
FLUKE TYPE 
800REQUIV. 

FIGURE 1. INPUT OFFSET VOLTAGE TEST CIRCUIT FOR 
CA3028B 

MIN 

-
-
-
-
-
-
-
-
-
-
-
-

2.0 

3.5 

LIMITS 

CA3028A I CA3028B I CA3053 

TYP I MAX I MIN I TYP MAXI MIN TYP IMAX UNIT 

- - 35 38 42 - - - dB 

- - 40 42.5 45 - - - dB 

- - 7.0 11.5 - - - - Vp.p 

- - 15 23 - - - - Vp.p 

- - - 7.3 - - - - MHz 

- - - 8.0 - - - - MHz 

- - -2.5 -32 to 4 - - - V 
-4.5 

- - -5.0 -710 7 - - - V 
-9 

- - BO 110 - - - - dB 

- - BO 90 - - - - dB 

- - - 5.5 - - - - kn 

- - - 3.0 - - - - kn 

4.0 7.0 2.5 4.0 B.O 2.0 4.0 7.0 rnA 

B.O 10 4.5 B.O 8.0 3.5 B.O 10 rnA 

Vee 

VEE 

NOTE: POWER DISSIPATION = 13VEE + (lB+ '8)VCC 

FIGURE 2. INPUT OFFSET CURRENT,INPUT BIAS CURRENT, 
POWER DISSIPATION, AND QuIESCENT OPERATING 
CURRENT TEST ClACUIT FOR CA3028A AND 
CA3028B 
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CA3028A, CA3028B, CA3053 

Test Circuits (Continued) 

Vee 

NOTE: POWER DISSIPATION = VCCl3 

FIGURE 3. INPUT BIAS CURRENT, POWER DISSIPATION AND 
QUIESCENT OPERATING CURRENT TEST CIRCUIT 
FORCA3053 

NOTES: 

1. For Power Gain Test 
2. For Noise Figure Test 

f C1 C:! Ll L2 
(MHz) (pF) (pF) (IIH) (j1H) 

10.7 20-60 20-60 3·5 3-5 

100 3-30 3-30 0.1·0.25 0.15-0.3 

FIGURE 5. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(CASCODE CONFIGURATION) FOR CA3028A, 
CA3028B AND CA3053* 

* 10.7MHz Power Gain Test Only 
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lien 
t-....... -~Nv--- Vee 

21en 

Slen 

Vee 

FIGURE 4. AGe BIAS CURRENT TEST CIRCUIT (DIFFERENTIAL 
AMPLIFIER CONFIGURATION) FOR CA3028A AND 
CA3028B 

NOTES: 

1. For Power Gain Test 
2. For Noise Figure Test 

f C1 C:! Ll L2 
(MHz) (pF) (pF) (IIH) (j1H) 

10.7 30-60 20-50 3-6 3-6 

100 2 ·15 2 -15 02-0.5 0.2-0.5 

FIGURE 6. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION 
AND TERMINAL 7 CONNECTED TO VCC) FOR 
CA3028A, CA3028B AND CA3053* 



CA3028A, CA3028B, CA3053 

Test Circuits (Continued) 

Skn 

NOTES: 

1. For Power Gain Test 
2. For Noise Figure Test 

f Ct C2 Lt 4 
(MHz) (pF) (pF) (j1H) (j1H) 

10.7 30-60 20-50 3-6 3-6 

100 2 -15 2-15 0.2-0.5 0.2 -0.5 

FIGURE 7. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 
FOR CA302BA AND CA302BB 
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FIGURE 9. AGC RANGE TEST CIRCUIT (DIFFERENTIAL 
AMPLIFIER) FOR CA3028A AND CA302BB 
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FIGURE 8. OUTPUT POWER TEST CIRCUIT FOR CA3028A 
ANDCA3028B 
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FIGURE 10. TRANSFER CHARACTERISTIC (VOLTAGE GAIN) 
TEST CIRCUIT (10.7MHz) CASCODE CONFIGURA
TION FOR CA3028A, CA302BB AND CA3053 



CA3028A, CA3028B, CA3053 

Test Circuits (Continued) 

1kn 

10jlH 

0.0011'1' J-=-

Vee 

100 

OUTPUT 

Vee 

" For R = 1.61<0: Vee = 12V, VEE = ·12V 
For R = 2.01<0: Vee = 6V, VEE =-6V 

OSCILLOSCOPE 
WITH HIGH 

GAIN DlFF. INPUT 
(TEKTRONIX TYPE 

530, 540, OR 580 
WITH TYPE 0 

PLUG-IN 
TEKTRONIX 
TYPE 502 OR 
EQUIVALENT) 

FIGURE 11. TRANSFER CHARACTERISTIC (VOLTAGE GAIN) 
TEST CIRCUIT (10.7MHz) DIFFERENTIAL 
AMPUFIER CONFIGURATION FOR CA3028A, 
CA3028B AND CA3053 

FIGURE 12. DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK
TO-PEAK OUTPUT VOLTAGE AND BANDWIDTH 
TEST CIRCUIT FOR CA3028B 

VXRANGE 
OF COMMON 

MODE REJECTION 

NOTES: 

1. For CMR test: SI to GND. 

Vee 

OSCILLOSCOPE 
WITH HIGH 

GAIN DlFF. INPUT 
(TEKTRONIX TYPE 

530, 540, OR 580 
WITH TYPE 0 

PLUG-IN 
TEKTRONIX 
TYPE 502 OR 
EQUIVALENT) 

2. For Input Common Mode Vottage Range Test: SI to Vx• 

(A") (2) (0.3) 
3. Common Mode Rejection Ratio = 2010g 10 V (RMS) 

DIFF 
" A = Single-Ended Voltage Galn. 

FIGURE 13. COMMON MODE REJECTION RATIO AND COMMON MODE INPUT VOLTAGE RANGE TEST CIRCUIT FOR CA3028B 
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CA3028A, CA3028B, CA3053 

Typical Performance Curves 
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FIGURE 14. INPUT OFFSET VOLTAGE AND INPUT OFFSET 
CURRENT FOR CA3028B va TEMPERATURE 
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FIGURE 16. INPUT BIAS CURRENT va TEMPERATURE FOR 
CA30S3 
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FIGURE 18. QUIESCENT OPERATING CURRENT va 
TEMPERATURE FOR CA3053 
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FIGURE 15. INPUT BIAS CURRENT va TEMPERATURE FOR 
CA3028A AND CA3028B 
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FIGURE 17. QUIESCENT OPERATING CURRENT va 
TEMPERATURE FOR CA3028A AND CA3028B 
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CA3028A AND CA3028B 

5-10 



CA3028A, CA3028B, CA3053 

Typical Performance Curves (Continued) 

DIFFERENTIAL AMPUFIER CONFIGURATION 
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AGe BIAS, TERMINAL NO. 7 M 

FIGURE 20. AGC BIAS CURRENT va BIAS VOLTAGE 
(TERMINAL 7) FOR CA3028A AND CA3028B 
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FIGURE 22. POWER GAIN va FREQUENCY (CASCODE 
CONFIGURATION) FOR CA3028A AND CA3028B 
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FIGURE 24. POWER GAIN va FREQUENCY (DIFFERENTIAL 
AMPLIFIER CONFIGURATION) FOR CA3028A AND 
CA3028B 
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FIGURE 21. POWER DISSIPATION va TEMPERATURE FOR 
CA3028A AND CA3028B 
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FIGURE 23. 100MHz NOISE FIGURE va COLLECTOR SUPPLY 
VOLTAGE (CASCODE CONFIGURATION) FOR 
CA3028A AND CA3028B 
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FIGURE 25. 100MHz NOISE FIGURE va COLLECTOR SUPPLY 
VOLTAGE (DIFFERENTIAL AMPLIFIER CONFIGU
RATION) FOR CA3028A AND CA3028B 
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Typical Performance Curves (Continued) 
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FIGURE 26. 100MHz NOISE FIGURE AND POWER GAIN va 
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FOR CA3028A AND CA3028B 
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FIGURE 28. INPUT ADMITTANCE (Y11) va FREQUENCY (DIFFER
ENTIAL AMPUFIER CONFIGURATION) 

DIFFERENTIAL AMPUFIER CONFIGURATION 
TA =..aoc, Vee" +IIV 
Ie OF EACH TRANSISTOR .. 2.2mA - 1-1-

II 
g~ 

~~ -II 
1"-" 

II 
b12 

I\. , 
20 30 40 5060 80 100 200 300 

FREQUENCY (MHz) 

FIGURE 30. REVERSE TRANSADMITTANCE (Yl~ va 
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FIGURE 27. INPUT ADMITTANCE (Y11) va FREQUENCY 
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FIGURE 29. REVERSE TRANSADMITTANCE (Yl~ va 
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FIGURE 31. FORWARD TRANSADMITTANCE (Y21) va 
FREQUENCY (CASCODE CONFIGURATION) 
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CA3028A, CA3028B, CA3053 

Typical Performance Curves (Continued) 
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FIGURE 34. OUTPUT ADMITTANCE (Y 22) vs FREQUENCY 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 
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FIGURE 36. AGC CHARACTERISTICS FOR CA3028A AND 
CA3028B 
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FIGURE 33. OUTPUT ADMmANCE (Y22) vs FREQUENCY 
(CASCODE CONFIGURATION) 
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Typical Performance Curves (Continued) 
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FIGURE 38. TRANSFER CHARACTERISTICS (DIFFERENTIAL AMPLIFIER CONFIGURATION) 

Glossary of Terms 

AGC Bias Current 

The current drawn by the device from the AGe voltage 
source, at maximum AGe voltage. 

AGCRange 

The total change in voltage gain (from maximum gain to 
complete cutoff) which may be achieved by application of the 
specified range of dc voltage to the AGe input terminal of 
the device. 

Common Mode Rejection Ratio 

The ratio of the full differential voltage gain to the common 
mode voltage gain. 

Power Dissipation 

The tolal power drain of the device with no signal applied 
and no external load current. 

Input Bias Current 

The average value (one half the sum) of the currents at the 
two input terminals when the quiescent operating voltages at 
the two output terminals are equal. 

Input Offset Current 

The difference in the currents at the two input terminals 
when the quiescent operating voltages at the two output ter
minals are equal. 

Input Offset Voltage 

The difference in the dc voltages which must be applied to 
the input terminals to obtain equal quiescent operating 
voltages (zero output offset voltage) at the output terminals. 

Noise Figure 

The ratio of the total noise power of the device and a 
resistive signal source to the noise power of the signal 
source alone, the signal source representing a generator of 
zero impedance in series with the source resistance. 

Power Gain 

The ratio of the signal power developed at the output of the 
device to the signal power applied to the input, expressed in 
dB. 

Quiescent Operating Current 

The average (dc) value of the current in either output termi
nal. 

Voltage Gain 

The ratio of the change in output voltage at either output 
terminal with respect to ground, to a change in input voltage 
at either input terminal with respect to ground, wilh the other 
input terminal at ac ground. 
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CA3049, CA3102 

March 1993 

Dual High Frequency Differential Amplifiers 
For Low Power Applications Up to 500MHz 

Features 

• Power Gain 23dB (Typ) ••••••••••••••••••• 200MHz 

• Noise Figure 4.6dB (Typ) •••••••••••••••••• 200MHz 

• 1\No Differential Amplifiers on a Common Substrata 

• Independently Accessible Inputs and Outputs 

• Full Military Temperature Range •••• -5SoC to +125°C 

Applications 

• VHF Amplifiers 

• VHF Mixers 

• MuHlfunctlon Combinations - RFlMlxer/Osclllatori 
ConvertarnF 

• IF Amplifiers (Differential and/or Cascode) 

• Product Detectors 

• Doubly Balanced Modulators and Demodulators 

• Balanced Quadrature Detectors 

• Cascade Umlters 

• Synchronous Detectors 

• Balanced Mixers 

• Synthesizers 

• Balanced (Push-Pull) Cascode Amplifiers 

• Sense Amplifiers 

Pinouts 
CA3102 

(PDIP, SOIC) 
TOP VIEW 

Description 
The CA3049T and CA3102· consist of two independent 
differential amplifiers with associated constant current 
transistors on a common monolithic substrate. The six tran
sistors which comprise the amplifiers are general purpose 
devices which exhibit low 11F noise and a value of fT in 
excess of 1GHz. These feature make th9 CA3049T and 
CA3102 useful from DC to 500MHz. Bias and load resistors 
have been omitted to provide maximum application flexibility. 

The monolithic construction of the CA3049T and CA3102 
provides close electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched 
performance of the two channels is required. 

The CA3102 is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 

• Formerly Developmental No. TA6228. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3049T -55°C to + 125"C 12 Pin CAN 

CA3102E -55°C to +125"C 14 Lead Plastic DIP 

CA3102E5 ·55"C to +125"C 14 Lead Plastic DIP 

CA3102M -55"C to + 125"C 14LeadSOlC 

CA3102M96 -55°C to + 125"C 14 Lead SOIC· 

• Danotes Tapa and Reel 

CA3049 
(1"0-5 CAN) 
TOP VIEW 

SUBSTRATE 
AND CASE 

CAUTION: TIl-. devices are sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures. File Number 611.2 
Copyright @ Harris Corporation 1993 
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Specifications CA3049, CA3102 

Absolute Maximum Ratings (TA = +250 C) 

Collector-to-Emitter Voltage, V ceo ••••.••.•••••.••.•••••• 15V 
Collector-to-Base Voltage, vcao •••••.•.•.••••••••••••••• 20V 
Collector-to-Substrate Voltage, VCIO (Note 1) •••••••••.•••.• 20V 
Emitter-to-Base Voltage, VeBO ••.••.••.•.••••••••..••.••• 5V 
Collector Current, Ic •••.•••••••••••••••••••.•.•..•••• 50mA 
Power Dissipation 

Any One Transistor (CA3049T and CA3102) •••••••.•• 300mW 
Total Package 

CA3049T •••.••••••...••••.•••••••••••••••••• 600mW 
CA3102E .••••.••••.•.••••••••••••••••••••••• 750mW 

For TA > +55°C 
CA3049T. • • • • • • • • • • • • • • • • • • .• Derate Linearly 5.0mWf'C 
CA3102E ••••••••••••.••••••• Derate Unearly6.67mWf'C 

Junction Temperature ••••••.••••.••••••••••••••••.. + 175°C 
Junction Temperature (Plastic Package) •••••.••••••••• +150oC 
lead Temperature (Soldering 10 Sec.) •••.••••.••••..•. +3OOoC 

Operating Conditions 
Operating Temperature Range ••••••••••••• -55°C S TA S +1250C 
Storage Temperature Range •••••.••••••••• -65°C S Til S + 150°C 

CAUTION: Str9SSes above those listed in ·Absolute Maximum Ratings· may cause permanent damage to ths daviee. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

Electrical Specifications TA = +25°C 

TEST I LIMITS CA3102 I LIMITS CA3049 I 
PARAMETERS SYMBOL CONomONS MIN TYP MAX I MIN TYP MAX 1 UNIT 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage VIO - 0.25 5.0 - 0.25 - mV 
(Figures 1, 4) 

Input Offset Current (Figure 1) 110 13=lg=2mA - 0.3 3.0 - 0.3 - IIA 
Input Bias Current (Figures 1, 5) IB - 13.5 33 - 13.5 33 IIA 
Temperature Coefficient I':\Vlol - 1.1 - - 1.1 - jJ.Vf'C 
Magnitude of Input Offset 
Voltage ~ 

For Each Transistor 

DC Forward Base-to-Emitter VBE Vce= 6V,lc= 1mA 674 n4 874 - n4 - mV 
Voltage (Figure 6) 

Temperature Coefficient of ,:\VBE VCE = 6V,Ic = 1mA - -0.9 - - -0.9 - mVf'C 
Base-to-Emitter Voltage -:rr-(Figure 6) 

Collector Cutoff Current Icao VcB =10V,le =0 - 0.0013 100 - 0.0013 100 nA 
(Figure 7) 

Collector-to-Emitter Breakdown 
Voltage 

V(BR)CEO Ic=1mA,IB=0 15 24 - 15 24 - V 

Collector-to-Base Breakdown V(BR)Cao Ic = 10llA, Ie = 0 20 60 · 20 60 - V 
Voltage 

Collector-to-Substrate 
Breakdown Voltage 

V(BR)CIO le= 10IlA,IB= le=O 20 60 · 20 60 . V 

Emitter-to-Base Breakdown V(BR)eao Ie = 10llA, Ic = 0 5 7 - 5 7 - V 
Voltage 

DYNAMIC CHARACTERISTICS 

111 Noise Figure (For Single NF f = 100kHz, Rs = 5oon, - 1.5 - - 1.5 - dB 
Transistor) (Figure 12) Ic= 1mA 

Gain Bandwidth Product (For fT Vce = 6V,Ic = 5mA - 1.35 - - 1.35 . GHz 
Single Transistor) (Figure 11) 

Collector-Base Capacitance CCB Ic=O, I Note 2 . 0.28 · - 028 - pF 
(Figure 8) VCB=5V I Note 3 - 0.15 - - 0.28 - pF 

Collector-Substrate CCI Ic = 0, VCI = 5V - 1.65 - - 1.65 - pF 
Capacitance (Figure 8) 
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Specifications CA3049, CA3102 

Electrical Specifications TA = +250C (Continued) 

TEST I LIMITS CA3102 I LIMITS CA3049 I 
PARAMETERS SYMBOL CONDITIONS I MIN TYP MAX) MIN TVP MAX I UNIT 

DYNAMIC CHARACTERISTICS (Continued) 

For Each Differential Amplifier 

Common Mode Rejection Ratio CMRR 13= Ig =2mA - 100 - - 100 - dB 

AGC Range, One Stage AGC Bias Voltage = -6V - 75 - - 75 - dB 
(Figure 2) 

Voltage Gain, Single-Ended A Bias Voltage = -4.2V, 18 22 - - 22 - dB 
Output (Figures 2, 9, 10) f=10MHz 

Insertion Power Gain (Figure 3) Gp Vcc= 12V, Cascode - 23 - - 23 - dB 

Noise Figure (Figure 3) NF ForCascode Cascode - 4.6 - - 4.6 - dB 

Input Admittance YI1 

Configuration 
Cascode (Fig- 1.5 + 1.5+ mmho 13=1e=2mA. - - - -

For Diff. Amp. ures 14, 16, 18) ]2.45 ]2.45 
Confiugration Diff. Amp. (Fig- - 0.878+ - - 0.878+ - mmho 
13=1e=4mA ures 15,17,19) ]1.3 ]1.3 

Reverse Transfer Admittance Y12 
(eachcollector 

Cascode - 0.0- - - 0.0- - mmho 1c=2mA) 
f=200MHz jO.008 jO.008 

Diff.Amp. - 0.0- - - 0.0- - mrnho 
jO.013 jO.013 

Forward Transfer Y21 Cascode (Fig- - 17.9- - - 17.9- - mmho 
Admittance ures 26, 28, 30) ]30.7 j30.7 

Diff. Amp. (Fig- - -10.5+ - - -10.5+ - mmho 
ures27, 29, 31) j13 ]13 

Output Admittance Y22 Cascode (fig- - -0.503 - - -0.503 - mmho 
ures 20, 22, 24) - ]15 - ]15 

Diff. Amp. (Fig- - 0.071+ - - 0.071+ - mmho 
ures 21,23,25) ]0.62 10.62 

NOTES: 

1. The collector of each transistor of the CA3049T and CA31 02 is Isolated from the substrate by an Integral diode. The substrate (Terminal 
9) must be connected to the most negative point In the external circuit to maintain Isolation between transistors and to provide for normal 
transistor action. 

2. Terminals 1 and 14 or 7 and 8 (CA31 02). Terminals 1 and 12 or 6 and 7 (CA3049T) 

3. Terminals 13 and 4 or 6 and 11 (CA31 02). Terminals 10 and 11 or 4 and 5 (CA3049T) 

Schematic Diagrams 
CA3102E, CA3102M 

SUBSTHATE 
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CA3049, CA3102 

Test Circuits 

V+(+6Y) 

v- (-6'1) -6V 

FIGURE 1. STATIC CHARACTERISTICS TEST CIRCUIT FOR 
CA31 02 

FIGURE 2. AGC RANGE AND VOLTAGE GAIN TEST CIRCUIT 
FORCA3102 

[5(12)] 

J 

12(6) 
1flCA3049T 
orCA3102 r-------------------·---------------------.. , r-~-_t--__, : , , , 

: , , , , , 
: , , , , , : ' ... ___ __________ _____________ ________ _ __ 4 

10 (4) 11 (5) 

5.5pF 

2(8) 

[2(10)] [4 (11)] [13 (5)] 2.7pF 

INPUT ~II--"" __ --I 
Rg_SCUl ..L 

=- lj 

100pF 1-
FERRITE 

BEADS 

+12V--...... ------------.... -----... 

~OUTPUT ..L RL-5OQ 

Lt =-

0.001"" 

1 NarES: 

1. Nurrilers In parentheses refer to o1her 
half oIlIle CA3049T or CA31 02 

2. Bracketed n.mbersreferto CA3102. un
bracketed runbers refer to CA3049T 

0.001"" -!-
3. L, • '-2 -Approximately 1/2 11Jrn #18 

TInned Copper WIre, 5Iff' Diameter 

4. C,• ~-15pFVerlable Capacitors 
(HenvnarIund. MAC-15; or Equivalent) 

FIGURE 3. 200MHz CASCODE POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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CA3049, CA3102 

Typical Performance Curves 
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CA3049, CA3102 

Typical Performance Curves (ContInued) 
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CA3049, CA3102 

Typical Performance Curves (Continued) 
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CA3049, CA3102 

Typical Performance Curves (Continued) 
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CA3049, CA3102 

Typical Performance Curves (Continued) 
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{II !E~N~U~~ CA3054 
Transistor Array - Dual Independent Differential Amp 

March 1993 for Low Power Applications from DC to 120MHz 

Features Description 
• Two Differential Amplifiers on a Common Substrate The CA3054 consists of two independent differential 

amplifiers with associated constant current transistors on a 
common monolithic substrate. The six n-pon transistors 
which comprise the amplifiers are general purpose devices 
which exhibit low 11f noise and a value of fT in excess of 
3OOMHz. These feature make the CA3054 useful from DC to 
120MHz. Bias and load resistors have been omitted to 
provide maximum application flexibility. 

• Independently Accessible Inputs and Outputs 

• Maximum Input Offset Voltage . ................ ±5mV 

• Temperature Range . •••.••••••••••••• OOC to +85°C 

Applications 

• Dual Sense Amplifiers 

• Dual Schmitt Triggers 

• Multifunction Combinations 
• RFIMlxer/Osclllator; ConverternF 

• IF Amplifiers (Differential and/or Cascade) 

• Product Detectors 

• Doubly Balanced Modulators and Demodulators 

• Balanced Quadrature Detectors 

• Cascade Umlters 

• Synchronous Detectors 

• Pairs of Balanced Mixers 

• Synthesizer Mixers 

• Balanced (Push-Pull) Cascade Amplifiers 

Pinout 

The monolithic construction of the CA3054 provides close 
electrical and thermal matching of the amplifiers. This 
feature makes these devices particularly useful in dual 
channel applications where matched performance of the two 
channels is required. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE 

CA3054 O"C to +85"0 

CA3054M O"C to +85"0 

CA3054M96 O"C to +85"0 

• Denotes Tape and Reel 

CA3054 
(PDlP, SOIC) 
TOP VIEW 

PACKAGE 

14 Lead Plastic DIP 

14 Lead SOIC 

14 Lead SOIC· 

CAUTION: These dill/ices ara sansitillll to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 388.2 
Cqlyrlght @ Harris Corporation 1993 
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Specifications CA3054 

Operating Conditions Absolute Maximum Ratings (TA = +2500) 

Collector-to-Emitter Voltage, V CEO' • • • • • • • • • • • • • • • • • • • • •• 15V 
Collector-to-Base Voltage, Vceo ••••••••••••••••••••••••• 20V 
Collector-to-Substrate Voltage, VetO (Note 1) ••••••••••••••• 20V 
Emltter-Io-Base Voltage, VESO ••••••••••••••••••••••••••• 5V 

Operating Temperature Range ••••••••••••••• O"C:s TA:S +85°C 
Storage Temperature Range •••.••••••••••• -650C :S TA :S + 15O"C 

NOTE: 
Collector Current, Ic •••••• , •••• , •••••••.•••.••• , ..••• SOmA 
Power Dissipation 

Any One Transistor ••••••••••••••• , •••••••••••••• 300mW 
Total Package •••••••••••••••••••••••••••••••••• 7SOmW 
For TA = +5500 ••••••••••••••••• Derate Unearly 6.ff7mWI"C 

Junction Temperature •••••••.••••••••••••••••• , • • • • + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
Lead Temperature (Soldering 1 0 Sec.) ..••• , ••.•••••• , • +300"C 

1. The collector of each transistor of the CA3054 Is isolated from the 
substrate by an Integral diode. The substrate must be connected 
to a voltage which Is more negative than any collector voltage in 
order to maintain Isolation between transistors and provide for 
normal transistor action. The substrate should be maintained at 
signal (AC) ground by means of a suitable grounding capacitor, 
to avoid undesired coupling between transistors. 

CAUTION: StressBS IJbo!;e thoselisllld in "Abso/uts Maximum Ratings" /1liiy cause permanent damage to the device. This is a stress only rating and opllration 
of the devlca at these or any other conditions abo\III those indlcatsd In the operational sactlons of this specifics lion is not impHsd. 

Maximum Voltage Ratings 
The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect 
to the terminals listed horizontally. For example, the voltage range of the vertical Terminal 2 with respect to Terminal 
4is+15Vto-5V. 

TERM 
NO.* 13 14 1 2 3 4 6 7 8 9 11 12 5 

13 0,-20 Note 1 +5,-5 Note 1 +15,-5 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 

14 Note 1 Note 1 Note 1 +20,0 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 +20,0 

1 +20,0 Note 1 +20,0 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 +20,0 

2 Note 1 +15,-5 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 

3 +1,-5 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 

4 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 

6 0,-20 Note 1 +5,-5 Note 1 +15,-5 Note 1 

7 Note 1 Note 1 Note 1 Note 1 +20,0 

8 +20,0 Note 1 Note 1 +20,0 

9 Note 1 +15,-5 Note 1 

11 -1, -5 Note 1 

12 Note 1 

5 Ref. 
Sub-
strate 

NOTES: 

1. Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be 
safe if the specified limits between all other terminals are not exceeded. 

Electrical Specifications TA = +25°C 

UMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage (Rgure 8) VIC Vee = 3V, IE(Q3) = IE(Q4) = 2mA - 0.45 

Input Offset Current (Figure 9) 1'0 Vcs = 3V, IE(Q3) = IE(Q4) = 2mA - 0.3 

Input Bias Current (Agure 5) I, Vcs = 3V, IE(Q3) = IE(Q4) = 2mA - 10 

Ouiescent Operating Current Ratio IC(Ol) IC(Q5) Vce = 3V, IE(Q3) = le(Q4) = 2mA - 0.98 to 
(Agure 5) -- or-- 1.02 

IC(02) IC(06) 

Temperature Coefficient Magnitude of 
IAVlol Vce = 3V, IE(Q3) = IE(Q4) = 2mA - 1.1 

Input Offset Voltage (Figure 7) 
~ 

5-25 

Maximum 
Current Ratings 
TERM 1m lOUT 
NO,· mA mA 

13 5 0.1 

14 SO 0.1 

1 SO 0.1 

2 5 0.1 

3 5 0.1 

4 0.1 50 

6 5 0.1 

7 SO 0.1 

8 SO 0.1 

9 5 0.1 

11 5 0.1 

12 0.1 50 

• Terminal No. 10 of 
CA3054 Is not used. 

I 
MAX UNIT 

5 mV 

2 IIA 
24 IIA 
- -

- fJ.VI"C 

Ci!rn -a:: 
~W z_ 
WI&. a::w-J 
... 11. 

!!:~ 
Q 



Specifications CA3054 

Electrical Specifications TA = +25"C (Continued) 

I UMITS 

PARAMETERS SYMBOL TEST CONDITIONS I MIN TYP I MAX UNIT 

For Each Transistor 

DC Forward Base-to-Emltter Voltage VBE Vcs=3V Ic= 50jiA - 0.630 0.700 V 
(Figure 8) Ic=1mA - 0.715 0.800 V 

Ic=3mA - 0.750 0.850 V 

Ic=10mA - 0.800 0.900 V 

Temperature Coefficient 01 Base-to- AVBE Vca = 3V, Ic = 1mA - -1.9 - flVI"C 
Emitter Voltage (Figure 6) AT 
Collector Cutoff Current (Figure 4) ICBO Vcs =10V,IE=0 - 0.002 100 nA 

Collector-la-Emitter Breakdown Voltage V(SR)CEO Ic = 1mA,ls= 0 15 24 - V 

Collector-to-Base Breakdown Voltage V(BR)CBO Ic = 10jiA, IE = 0 20 60 - V 

Collector-to-Substrate Breakdown V(BR)CIO Ic = 10jiA, ICI = 0 20 60 - V 
Voltage 

Emltter-to-Base Breakdown Voltage V(BR)EBO IE = 10jiA,Ic = 0 5 7 - V 

DVNAMIC CHARACTERISTICS 

Common Mode Rejection Ratio lor CMRR Vee = 12V, VEE = -aV, - 100 - dB 
each Amplifier (Figures 1, 10) Vx = -3.3V, I = 1 kHz 

AGC Range, One Stage AGC Vee = 12V, VEE = -aV, - 75 - dB 
(Figures 2, 11) Vx = -3.3V, I = 1 kHz 

Voltage Gain, Single Stage Double- A Vee = 12V, VEE = -aV, - 32 - dB 
Ended Output (Figures 2, 11) Vx = -3.3V, I = 1 kHz 

AGC Range, Two Stage AGC Vee = 12V, VEE = -aV, - 105 - dB 
(Figures 3, 12) Vx = -3.3V, I = 1 kHz 

Voltage Gain, Two Stage Double- A Vcc = 12V, VEE = -aV, - 60 - dB 
Ended OUtput (Figures 3, 12) Vx = -a.3V, I = 1kHz 

Low Frequency, Small Signal Equiva-
lent CirculI Characterlslics (lor single 
transistor) 

Forward Current Transler Ratio hFE I = 1kHz, VCE = 3V,Ic = 1mA - 110 - -
(Figure 13) 

Short Circuit Input Impedanca hiE I = 1kHz, VCE = 3V,Ic = 1mA - 3.5 - kO 
(Figure 13) 

Open Circuit Output Impedance hoe I = 1kHz, VCE = 3V, Ic = 1mA - 15.6 - flmho 
(Figure 13) 

Open Circuit Reverse Voltage hRE I = 1kHz, VCE = 3V,Ic = 1mA - 1.8x 10-4 - -
Transfer Ratio (Figure 13) 

111 Noise Figure lor Single NF f=1kHz,VCE =3V - 3.25 - dB 
Transistor 

Gain Bandwidth Product for Single IT VCE = 3V, Ic = 3mA - 550 - MHz 
Transistor (Figure 14) 

Admittenca Characteristics; Differential 
CIrcuit Configuration (for each ampIifl8r) 

Forward Transfer Admittance V2, Vcs =; 3V, f = 1MHz - -20+jO - mmho 
(F'lgure 15) Each Collector Ic - 1.25mA 

Input Admittance (Figure 16) V" Vcs = 3V, f = 1MHz - 0.22+ - mmho 
Each Collector Ic - 1.25mA jO.1 

Output Admittance (Figure 17) V22 VCB = 3V, f = 1MHz - 0.01 + jO - mrnho 
Each Collector Ic - 1.25mA 

Reverse Transfer Admittance V'2 Vcs =3V, f=1MHz - -0.003+ - mrnho 
(Figure 18) Each Collector Ie - 1.25mA jO 
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Specifications CA3054 

Electrical Specifications TA = +2SoC (Continued) 

PARAMETERS 

Admittance Characterisllcs; Casoode 
Circuit Configuration (for each amplifier) 

Forward Transfer Admittance 
(Figure 19) 

Input Admittance (Figure 20) 

Output Admittance (Figure 21) 

Reverse Transfer Admittance 
(Figure 22) 

Noise Rgure 

Test Circuits 

SYMBOL 

Y2, 

Y" 

Y22 

Y'2 

NF 

VCC· 
Vx +12V 

TEST CONDmONS 

Vca = 3V, f = 1MHz 
Total Stage Ic - 2.S rnA 

Vca =3V,f= 1 MHz 
Total Stage Ic - 2.S rnA 

Vca =3V,f=1MHz 
Total Stage Ic - 2.5 rnA 

Vca = 3V, f = 1 MHz 
Total Stage Ic - 2.S rnA 

f= 100MHz 

MIN 

-
-
-
-
-

LIMITS 

TYP MAX 

68-jO -
O.SS+jO -
0+ jO.02 -
0.004-
jO.OOS 

8 

-

-

Vcc· 
Vx +12V 

UNIT 

mmho 

mmho 

mmho 

j1Illho 

dB 

FIGURE 1. COMMON MODE REJECTION RATIO TEST SETUP FIGURE 2. StNGLE STAGE VOLTAGE GAIN TEST SETUP 

FIGURE 3. TWO STAGE VOLTAGE GAIN TEST SETUP 
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CA3054 

Typical Performance Curves 
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CA3054 

Typical Performance Curves (Continued) 
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CA3054 

Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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TRANSISTOR AND DIODE ARRAYS 

SELECTION GUIDE •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TRANSISTOR AND DIODE ARRAY DATA SHEETS 

CA3018 

CA3039 

CA3045, 
CA3046 

CA3081, 
CA3082 

CA3083 

CA3086 

CA3096 

CA3127 

CA3141 

CA3146, 
CA3183 

CA3227, 
CA3246 

HFA3046, 
HFA3096, 
HFA3127, 
HFA3128 

General Purpose Transistor Arrays .......•..................................... 

Diode Array ............................................................... . 

General Purpose N·P-N Transistor Arrays ....•...•.....•.......•.........••....•• 

General Purpose High Current N-P-N Transistor Arrays •...............•....•..•.•.. 

General Purpose High Current N-P-N Transistor Array .......•....••.••............. 

General Purpose N·P-N Transistor Array .......................•................. 

N-P-NJP-N-P Transistor Array ..........•.••..................•..........•...... 

High Frequency N-P-N Transistor Array .......••.••...••..•••.•..••..•••.....•••• 

High-Voltage Diode Array For Commercial, Industrial & Military Applications .••......•... 

High-Voltage Transistor Arrays ..•.••........•..••....•..•....••.•..•..••.••..•• 

High-Frequency N-P-N Transistor Arrays For Low-Power Applications at 
Frequencies Up to 1.5GHz ................................................... . 

Ultra High Frequency Transistor Array ....................................... . 

NOTE: Bold Type Designates a New Product from Harris. 
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,..-----------Selection Guide ----------, 

TRANSISTOR ARRAYS 

Electrical Characteristics TA = +25°C 

(NOTE 1) 
LEAD 

COUNT & 
V(BR)CEO V(BR)CBO PACKAGE 

TYPE DESCRIPTION (MIN) V (MIN) V hFE (MIN) Ic (MAX) mA TYPE 

CA3018 Two Isolated Transistors Plus a 15 20 30 50 12T 
Darlington Pair 

CA3018A 15 30 60 50 

hFE matched ±1 0%. VeE matched ±2mV and ±5mV max. 
Operation from DC to 120MHz 

CA3045 Three Transistors Plus a Dlfferen- 15 20 40 50 14D,l4F 
tial Pair 

CA3046 15 20 40 50 14E,14M 

fT > 300MHz. 2 matched pairs ±5mV 

CA3081 General-Purpose n-p-n High-Cur- 16 20 40 100 16E,16F, 
rent Transistors 16M 

Seven Common-Emitter 

CA3082 16 20 40 100 16E,16F, 
16M 

Seven Common-Collector 

CA3083 15 20 40 100 16E,16F, 
16M 

Five independent transistors. a, and a2 matched; 110 (at 1 mAl 
2.5)1A Maximum 

CA3086 Three Isolated Transistors plus a 15 20 40 50 14E,14F, 
Differential Pair 14M 

fT> 550MHz Typ. Operation from DC to 120MHz 

CA3127 Five Independent Transistors 15 20 40 20 16E,16F, 
16M 

fT> lGHz. Operation from DC to 500MHz. 

CA3146 Three Transistors Plus a Differen- 30 40 30 50 14E,14M 
tialPair 

CA3146A 40 50 30 50 

fT> 500MHz Typ. Operation from DC to 120MHz. 

CA3183 FIVe High-Current Transistors 30 40 40 75 16E,16M 

CA3183A 40 50 40 75 

High-voltage versions of CA3083 Transistors 
a, and a2 matched at lmA. 

CA3227 Five Independent Transistors 8 12 40 20 16E,16M 

fT = 3GHz Typ. Operation from DC to 1.5GHz. 

CA3246 Three Independent Transistors 8 12 40 20 14E,14M 
Plus a Differential Pair 

fT = 3GHz Typ. Operation from DC to 1.5GHz. 

NOTE: 

1. See Packaging Information Section of this catalog. 
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...----------Selection Guide -------------, 

TRANSISTOR ARRAYS (Continued) 

Electrical Characteristics TA = +250C 

TYPE DESCRIPTION 

CA3096 Five Independent Transistors, 
3 n-pon, 2 p-n-p 

CA3096A 

CA3096C 

HFA3046 Three 8GHz NPN Transistors 
Plus an NPN Differential Pair 

HFA3096 Three 8GHz NPN Transistors 
Plus Two 5.5GHz PNP Transis-
tors 

HFA3127 Five Independent BGHz NPN 
Transistors 

HFA3128 Five Independent 5.5GHz PNP 
Transistors 

V(BRI CEO V(BRICBO 
(MIN) V (MIN) V hFE (MIN) Ie (MAX) 

n-p-nJp-n-p n-p-nlp-n-p n-p-nlp-n-p n-p-n/p-n-p 

351-40 4&-40 150120 50/-10 

351-40 4&-40 150120 50/-10 

241-24 301-24 100115 50/-10 

n-pon p-n-p 

IVlol = 5mV Max 5mVMax 

11101 = 0.611A Max 0.2511A Max 

8 12 40 40 

IVIOI = 5mV Max 

8 12110 40125 40 

NF = 1.7dB at 1GHz 

8 12 40 40 

NF = 1.7dB at 1GHz 

8 10 25 40 

NF = 1.7d8 at 1GHz 

NOTE: Bold Type Designates a New Product from HarriS 

DIODE ARRAYS 
Electrical Characteristics TA = +25'C. Apply for Each Diode 

V(BRIR VF1 - VF2 
TYPE DESCRIPTION (MIN) V IR (MAX) I1A CD(TYP) pF (MAX)mV 

CA3039 6 Individual 5 0.1 0.65 5 (IF=1mA) 

Ultra-fast low-i:apacilance matched diodes 

CA3141 10 High Reverse Breakdown Volt- 30 0.1 0.3 0.55 
age Diodes (Note 2) (typ. each 

diode pr.) 

• Low-Noise Performance 
• Low-Leakage Current 

NOTE: 

1. See Packaging Information Section of this catalog. 

2. Six connected to form 3 common-i:athode pairs. Four connected to form 2 common-anode diode pairs. 
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(NOTE 1) 
LEAD 

COUNT" 
PACKAGE 

TYPE 

16E,16M 

14B 

16B 

168 

168 

(NOTE 1) 
PIN COUNT 
"PACKAGE 

TYPE 

12T,14M 

16E 
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Features 

• Matched Monolithic General Purpose Transistors 

• hFE Matched ..........•....................•.. ±10% 

• VeE Matched 
- CA3018A ....•.................•.........•. ±2mV 
- CA3018 .................................... ±5mV 

• Operation From DC to 120MHz 

• Wide Operating Current Range 

• CA3018A Performance Characteristics Controlled 
from 10llA to 10mA 

• Low Noise Figure ••••••••••••• 3.2dB Typical at 1kHz 

• Full Military Temperature Range .••• -55°C to +1250 C 

Applications 

• Two Isolated Transistors and a Darlington Connected 
Transistor Pair for Low Power Applications at 
Frequencies from DC through the VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature Compensated Amplifiers 

• See Application Note, AN5296 "Application of the 
CA3018 Integrated Circuit Transistor Array" for 
Suggested Applications 

Pinout 

CA3018 
General Purpose Transistor Arrays 

Description 

The CA3018 and CA3018A consist of four general purpose 
silicon n-pon transistors on a common monolithic substrate. 

Two of the four transistors are connected in the Darlington 
configuration. The substrate is connected to a separate 
terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are well 
suited to a wide variety of applications in low power systems 
in the DC through VHF range. They may be used as discrete 
transistors in conventional circuits but in addition they 
provide the advantages of close electrical and thermal 
matching inherent in integrated circuit construction. 

The CA3018A is similar to the CA3018 but features tighter 
control of current gain, leakage, and offset parameters 
making it suitable for more critical applications requiring 
premium performance. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3018 -5500 to + 125°C 12 Pin CAN 

CA3018A -55°C to + 125°C 12 Pin CAN 

CA301S. CA3018A 
(TO-5CAN) 
TOP VIEW 

CAUTION: These devices are sansitiWl to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright@HarrisCorporation 1993 

File Number 338.2 
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Specifications CA3018, CA3018A 

Absolute Maximum Ratings (TA = +25"C) Operating Conditions 
CA3018 

Collector-to-Emitter Voltage. Veeo ••••••••••• 15V 
Collector-to-Base Voltage. V ceo .•••••••••••. 20V 
Collector-to-Substrate Voltage. VCIO (Note 1) .•• 20V 
Emitter-to-Base Voltage. VEBO ••••.•••••••.. 5V 
Collector Current. Ic •.•.••.•••.••••••••••• 50mA 
Power Dissipation 

CA3018A 
15V 
30V 
40V 
5V 
SOmA 

Operating Temperature Range •••.••••••••• -5500 S TA S +125°C 
Storage Temperature Range ••.•••••.•••••. -6500 S TA S +15O"C 

Any One 1l'anslstor •••..••••••••••••••••••••••••• 300mW 
Total Package •••.••.•••••.•..••.••.••.•..••..•• 450mW 
TA> +85°C •.••••.••••••••••.•••••••••• Derate at5mWI"C 

Junction Temperature. • • . • • • • • • • • • • • • • • • • • • • • • .• • •• + 175°C 
Lead Temperature (Soldering 10 Sec.) •.........•....•• +3OO"C 

CAUTION: StressBs 8boII8 those IJstsd In 'Absolute Maximum Ratings' may cause permanent damage to IhII dBvIcII. This is a stress only rating and operation 
of the dtwk:e at IhIISII 01 any olhllr conditions abow Ihos8 indicatBd In IhII oparationllJ sactions of /his specificalfon is not ilTf'Had. 

Electrical Specifications TA = +25"C 

LIMITS 

CA3018 CA3018A 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC CHARACTERISTICS 

Collector Cutoff Current ICBO Ves= 10V.IE =0 - 0.002 100 - 0.002 40 nA 
(Figure 1) 

Collector Cutoff Current leeo Vee = 10V. Is = 0 - See 5 - See 0.5 IIA 
(Figure 2) Fig. 2 Fig. 2 

Collector Cutoff Current leeoo VCE = 10V. IB = 0 - - - - - 5 IIA 
Darlington Pair 

CoIlector-to-Emitter V(BR)CEO Ic= 1mA.IB= 0 15 24 - 15 24 - V 
Breakdown Voltage 

Collector-to-Base Breakdown V(BR)C80 Ic = 101lA. IE = 0 20 60 - 30 60 - V 
Voltage 

Emitter-to-Base Breakdown V(BR)EBO IE = 101lA. Ic = 0 5 7 - 5 7 - V 
Voltage 

Collector-to-Substrate V(BR)CIO Ic = 101lA. 101 = 0 20 60 - 40 60 - V 
Breakdown Voltage 

Collector-to-Emitter VCES IB= 1mA.lc= 10mA - 0.23 - - 0.23 0.5 V 
Saturation Voltage 

Static Forward Current ht:E VCE =3V Ic=10mA - 100 - 50 100 - -
Transfer Ratio (Note 2) 

Ic=1mA 30 100 200 60 100 200 -(Figure 3) 

Ic = 1011A - 54 - 30 54 - -
Magnitude of Static-Beta VcE =3V. 0.9 0.97 - 0.9 0.97 - -
Ratio (Isolated Transistors 0 1 ICI = lea = 1mA 
and ~ (Figure 3) 

Static Forward Current hFEO VcE =3V Ic=1mA 1500 5400 - 2000 5400 - -
Transfer Ratio Darlington Pair 

Ic = 10011A - - - 1000 2800 - -(Q3 and 04) (Figure 4) 

Base-to-Emltter Voltage VBE VcE =3V IE= 1mA - 0.715 - 0.600 0.715 0.800 V 
(Figure 5) 

IE= 10mA - 0.800 - - 0.800 0.900 V 

Input Offset Voltage 
I VBE1 1 Vee=3V.IE=1mA - 0.48 5 - 0.48 2 mV 

(Figures 5. 7) 
I-VSE2 1 
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Specifications CA3018, CA3018A 

Electrical Specifications TA = +25°C (Continued) 

LlMrrs 

CA3018 CA3018A 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNrrs 

Temperature Coefficient I~VBEI VcE =3V,IE=lmA - -1.9 - - -1.9 - mVI'C 
Base-ta-Emitter Voltage Ql' 

~ C:z (Figure 6) 

Base (Q3)-to-Emitter (04) VBED (V9-l) Vee=3V IE= 10mA - 1.46 - - 1.46 1.60 V 
Voltage Darlington Pair 

IE= lmA - 1.32 - 1.10 1.32 1.50 V (Figure 8) 

Temperature Coefficient: I~VBEDI Vee = 3V,IE = lmA - 4.4 - - 4.4 - mVI'C 
Base-to-Emitter Voltage 

~ Darlington Pair (00 and 04) 
(Figure 9) 

Temperature Coefficient: IVBEl - VBE2 1 Vee = 6V, VEE = -av, - 10 - - 10 - IlVf'C 
Magnitude 01 Input Offset 

<1T 
IC1=1C2=lmA 

Voltage 

DVNAMIC CHARACTERISTICS 

Low Frequency Noise Figure NF I = 1kHz, VCE = 3V, - 3.25 - - 3.25 - dB 
(Figures 10 - 12) Ic = 100jlA, Source 

Resistance = lkO 

Low Frequency, Smal Signal 
Equivalent Circuit CI1ara:teristics 

Forward Current Transler hFE I = 1kHz, VCE = 3V, - 110 - - 110 - -
Ratio (Figure 13) Ic=lmA 

Short Circuit Input hiE I = 1kHz, VCE = 3V, - 3.5 - - 3.5 - kO 
Impedance (Figure 13) Ic=lmA 

Open Circuit Output hoE I = 1kHz, VCE = 3V, - 15.6 - - 15.6 - jlmho 
Impedance (Figure 13) Ic= lmA 

Open Circuit Reverse hRE f = 1kHz, VCE = 3V, - 1.8x - - 1.8x - -
Voltage Transler Ratio Ic= lmA 10"" 10"" 
(Figure 13) 

Admittance Characteristics 

Forward Transler VFE 1= lMHz, Vee = 3V, - 31- - - 31 - - mmho 
Admittance (Figure 14) Ic= lmA ]1.5 jl.5 

Input Admittance VIE f=lMHz, Vee =3V, - 0.3+ - 0.3+ - mmho 
(Figure 15) Ic= lmA JO.04 ]0.04 

Output Admittance VOE f= 1 MHz, VCE = 3V, - 0.001 - - 0.001 - mmho 
(Figure 16) Ic=lmA +]0.03 +]0.03 

Reverse Transler YRE f= 1 MHz, VcE =3V, See Figure 17 mmho 
Admittance (Figure 17) Ic=lmA 

Gain Bandwidth Product fT VCE = 3V, Ic = 3mA 300 500 - 300 500 - MHz 
(Figure 18) 

Emitter-ta-Base Capacitance CEB VEB = 3V,IE = 0 - 0.6 - - 0.6 - pF 

Collector-ta-Base Capacitance CCB VCB = 3V, Ic = 0 - 0.58 - - 0.58 - pF 

Collector-to-Substrate CCI VCI =3V,lc =0 - 2.8 - - 2.8 - pF 
Capacitance 

NOTE: 

1. The collector 01 each transistor 01 the CA3018 and CA3018A Is Isolated from the substratB by an integral diode. The substratB (Terminal 
10) must be connectBd to the most negative point in the external circuit to maintain Isolation between transistors and to provide for normal 
transistor action. 

2. Actual forcing current is via the emitter lor this test. 
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CA3018,CA3018A 

Typical Performance Curves 
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CA3018, CA3018A 

Typical Performance Curves (Continued) 
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CA301B, CA301BA 

Typical Performance Curves (Continued) 
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Features 

• Six Matched Diodes on a Common Substrate 

• Excellent Reverse Recovery Time 1 ns Typical 

• Matched Monolithic Construction 
- VF Matched Within 5mV 

• Low Diode Capacitance 
- Co = O.65pF Typical at V R = -2V 

Applications 

• Ultra-Fast Low CapaCitance Matched Diodes for 
Applications In Communications and Switching 
Systems 

• Balanced Modulators or Demodulators 

• Ring Modulators 

• High Speed Diode Gates 

• Analog Switches 

Pinouts 
CA3039 
(SOlO) 

TOP VIEW 

CA3039 
. Diode Array 

Description 

The CA3039 consists of six ultra·fast, low capaCitance 
diodes on a common monolithic substrate. Integrated circuit 
construction assures excellent static and dynamic matching 
of the diodes, making the array extremely useful for a wide 
variety of applications in communication and switching sys
tems. 

Five of the diodes are independently accessible, the sixth 
shares a common terminal with the substrate. 

For applications such as balanced modulators or ring modu
lators where capacitive balance is important, the substrate 
should be returned to a DC potential which is significantly 
more negative (with respect to the active diodes) than the 
peak signal applied. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE 

CA3039 -55°C to +125°C 

CA3039M -55°C to +125OC 

CA3039M96 -55OC to +125°0 

• Denotes Tape and Reel 

CA3039 
(TO-5CAN) 
TOP VIEW 

PACKAGE 

12 Pin CAN 

14 Lead SOIC 

14 Lead SOIC' 

CAUTION: These devices are sansHiw to electrostatic discharge. Users should follow proper I.C. Handling Procadures. File Number 343.2 
Copyright @ Harris Corporation 1993 
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Specifications CA3039 

Absolute Maximum Ratings 
Inverse Voltage (PI V) for: 0, - 05 ........•............... 5V 

De ••••••••••••••••••••.•• 0.5V 
Diode-te-Substrate Voltage (VOl) for 0, - Os ••••••••••• +20V,-1V 
(Terminal 1, 4, 5, 8 or 12 to Terminal 10) 

DC Forward Current (IF)' ••••• " ••••••••••••••••• , •••• 25mA 
Recurrent Forward Current (IF) ••••••.•••••••••••••••. 1OOmA 
Forward Surge Current (IF(SURGE» ••••••••••.•.•••••••. 1 oomA 
Power Dissipation 

Any One Diode Unit •••••••••••••••••••.••••.•••. 100mW 
Total for Device ••••••••••••••••••••••••••••••••• 600mW 
For TA > +55"C •••••••••••••••••• Derate Linearly 5.7mWf'C 

Junction Temperature ••••••••••••••••••••.••••••••• + 175°C 
Junction Temperature (Plastic Package) ••••••••••••.•• + 150°C 
Lead Temperatura (Soldering 10 Sec.) ••••••.•••••••••• +3oooC 

Operating Conditions 
Operating Temperature Range ••••••••••••• -55"C ~ TA ~ +125°C 
Storage Temperature Range ••••••••••••••• -65"C ~ TA ~ + 1 SOOC 

CAUTION: Stresses above those listed in "Abso/u/8 Maximum Ratings· mer cause permanent damege to the device. This is a stress only rating and opsraUon 
of /he device at /hese or any other conditions above those Indicated In the operational sections of this specification is not implied. 

Electrical Specifications TA = +250C. Characteristics apply for each diode unit, Unless Otherwise Specified 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

DC Forward Voltage Drop (Figure 1) VF IF= 501lA - 0.65 0.69 V 

IF=lmA - 0.73 0.78 V 

IF = 3mA - 0.76 0.80 V 

IF=lOmA - 0.81 0.90 V 

DC Reverse Breakdown Voltage V(BR)R IR = -101lA 5 7 - V 

DC Reverse Breakdown Voltage Between Any V(BR)R IR = -101lA 20 - - V 
Diode Unit and Substrate 

DC Reverse (Leakage) Current (Figure 2) IR VR=-4V - 0.Q16 100 nA 

DC Reverse (Leakage) Current Between Any IR VR=-10V - 0.022 100 nA 
Diode Unit and Substrate (Figure 3) 

Magnitude of Diode Offset VoHage (Note 1) IVFl -VF21 IF= lmA - 0.5 5.0 mV 
(Figure 1) 

Temperature Coefficient of IVF, - VF21 (Figure 4) alvFl -VF21 IF=lmA - 1.0 - IlVf'C 

aT 

Temperature Coefficient of Forward Drop aVF IF = lmA - -1.9 - mVf'e 
(Figure 5) AT 

DC Forward Voltage Drop for Anode-to- VF IF= lmA - 0.65 - V 
Substrate Diode (Os) 

Reverse Recovery TIme tRR IF = 10mA,IR = -10mA - 1.0 - ns 

Diode Resistance (Figure 6) Ro f= lkHz,lF = lmA 25 30 45 0 

Diode Capacitance (Figure 7) Co VR = -2V, IF = 0 . 0.65 . pF 

Dlode-to-Substrate Capacitance (Figure 8) COl VOl = 4V, IF = 0 - 3.2 . pF 

NOTE: 

1. Magnitude of Diode Offset Voltage is the difference in DC Forward Voltage Drops of any two diode units. 
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CA3039 

Typical Performance Curves 
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CA3039 

Typical Performance Curves (Continued) 

8~----~~----~~----~~-----' 
TA"+25"C 
IF"O 

s~----~~----~~----~~----~ 

i 
~ 4 1-----+-----11-----+-----1 

~ I 3 

I 2~----~~----~~----~~----~ 

o 2 3 4 
DC REVERSE VOLTAGE ACROSS DIODE M 

FlGURE7. DIODECAPAClTANCE{Dj-Ds)vsREVERSEVOLTAGE 

6-14 

8 

i 
i 5 

i 4 

§ 3 

l-

i 2 

g 

11 
o 

TA,,+25"c 
IF"O 

~ ----
o 1 2 3 4 

DC REVERSE VOLTAGE BETWEEN TERMINALS 1, 4, 5, 8, OR 12 
AND SUBSTRATE (TERMINAL 10) (V) 

FIGURE&. DIODE-TO-SUBSTRATE CAPAClTANCEvs REVERSE 
VOLTAGE 



~.HARRlS \IJ SEMICONDUCTOR CA3045, CA3046 

March 1993 

Features 

• Two Matched Transistors: VBE Matched ±5mVj Input 
Offset Current 211A Max at Ic = 1 mA 

• 5 General Purpose Monolithic Transistors 

• Operation From DC to 120MHz 

• Wide Operating Current Range 

• Low Noise Figure 3.2dB Typical at 1 kHz 

• Full Military Temperature Range -550 C to +125°C 

Applications 
• Three Isolated Transistors and One Differentially 

Connected Transistor Pair for Low Power Applications 
at Frequencies from DC Through the VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature Compensated Amplifiers. 

• See Application Note, AN5296 "Application of the 
CA3018 Integrated-Circuit Transistor Array" for 
Suggested Applications 

Pinout 

General Purpose N-P-N 
Transistor Arrays 

Description 

The CA3045 and CA3046 each consist of five general 
purpose silicon n-pon transistors on a common monolithic 
substrate. Two of the transistors are internally connected to 
form a differentially connected pair. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transis
tors in conventional circuits. However, in addition, they 
provide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3045 -55OC to + 125°C 141.&ad Ceramic Sidebraza DIP 

CA3045F -55OC to + 125°C 14 Lead Ceramic DIP 

CA3046 -55OC to +125"C 14 Lead Plastic DIP 

CA3046M -55OC to + 125"C 14 Lead SOIC 

CA3046M96 -55OC to + 125"C 14 Lead SOIC' 

• Denotes Tape and Reel 

CA3045, CA3046 
(pDIP, CDIP, SOIC) 

TOP VIEW 

DIFFERENTIAL 
PAIR 

CAUTION: These d8llices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Prccedures. 

Copyright @ Harris Corporation 1993 
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Specifications CA3045, CA3046 

Operating Conditions Absolute Maximum Ratings (TA = +25"C) 

Collector-to-Emitter Voltage (VCEO) ••••••••••••.•••••.••• 15V 
Collector-to-Base Voltage (Vceo) ••.•••••••.••.•..•••.•.• 20V 
Collector-to-Substrate Voltage (VCIO) (Note 1) •••••.•••.•••• 20V 
Emitter-to-BaseVoltage (VEBO) ...••.••••.•...•.•••.•..•. 5V 

Operating Temperature Range ••..••••••.•. -55"C S TA S +1250C 
Storage Temperature Range ••••••••.••••••• -65"C S TA S 15O"C 

Collector Current (Ie> .•••.••••••••••••••.•••••.••.••• 50mA 
Power Dissipation 

CA3045 Each Transistor Total Pkg. 
Up to TA = +75°C .•••.••••.••••• 300mW 750mW 
Above TA = +75°C ..•.•.••.••••••• Perate Unearly 6mWf'C 

CA3046, CA3045F Each Transistor Total Pkg. 
Up to TA = +550C .•••.••.••••••• 300mW 750mW 
Above TA = +55°C . • . • . • • • . . . •. Derate Unearly 6 .. 67mWf'C 

Junction Temperature ••.••••••.•..•.••..•.••••••.•• +175°C 
Junction Temperature (Plastic Package) •.••.•••••.•••• +l50oC 
Lead Temperature (Soldering 10 Sec.) ................. +300"C 

CAUTION: Stresses abow those l/sled in "AbsoluIB Maximum Ratings" may cause permanent damage to the davice. This Is a stress only l8/1ng and optIl8tion 
of the davice at /hess or any other conditions abow thoss indicated In the op8l8tionaJ sections of this specification is not ifl"4'lled. 

Electrical Specifications TA = +25°C, Charactaristics apply for each transistor In CA3045 & CA3046 as specified. 

UMrrs 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNrrs 

STATIC CHARACTERISTICS 

Collector-to-Base Breakdown Voltage V(BR)CBO Ic = 10llA, IE = 0 20 60 - V 

Collector-Io-Emitter Breakdown Voltage V(BR)CEO Ic=lmA,IB=O 15 24 - V 

Collector-to-Substrate Breakdown Voltage V(BR)CIO Ic = 10llA,Ici = 0 20 60 - V 

Emitter-la-Base Breakdown Voltage V(BR)EBO IE = 10llA, Ic = 0 5 7 - V 

Collector Cutoff CUrrent (Figure 1) ICBO VcB =10V,IE=0 - 0.002 40 nA 

Collector Cutoff Current (Figure 2) ICEO VCE = 10V,IB= 0 - S'38 Fig. 2 0.5 IIA 
Static Forward Current Transfer Ratio (Static hFE VcE =3V Ic= 10mA - 100 - -
Beta) (Note 2) (Figure 3) 

Ic= lmA 40 100 - -
Ic = 1011A - 54 - -

Input Offset Current for Matched Pair Q1 and VCE = 3V, Ic = 1mA - 0.3 2 IIA 
Cl:z. 11101 - 11021 (Note 2) (Figure 4) 

Base-ta-Emltter Voltage (Note 2) (Figure 5) VBE VcE =3V IE= lmA - 0.715 - V 

IE=10mA - 0.800 - V 

Magnitude of Input Offet Voltage for Differen- VcE =3V, Ic= 1mA - 0.45 5 mV 
tlal Pair IVBE1 - VBE21 (Note 2) (Figures 5, 7) 

Magnitude of Input Offset Voltage for Isolated VCE = 3V,Ic = 1mA - 0.45 5 mV 
Transistors IVBE3 - VBE41,IVBE4 - VBEsl, 
IV BE5 - V BE31 (Note 2) ( Figures 5, 7) 

Temperature Coefficient of Base-to-Emitter &VBE VCE = 3V,Ic = 1mA - -1.9 - mVf'C 
Voltage (Figure 6) AT 

Collector-to-Emitter saturation Voltage VCES IB = 1mA,Ic = lOrnA - 0.23 - V 

Temperature Coefficient: Magnitude of Input I&Vlol VCE = 3V, Ic = lmA - 1.1 - jl.Vf'C 
Offset Voltage (Figure 7) A'T 
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Specifications CA3045, CA3046 

Electrical Specifications T" = +25"C, Characteristics apply lor each transistor in CA3045 & CA3046 as specified. (Continued) 

LiMns 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

DYNAMIC CHARACTERISTICS 

Low Frequency Noise Figure (Figure 9) NF 1= 1kHz, VCE = 3V,Ic = 100jJA, - 3.25 - dB 
Source Resistance = 1 kn 

Low Frequency, Small Signal Equivalent 
Circuit Characteristics 

Forward Current Transfer Ratio (Figure 11) hFE I = 1kHz, VCE = 3V, Ic = 1mA - 110 - -
Short Circuit Input Impedance (Figure 11) hiE 1= 1kHz, VcE =3V,lc = 1mA - 3.5 - kO 

Open Circuit Output Impedance (Figure 11) hoE 1= 1kHz, VCE = 3V,Ic = 1mA - 15.6 - IIITlho 

Open Circuit Reverse Voltage Transfer hRE I = 1kHz, VCE = 3V, Ic = 1mA - 1.8x1004 - -
Ratio (Figure 11) 

Admittance Characteristics 

Forward Transler Admittance (Figure 12) YFE f= 1kHz, VCE = 3V,lc= 1mA - 31 - j1.5 - -
Input Admittance (Figure 13) YIE f= 1kHz, VCE = 3V,lc= 1mA - 0.3 +jO.04 - -
Output Admittance (Figure 14) YOE 1= 1kHz, VCE = 3V,lc= 1mA - 0.001 + jO.03 - -
Reverse Transler Admittance (Figure 15) YRE I = 1kHz, Vee = 3V,Ic = 1mA - See Fig. 14 - -

Gain Bandwidth Product (Figure 16) IT Vee = 3V,Ic = 3mA 300 550 - MHz 

Emitter-to-Base Capacitance CEB VEB = 3V, IE = 0 - 0.6 - pF 

Collector-to-Base Capacitance CCB VCB = 3V,lc= 0 - 0.58 - pF 

Callector-to-Substrate Capacitance CCI Vcs=3V,lc=0 - 2.8 - pF 

NOTE: 

1. The collector 01 each transistor 01 the CA3045 and CA3046 Is isolated lrom the substrate by an integral diode. The substrate (Terminal 
13) must be connected to the most negative point in the external circuit to maintain Isolation between transistors and to provide for normal 
tranSistor action. 

2. Actual lorclng current is via the emitter lor this test. 

Typical Performance Curves 
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Typical Performance Curves (Continued) 
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CA3045, CA3046 

Typical Performance Curves (Continued) 
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CA3045, CA3046 

Typical Performance Curves (Continued) 
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Features 

• CA3081· Common Emitter Array 

• CA3082· Common Collector Array 

• Directly Drive Seven Segment Incandescent 
Displays and Ught Emitting Diode (LED) Display 

• 7 Transistors Permit a Wide Range of 
Applications In Either a Common Emitter 
(CA3081) or Common Collector (CA3082) 
Configuration 

• High Ic 100mA Max 

• Low V CESAT (at SOmA) 0.4 Typ 

Applications 

• Drivers for 
• Incandescent Display Devices 
• LED Displays 
• Relay Control 
• Thyristor Firing 

Pinouts 
CA3081 

COMMON EMmER CONFIGURATION 
(PDIP, CDIP, 150 mil SOIC) 

TOP VIEW 

CA3081, CA3082 
General Purpose High Current 

N-P-N Transistor Arrays 

Description 
CA3081 and CA3082 consist of seven high current (to 100mA) 
silicon n-p-n transistors on a common monolithic substrate. The 
CA3081 is connected in a common emitter configuration and the 
CA3082 is connected in a common collector configuration. 

The CA3081 and CA3082 are capable of directly driving seven 
segment displays, and light emitting diode (LED) displays. These 
types are also well suited for a variety of other drive applications, 
including relay control and thyristor firing. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3081 ·55"C to + 125°C 16 Lead Plastic DIP 

CA3081F ·55"C to + 125°C 16 Lead Ceramic DIP 

CA3081M -55"C to +125OC 16 Lead Narrow Body SOIC 

CA3081M96 _55°C to +125°C 16 Lead Narrow Body SOIC' 

CA3082 -55°C to +125°C 16 Lead Plastic DIP 

CA3082F -55"C to +125OC 16 Lead Ceramic DIP 

CA3082M -550C to +125°C 16 Lead Narrow Body SOIC 

CA3082M96 -550C to + 125°C 16 Lead Narrow Body SOIC' 

• Denotes Tape and Reel 

CA3082 
COMMON COLLECTOR CONFIGURATION 

(PDIP, CDIP, 150 mil SOIC) 
TOP VIEW 

CAUTION: These dwices are sens~ive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 480.2 
Copyright @ Harris Corporation 1993 
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Specifications CA3081, CA3082 

Absolute Maximum Ratings (TA = +25"C) Operating Conditions 
Collector-to-Emitter Voltage (VCEO) •••.•••••••••••.•••••• 16V Operating Temperature Range ••••••••••••• -55°C S TA S +1250C 
Collector-to-Base Voltage (VCBO) •••••••••••••••••••••••• 20V Storage Temperature Range ••••.•••••••••• -65°C S TA S + 15O"C 
Collector-to-Substrate Voltage (Velo) (Note 1) •.•..••••••... 20V 
Emitter-to-Base Voltage (VEBO) •••••••••••••••••••••••••• 5V 
Collector Current(lcl ............................... 1 oomA 
Base Current (Ie> •••....•.•.•••...••.•••.••••••••••• 20mA 
Power Dissipation 

Any One Transistor •••.•••••••••••••••••••••••••• 500mW 
Total Package .................................. 750mW 
Above TA = +55OC. • • • • • • • • • • • • •• Derate Unearly 6.67mWf'C 

Junction Temperature .............................. +1750C 
Junction Temperature (Plastlc Package) ••••••••••••••• +15O"C 
Lead Temperature (Soldering 1 0 Sec.) ••••••••••••••• , • +3oooC 

CAUTION: Stresses aboII8 those listed in "Absolute Maximum Ra6ngs" may cause permanent damage 10 the davice. This Is a stress only rating and operation 
of the device at these or any other conditions above those indicated In the operational seclions of this specification is not implied. 

Electrical Specifications For Equipment Design TA = +25OC 

LIMIT 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Collector-to-Base Breakdown Voltage V(BR)CBO Ic = 500llA, IE = 0 20 60 - V 

Collector-to-Substrate Breakdown Voltage V(BR)CIO Ic = 5OO!IA, 18 = 0 20 60 - V 

Collector-to-Emitter Breakdown Voltage V(8R)CEO Ic=lmA,18=0 16 24 - V 

Emitter-to-Base Breakdown Voltage V(8R)EBO Ic = 500IJA 5.0 6.9 - V 

DC Forward Current Transfer Ratio hFE VCE = 0.5V,lc = 30mA 30 68 - -
VCE = 0.8V,lc = SOmA 40 70 - -

Base-to-Emitter Saturation Voltage (Figure 2) V8ESAT IC=30mA, 18= lmA - 0.87 1.2 V 

Collector-to-Emitter Saturation Voltage VCESAT 
CA3081, CA3082 Ic = 30mA, 18 = 1 mA - 0.27 0.5 V 

CA3081 (Figure 3) Ic = SOmA, 18 = SmA - 0.4 0.7 V 

CA3082 (Figure 3) Ic = SOmA, 18 = SmA - 0.4 0.8 V 

Collector Cutoff Current ICEO Vee" 10V, 18 = 0 - - 10 IIA 
Collector Cutoff Current ICBO VC8 = 10V, IE = 0 - - 1.0 IIA 
NOTE: 

1. The collector of each transistor of the CA3081 and CA3082 is isolated from the substrate by an integral diode. The substrate must be 
connected to a voltage which Is more negative than any collector voltage in order to maintain isolation between transistors and provide 
normal transistor action. To avoid undesired coupling between transistors, the substrate terminal (5) should be maintained at either DC 
or signal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 

Typical Performance Curves 
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CA3081, CA3082 

Typical Performance Curves (Continued) 
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Typical Read - Out Driver Applications 

V+ 11 SEGMENT OF INCANDESCENT DISPLAY 
(DR2000 SERIES OR EQUIVALENT) 

FROM 1n CA3081 
DECODER (COMMON EMITTER) 

FIGURES. SCHEMATIC DIAGRAM SHOWING ONE TRANSISTOR 
OF THE CA3081 DRIVING ONE SEGMENT OF AN 
INCANDESCENT DISPLAY 
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40736R 

• The Resistance for R is determined by the relationship: 

Vp-VBE-VF(LED) 

R = I(LED) 

R = OforV p = VBE +VF(LED) 

Where: Vp = Input Pulse Voltage 
VF - Forward Voltage Drop Across the Diode 

FIGURE6. SCHEMAnC DIAGRAM SHOWING ONE TRANSISTOR 
OF THE CA3082 DRMNG A LIGHT EMlrnNG DIODE 
(LED) 
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Features 

• Hlghlc •••••••••••••••••••••••••••••• 100mAMax 

• Low V CE sat<at SOmA) ••••••••••••••••••• O.7V Max 

• Matched Pair (01 and O2) 

• VIO (VBE Matched) ....•••.•.••••..•..... ±SmV Max 

• 110 (at 1mA) ......................... 2.SJJA Max 

• S Independent Transistors Plus Separate Substrate 
Connection 

Applications 

• Signal Processing and Switching Systems Operating 
from DC to VHF 

• Lamp and Relay Driver 

• Differential Amplifier 

• Temperature Compensated Amplifier 

• Thyristor Firing 

CA3083 
General Purpose High Current 

N-P-N Transistor Array 

Description 
The CA3083 is a versatile array of five high current (to 
100mA) n·p-n transistors on a common monolithic substrate. 
In addition, two of these transistors (Q1 and Q2) are matched 
at low current (i.e. 1mA) for applications in which offset 
parameters are of special importance . 

Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in circuit 
design. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3083 -55°C to + 125°C 16 Lead Plastic DIP 

CA3083F -550C to +125°C 16 Lead Ceramic DIP 

CA3083M ·55°C to +125°C 16 Lead Narrow Body SOIC 

CA3083M96 -55°C to + 125°C 16 Lead Narrow Body SOIC' 

• See Application Note ANS296 "Applications of the • Denotes Tape and Reel 
CA3018 Circuit Transistor Array" for Suggested 
Applications 

Pinout 
CA3083 

(PDIP, CDIP 150mll SOIC) 
TOP VIEW 

CAUTION: These devices are sensltlw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 

Copyright @Harris Corporation 1993 
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Specifications CA3083 

Absolute Maximum Ratings (TA = +25°C) 

The following ratings apply for each transistor In the device: 
Collector-to-Emitter Voltage, VCEO •••••••••••••••••••••• ; 15V 
Collector-to-Base Voltage, V ceo ......................... 20V 
Collector-to-Substrate Voltage, V ClO (Note 1) ••••••••••••••• 20V 
Emitter-to-Base Voltage, VEBO ••••••••••••.•••••••••••.•• 5V 
Collector Current (Id ••••••••••••••••••••••••••••••• 100mA 
Base Current (IB) ••••••••••••••••••••••••••••••••••• 2OmA 
Power Dissipation 

Any One Transistor .••••••••••••••••••••••••••••• SOOmW 
Total Package •••••••••••••••••••••••••••••••• , • 750mW 
TA > +55°C ••••••••••••••••••••••••• Derate at 6.67mWI"C 

Junction Temperature ••••••••••••••••••••.••••••••• + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +1SOOC 
Lead Temperature (Soldering 10 Sec.) ................• +3000C 

Operating Conditions 
Operating Temperature Range ••••••.•••••• -55OC ~TA~ +1250C 
Storage Temperature Range ••••••••.•••••• -65°C ~ TA ~ +1 SOOC 

CAUTION: Stresses abo"" those listed in "Absolute Maximum Ratings" may causs p8ftn8llsnt damage to the davies. This Is a stress only rating and operation 
of the device at these or any other conditions above those Indicated In the operational sections of /his specification Is not ImpHed. 

Electrical Specifications TA = +250C. For Equipment Design 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

FOR EACH TRANSISTOR 

Collector-to-Base Breakdown Voltage V(BR)CBO Ic = 100lJA,IE = 0 20 60 - V 

Collector-ta-Emltter Breakdown Voltage V(BR)CEO Ic=1mA,IB=0 15 24 - V 

Collector-to-Substrate Breakdown Voltage V(BR)CIO ICI = 100lJA, IB = 0, IE = 0 20 60 - V 

Emltter-to-Base Breakdown Voltage V(BR)EBO IE = 5OOIJA, Ic = 0 5 6.9 - V 

Collector-Cutoff-Current ICEO VCE = 10V,IB = 0 - - 10 IJA 

Collector-Cutoff-Current ICBO VCB =10V,IE=0 - - 1 IJA 

DC Forward-Current Transfer Ratio (Note 2) (Figure 1) hFE VcE =3V Ic=10mA 40 76 -
Ic=50mA 40 75 -

Base-to-Emitter Voltage (Figure 2) VBE VCE = 3V, Ic = lOrnA 0.65 0.74 0.65 V 

CoIlector-ta-Emitter Saturation Voltage (Figures 3, 4) VCESAT Ic = 50mA, IB = 5mA - 0.40 0.70 V 

Gain Bandwidth Product fT VCE = 3V, Ic = 10rnA - 450 - MHz 

FOR TRANSISTORS 01 AND 02 (As a Differential Amplifier) 

Absolute Input Offset Voltage (Figure 6) IVIOI VCE = 3V,Ic = 1mA - 1.2 5 mV 

Absolute Input Offset Current (Figure n II~ VCE = 3V,Ic = 1mA - 0.7 2.5 IJA 

NOTE: 

1. The collector of each transistor of the CA3063 Is Isolated from the substrate by an integral diode. The substrate must be connected to a 
voltage which Is more negative than any collector voltage in order to maintain Isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between tninslstors, the substrate terminal (5) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 

2. Actual forcing current Is via the emitter for this test. 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Applications 

• Three Isolated Translstora and One Differantlally Con
nected Transistor Pair For Low-Power Applications 
from DC to 120 MHz 

• General-Purpose Use In Signal Processing Systems 
Operating In the DC to 190MHz Range 

• Temperature Compensated Amplifiers 

• See Application Note, AN5296 "Application of the 
CA3018 Integrated-Clrcult Transistor Array'" for Sug
gested Applications 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3086 -55"C to + 125°C 14 Lead Plastic DIP 

CA3086M -55°C to +125°C 14 LeadSOIC 

CA3086M96 _55°C to + 125°C 14 Lead SOIC· 

CA3086F -5500 to +125°C 14 Lead Ceramic DIP 

• Denotes Tape and Reel 

Pinout 

Description 

CA3086 
General Purpose N-P-N 

Transistor Array 

The CA3086 consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a differentially 
connected pair. 

The transistors of the CA3086 are well sl!ited to a wide vari
etyof applications in low-power systems at frequencies from 
DC to 120MHz. They may be used as discrete transistors in 
conventional circuits. However, they also provide the very 
significant inherent advantages unique to integrated circuits, 
such as compactness, ease of physical handling and ther
mal matching. ' 

CA3086 
(pOIP, COIP, SOIC) 

TOP VIEW 

SUBSTRATE 

CAUTION: These devices are sensltlw to electrostatic discharge. Users ehould follow proper I.C. Handling Procedures. 
Copyright e Harris Corporation 1993 

File Number 483.2 
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Specifications CA3086 

Absolute Maximum Ratings 
Power Dissipation 

Anyone transistor •••••••••••••••••••••••••••.••• aoOmW 
Total package up to TA = +55"C •••••••••••••••••••• 750mW 
Above TA = +55"C •••••••••••••••• Derate linearly 6.67 mWf'C 

Junction Temperature ••......••..•••••••••.•.•.•••• +1750 C 
Junction Temperature (Plastic Package) ••••••••••••••• +loooC 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3oooC 
The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage, VCEO ••••••••••••••••••••• 15V 
Collector-to-Base Voltage, Vceo ••••••••••••••••••••••• 20V 
Collector-to-Substrate Voltage, V ClO (Note 1) ••..••••••••• 20V 
Emitter-to-Base Voltage, VEeo .....•..••••.......•••••• 5V 
Collector Current, Ic ••••••••••••••••••••••••••••••• SOmA 

Operating Conditions 
Ambianl Temperature Range 

Operating ••••••••••••••••••••.•••••••••• -55°C 10 + 125°C 
Storage •••••••••••••••••••••.•••••••••• -65"C to + 1 oooC 

CAUTION: Stresses abOWl those listed in "Absolute Maximum Ratings" may cause permanent damage to the dtwice. This is a stress only IB/lng and Op8IB/ion 
of the device at these or any other conditions aboll8 /hose Indicated in the DpeIBtionaJ sections of this specification is not implilJd. 

Electrical Specifications TA = +25"C, For Equipment Design 

LIMITS 
TEST 

PARAMETERS SYMBOLS CONDITIONS MIN TVP MAX UNITS 

Collector-to-Base Breakdown Voltage V(eR)CBO Ic = 10llA, IE = 0 20 60 - V 

Collector-to-Emitter Breakdown Voltage V(BR)CEO Ic=lmA,IB=O 15 24 - V 

Collector-to-Substrate Breakdown Voltage V(eR)CIO Ic = 10llA, ICI = 0 20 60 - V 

Emilter-to-Base Breakdown Voltage V(eR)EBO IE = 10J1A, Ic = 0 5 7 - V 

Collector-Cutoff Current (Figure 1) ICBO Vce = 10V,IE = 0, - 0.002 100 nA 

Collector-Cutoff Current (Figure 2) ICEO VCE = 10V,Ie = 0, - (Figure 2) 5 IIA 

DC Forward-Current Transfer Ratio (Figure 3) hFE VCE=3V,lc=lmA 40 100 -
NOTE: 

1. The collector of each transistor In the CA3066 is Isolated from the substrate by an Integral diode. The substrate (terminal 13) must be 
connected to the most negative point In the external circuit to maintain isolation between transistors and to provide for normal transistor 
action. To avoid undesirable coupling between transistors, the substrate (terminal 13) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signai ground. 

Electrical Specifications TA = +25"C, lYPicai Values Intended Only for Design Guidance 

TYPICAL 
PARAMETERS SYMBOLS TEST CONDITIONS VALUES UNITS 

DC Forward-Current Transfer Ratio hFE Vee=3V Ic= 10mA 100 
(Figure 3) 

Ic= 10llA 54 

Base-to-Emitter Voltage (Figure 4) Vee VcE =3V IE= 1 mA 0.715 V 

IE= lOrnA 0.600 V 

Vee Temperature CoeffICient (Figure 5) tNeelllT VCE = 3V, Ic = 1 mA -1.9 mVf'C 

Collector-to-Emitter VCESAT Ie = lmA,lc = lOrnA 0.23 V 
Saturation Voltage 

Noise Figure (Low Frequency) NF f= 1kHz, Vee =3V,lc = lOOJ1A, 3.25 dB 
Rs=lkn 
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Specifications CA3086 

Electrical Specifications TA = +25"C, ~ical Values Intended Only for Design Guidance (Continued) 

TYPICAL 
PARAMETERS SYMBOLS TEST CONDITIONS VALUES UNITS 

Low·Frequency, Small-Signal Equivalent· f = 1kHz,Vee = 3V,Ic = 1mA 
Circuit Characteristics: 

Forward Current·Transfer Ratio hFE 100 · 
(Figure 6) 

Short·Clrcuit Input Impedance hiE 3.5 kn 
(Figure 6) 

Open·Circuit Output Impedance hoe 15.6 IImho 
(Figure 6) 

Open·Circuit Reverse-Vollage hRE 1.8 X 10'" · 
Transfer Ratio (Figure 6) 

Admittance Characteristics: f = 1MHz,VCE = 3V,Ic = 1mA 

Forward Transfer Admittance, YFE 31· j1.5 mmho 
(Figure 7) 

Input Admittance (Figure 8) YIE 0.3+ jO.04 mmho 

Output Admittance (Figure 9) YOE 0.001 + ]0.03 mmho 

Reverse Transfer Admittance YRE See Figure 10 · 
(Figure 10) 

Gain-Bandwidth Product (Figure 11) 'T Vee = 3V, Ic = 3mA 550 MHz 

Emltter-ta-Base Capacitance CEBO VEB = 3V, IE = 0 0.6 pF 

Collector-ta-Sese Capacitance CCBO VCB = 3V,lc= 0 0.58 pF 

Collector-to-Substrate Capacitance CCIO Vcl =3V,lc=0 2.8 pF 

Typical Static Characteristics for Each Transistor 
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CA3086 

Typical Static Characteristics for Each Transistor (Continued) 
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Typical Static Characteristics for Each Transistor (Continued) 
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March 1993' 

Applications 

• Five-Independent Transistors 

- Three N-P-N and 

- Two P-N-P 

• Differential Amplifiers 

• DC Amplifiers 

• Sense Amplifiers 

• Level Shifters 

• Timers 

• Lamp and Relay Drivers 

• Thyristor Firing Circuits 

• Temperature Compensated Amplifiers 

• Operational Amplifiers 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3096AE -55°C to +12500 16 Lead Plastic DIP 

CA3096AM -55°C to +12500 16 Lead Narrow Body SOIC 

CA3096AM96 -55°C to +12500 16 Lead Narrow Body SOIC· 

CA3096CE -55°C to +12500 16 Lead Plastic DIP 

CA3096E -55°C to +125°C 16 Lead Plastic DIP 

CA3096M -55°C to +12500 16 Lead Narrow Body SOIC 

CA3096M96 -55°C to +12500 16 Lead Narrow Body SOIC· 

• Denotes Tape and Reel 

Pinout 
CA3096, CA3096A, CA3096C 

(PDIP,150 mil SOIC) 
TOP VIEW 

CA3096 
N-P-NlP-N-P Transistor Array 

Description 

The CA3096C, CA3096, and CA3096A are general purpose 
high voltage silicon transistor arrays. Each array consists of 
five independent transistors (two p-n-p and three n-p-n 
types) on a common substrate, which has a separate con
nection. Independent connections for each transistor permit 
maximum flexibility in circuit design. 

Types CA3096A, CA3096, and CA3096C are identical, 
except that the CA3096A specifications include parameter 
matching and greater stringency in Iceo ICEO and 
VCE(SAT). The CA3096C is a relaxed version of the CA3096. 

CA3096A, CA3096, CA3096C 
Essential Differences 

CHARACTERISTIC CA3096A CA3096 

V(BR)CEO (V) Min 

n-p-n 35 35 

p-n-p -40 -40 

V(BR)CBO (V) Min. 

n-p-n 45 45 

p-n-p -40 -40 

hFE at1mA 

n-p-n 150-500 150-500 

p-n-p 20-200 20-200 

hFE at 100llA 

p-n-p 40-250 40-250 

ICBO (nA) Max. 

n-p-n 40 100 

p-n-p -40 -100 

ICEO (nA) Max. 

n-p-n 100 1000 

p-n-p -100 -1000 

V CE SAT (V) Max. 

n-p-n 0.5 0.7 

IVlol (mV)Max. 

n-p-n 5 -
p-n-p 5 -

11101 (1lA) Max. 

n-p-n 0.6 -
p-n-p 0.25 -

CA3G96C 

24 

-24 

30 

-24 

100-670 

15-200 

30-300 

100 

-100 

1000 

-1000 

0.7 

-
-

-
-

CAUTION: These devices are sens~iWl to electrostatic discharge. Users should follow proper tC. Handling Procedures. File Number 595.2 
Copyrlght@Harris Corporation 1993 
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Specifications CA3096, CA3096A, CA30!J!;C 

Absolute Maximum Ratings Operating Conditions 
N-P-N 

Collector-ta-Emitter Voltage, VCEO 
P-N-P Operating Temperatura Range ••.••••.••••• -55"C :S TA :S + 125°C 

Storage Temperatura Range ••••••••••••••• -65"C :S TA :S + 15O"C 
CA3096, CA3096A ••••••.•••••••••.•••• 35V 
CA3096C •••••••••••••••..•••••.•.••• 24V 

Collector-Io-Base Voltage, Vceo 
CA309B, CA3096A •••.•••••••••.••••••• 45V 
CA3096C ••••••••••••••••••••••••.••• 30V 

Collector-Io-Substrata Voltage, V CIO (Nota 1) 
CA3096, CA309BA ••••••••••••••••••••• 45V 
CA3096C .••••••••••••••••••••••••••• 30V 

Emltter-Io-Substrale Voltage, VEIO 
CA3096, CA309BA • . . • . • • . • • . • • . . • . • • • •. -
CA3096C •••••••••••••.••••••••••.•••• -

Emitter-ta-Base Voltage, VEeo 
CA309B, CA309BA •••••••••••••••••••••• BV 
CA3096C ••••....•••.•••••••...••••••• BV 

Collector Current, Ic (AII"J\Ipes) •••••.••••••• SOmA 
Power Dissipation, Po (Up to TA = +55°C) 

-40V 
-24V 

-40V 
~24V 

-40V 
-24V 

-40V 
-24V 

-10mA 

Device (Total) .••••.•.•.•.•.•••••..••••••••....• 7SOmW 
Each ll'anslstor ••••.••.•••••.••...•••••.•.•••••. 200mW 
Above TA = +55°C. • • • • • • • • • • •. Derata Llneerly at B.B7mWI"C 

Junction Temperature (Plastic Packages) ...•••.•••••••. +15O"C 
Lead Temperatura (Soldering 1 0 Sec.) ..•....••.......• +3OO"C 

CAUTION: SIrIIss6s aboWl those Hstsd in "Abso/uts Maximum Rallngs" may cause permanent damage to the device. This is a stress only f8tfng and op6f8tion 
of the dev/cs at these or any other conditions aboWIthose indicatsd In the CJp//f8t1ona/ sections of this specification is not /mpHsd. 

Static Electrical Specifications TA = +25"C 

For Equipment Design 

CA3096A 
TEST 

PARAMETERS CONDITIONS MIN TYP 

FOR EACH N-P-N TRANSISTOR 

Iceo Vce =10V, - 0.001 
IE=O 

ICEO VCE =10V, . 0.006 
IB=O 

V(BR)CEO Ic =1mA,IB = 0 35 50 

V(BR)Ceo Ic =101lA, 45 100 
IE=O 

V(BR)CIO 101 = 10!1A, 45 100 
IB=IE=O 

V(BR)Eeo IE = 10llA, B 8 
Ic=O 

Vz Iz = 10!1A 6 7.9 

VCEBAT Ic=10mA, - 0.24 
IB=1mA 

VBE (Nole2) Ic=1mA, 0.6 0.69 
VCE=5V 

hFE (Nole2) 150 390 

MAX MIN 

40 -

100 -

- 35 

- 45 

- 45 

- 6 

9.8 6 

0.5 . 

0.78 0.6 

500 150 
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LlMrrs 

CA3096 CA3096C 

TYP MAX MIN TYP MAX UNITS 

0.001 100 - 0.001 100 nA 

0.006 1000 . - 0.006 1000 nA 

50 . 24 35 - V 

100 - 30 80 - V 

100 - 30 80 . V 

8 - 6 8 - V 

7.9 9.8 6 7.9 9.8 V 

0.24 0.7 - 0.24 0.7 V 

0.69 0.78 0.6 0.69 0.78 V 

390 500 100 390 670 



Specifications CA3096, CA3096A, CA3096C 

Static Electrical Specifications TA = +25°C (Continued) 
For Equipment Design 

CA3096A 
TEST 

PARAMETERS CONDITIONS MIN TYP 

laVBE/aTI (Note 2) Ic=lmA, - 1.9 
VcE =5V 

FOR EACH P-N-P TRANSISTOR 

ICBO VcB =-10V, - -0.006 
IE=O 

ICEO VCE = -10V, - -0.12 
IB=O 

V(BR)CEO Ic = -1001lA, -40 -75 
IB=O 

V(BR)CBO Ic = -101lA, -40 -80 
IE = 0 

V(BR)EBO IE=-IOIlA, -40 -100 
Ic=O 

V(BR)EIO lEI = 101lA, 40 100 
IB = Ic =0 

VCESAT Ic=-lmA, - -0.16 
IB = -10011A 

VBE (Note 2) Ic = -1001lA, -0.5 -0.6 
VCE =-5V 

hFE (Note 2) Ic = -1001lA, 40 85 
VCE =-5V 

Ic=-lmA, 20 47 
VCE =-5V 

laVBE/aTI (Note 2) Ic = -1001lA, - 2.2 
VCE =-5V 

IcBO Collector-Cutoff Current 

ICEO Collector-Cutoff Current 

V(BR)CEO Collector-to-Emitter Breakdown Voltage 

V(BR)CBO Collector-to-Base Breakdown Voltage 

V(BR)CIO Collector-to-Substrate Breakdown VoHage 

V(BR)EBO Emitter-to-Base Breakdown Voltage 

NOTE: 

MAX 

-

-40 

-100 

-

-

-

-

-0.4 

-0.7 

250 

200 

-

LIMITS 

CA3096 CA3096C 

MIN TYP MAX MIN TVP MAX 

- 1.9 - - 1.9 -

- -0.06 -100 - -0.06 -100 

- -0.12 -1000 - -0.12 -1000 

-40 -75 - -24 -30 -

-40 -80 - -24 -60 -

-40 -100 - -24 -80 -

40 100 - 24 80 -

- -0.16 -0.4 - -0.16 -0.4 

-0.5 -0.6 -0.7 -0.5 -0.6 -0.7 

40 85 250 30 85 300 

20 47 200 15 47 200 

- 2.2 - - 2.2 -

Vz Emitter-to-Base Zener Voltage 

VCE SAT Collector-to-Emitter Saturation Voltage 

VeE Base-to-Emitter Voltage 

hFE DC Forward-Current Transfer Ratio 

laVBe!aTI Magnitude of Temperature Coefficient: 
(for each transistor) 

UNITS 

mVf'C 

nA 

nA 

V 

V 

V 

V 

V 

V 

mVf'C 

1. The collector 01 each transistor of the CA3096 Is isolated from the substrate by an integral diode. The substrate (terminal 16) must be 
connected to the most negative point in the external circun to maintain Isolation between transistors and to provide for normal transistor 
action. 

2. Actual forcing current is via the emitter for this test 
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Specifications CA3096, CA3096A, CA3096C 

Static Electrical Specifications TA = +250C (CA3096A Only) 

For Equipment Design 

PARAMETERS SYMBOL TEST CONDITIONS MIN 

FOR TRANSISTORS Ql AND Q2 (AS A DIFFERENTIAL AMPLIFIER) 

Absolute Input Offset Voltage IVloi VCE = 5V, Ic = lmA 

Absolute Input Offset Current iliol 

Absolute Input Offset Voltage I,Wlol 
Temperature Coefficient AT 
FOR TRANSISTORS Q4 AND Q5 (AS A DIFFERENTIAL AMPLIFIER) 

Absolute Input Offset Voltage IVlol VCE = -5V, Ic = -1001JA 
Rs=O 

Absolute Input Offset Current iliol 

Absolute Input Offset Voltage IAVloi 
Temperature CoeffICient AT 

Dynamic Electrical Specifications TA = +25°C 

Typical Values Intended Only lor Design Guidance 

PARAMETERS SYMBOL 

FOR EACH N-P-N TRANSISTOR 

-
-
-

-
-
-

TEST CONDITIONS 

LIMITS 

CA3096A 

TYP 

0.3 

0.07 

1.1 

0.15 

2 

0.54 

Noise Figure (Low Frequency) NF I = 1kHz, VCE = 5V, Ic = lmA, Rs = 1110 

Low-Frequency, Input Resistance RI 1= 1.0kHz, VCE = 5V Ic = 1 mA 

Low-Frequency Output Resistanca Ro 1= 1.OkHz, VCE = 5V Ic = 1 mA 

Admittance Characteristics 

Forward Transler Admittanca lifE 1= 1 MHz, Vee = 5V, Ic = lmA 
YFE 

bFE 1= 1 MHz, VCE = 5V, Ic = lmA 

Input Admittance glE f = lMHz, VCE = 5V, Ic = lmA 
YIE 

blE f = lMHz, VCE = 5V, Ic = lmA 

Output Admittance QaE f= 1 MHz, VCE = 5V, Ic= lmA 
YOE 

beE f = 1 MHz, VCE = 5V, Ic = lmA 

Gain-Bandwidth Product fT VCE = 5V, Ic = 1.0mA 

VCE = 5V, Ic = 5mA 

Emitter-To-Base CapaCitance CEB VEB =3V 

COllector-To-Base Capacitance Cce VcB =3V 

Collector-To-Substrate Capacitance CCI VCI =3V 

6-36 

MAX UNITS 

5 mV 

0.6 IJA 

- IlVf'C 

5 mV 

250 nA 

- IlVf'C 

TYPICAL 
VALUES UNITS 

2.2 dB 

10 110 

80 110 

7.5 mmho 

-J13 mmho 

2.2 mmho 

13·1 mmho 

0.76 mmho 

12·4 mmho 

280 MHz 

335 MHz 

0.75 pF 

0.46 pF 

3.2 pF 



Specifications CA3096, CA3096A, CA3096C 

Dynamic Electrical Specifications TA = +25°C 

Typical Values Intended Only for Design Guidance 

PARAMETERS SYMBOL TEST CONDITIONS 

FOR EACH P-N-P TRANSISTOR 

Noise Figure (Low Frequency) NF f = 1kHz, Ic = 100IlA, Rs = 1k.Cl 

Low-Frequency Input Resistance RI f = 1kHz, VCE = 5V, Ic = 10011A 

Low-Frequency Output Resistance Ro f = 1kHz, VCE = 5V, Ic = 10011A 

Gain-Bandwidth Product fT VeE = 5V, Ic = 100IlA 

Emilter-To-Base Capacitance CEB VEB =-3V 

Collector-To-Base Capacitance CCB VcB =-3V 

Base-To-Substrate Capacitance CBI VBI =3V 

Metallization Mask Layout 

o 
I 

40-

CA3096H 

10 20 30 
I I I --

37-45 
(0.1140-1.143) 

40 
I ---r--

37-45 
(0.940-1.143) 

Dimensions In parentheses are in millimeters and are derived from the ba
sic inch dimensions as indicated. Grid graduations are in mils (10-3 inch). 

The photographs and dimensions represent a chip when it is part of 
the wafer. When the wafer is cut into chips, the cleavage angles are 
57° instead of 900 with respect to the face of the chip. Therefore, the 
isolated chip is actually 7 mils (0.17mm) larger in both dimensions. 
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3 dB 

'ZT k.Cl 

680 k.Cl 

6.8 MHz 

0.85 pF 

2.25 pF 

3.05 pF 



CA3096, CA3096A, CA3096C 

Typical Performance Curves 
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CA3096, CA3096A, CA3096C 

Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Typical Applications 
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Typical Applications (Continued) 
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Typical Applications (Continued) 

NOTES: 

1. Can be operated wtth either dual 
supply or single supply. 

2. Wide-input common mode range 
+5Vto-5V. 

3. Low bias current: <1I1A. 

FIGURE 38. CASCADE OF DIFFERENTIAL AMPLIFIERS USING CA3096A 

70 

60 

~ 50 
z 

~ ..... 

" Oil 
c:J 40 w 

~ 
'-' 
!i! 30 

20 

10 
1 10 100 1000 

FREQUENCY (kHz) 
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Features 

• Gain Bandwidth Product (fT) •••••••••••••••• >1GHz 

• Power Gain ••••••••••••••••• 30dB (Typ) at 100MHz 

• Noise Figure •••••••••••••••• 3.5dB (Typ) at 100MHz 

• Five Independent Transistors on a Common Substrate 

Applications 

• VHF Amplifiers 

• MuHlfunctlon Combinations - RFIMlxer/Osclllator 

• Sense Amplifiers 

• Synchronous Detectors 

• VHFMixers 

• IF Converter 

• IF Amplifiers 

• Synthesizers 

• Cascade Amplifiers 

Pinout 

CA3127 
High Frequency N-P-N Transistor Array 

Description 
The CA3127· consists of five general purpose silicon n-p-n 
transistors on a common monolithic substrate. Each of the 
completely isolated transistors exhibits low 111 noise and a 
value of fT in excess of 1GHz, making the CA3127 useful 
from DC to 5OOMHz. Access is provided to each of the termi
nals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi
bility. The monolithic construction of the CA3127 provides 
close electrical and thermal matching of the five transistors. 

• Formerly Development Number TA6206. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3127E -55°C to +125OC 16 Lead Plastic DIP 

CA3127F -55°C to +12500 16 Lead Ceramic DIP 

CA3127M -55°C to +125OC 16 Lead Narrow Body SOIC 

CA3127M96 -55°C to +12500 16 Lead Narrow Body SOIC· 

• Denotes Tape and Reel. 

CA3127 

SUBSTRATE 

(PDIP, CDIP, 150MIL SOIC) 
TOP VIEW 

CAUTION: Thesa devices ara sensHive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications CA3127 

Absolute Maximum Ratings 
Power DIssipation, Po 

Any One Transistor ••••••••••••••••••••••••••••• 85mW 
Total Package 

For TA Up to +7500 •••••••••••••••••.•••••••••• 425mW 
For TA > +750C ••••••••••••• Derate Linearly at 6.67mWf'C 

The following ratings apply for each transistor In the device 
Collector-to-Emitter Voltage, Vceo ••••••••••••••••••••• 15V 
Collector-to-Base Voltage, VCBO ••••••••••••••••••••••• 20V 
Collector-to-Substrate Voltage, V CIO (Note 1) ••••••••••••• 20V 
Collector Current, Ic ••••••.•••••••••••••••••••••••• 20mA 

Junction Temperature ••••••..•••••..••••••.•••••••• + 175°C 
Junction Temperature (Plastic Packages) ••••••.•••••••• + 15O"C 
Lead Temperature (Soldering 10 Sec.) ••••••••••.•••••• +3000C 

Operating Conditions 
Operating Temperature Range •••••••••••••••• -5500 to + 125°C 
Storage Temperature Range ••••••••..•.•••••• -6500 to +1500 C 

CAUTION: Stresses abOIl8 those listed in ·Absolute Maximum Ratings· may cause parmanent damage to the device. This is a stress only rating and operation 
of the device at these or any other condfflons above those indicated in the operational sections of this specification is not impHed. 

Electrical Specifications TA = +250C 

LIMITS I 
PARAMETERS TEST CONDITIONS MIN TYP MAX I UNITS 

DC SPECIFICATIONS (For Each Transistor) 

Collector-to-Base Breakdown Voltage Ic = 10llA, 'E = 0 20 32 - V 

Collector-to-Emitter Breakdown Voltage Ic = 1 mA, Ie = 0 15 24 - V 

Collector-to-Substrate Breakdown-Voltage Ic, = 10llA, Ie = 0, Ie = 0 20 60 - V 

Emitter-to-Base Breakdown Voltage (Note 2) Ie = 10llA, Ic = 0 4 5.7 - V 

Collector-Cutoff-Current Vce= 10Vle=0 - - 0.5 IlA 
Collector-Cutoff-Current Vce=10V,le=0 - - 40 nA 

DC Forward-Current Transfer Ratio Vce=6V Ic=5mA 35 88 -
Ic=lmA 40 90 -
Ic=O.lmA 35 85 -

Base-to-Emitter Voltage Vce=6V Ic=5mA 0.71 0.81 0.91 V 

Ic=lmA 0.66 0.76 0.86 V 

Ic=O.lmA 0.60 0.70 0.80 V 

Collector-to-Emitter Saturation Voltage Ic = 10mA,Ie = lmA - 026 0.50 V 

Magnitude of Difference In VeE Q, & ~ Matched - 0.5 5 mV 

Magnitude of Difference In Ie VCE = 6V,Ic = lmA - 0.2 3 pA 

SWITCHING SPECIFICATIONS 

Noise Figure 1 = 100kHz, Rs = 5000, Ic = lmA - 2.2 - dB 

Gain-Bandwidth Product VCE = 6V,Ic = 5mA - 1.15 - GHz 

Collector-to-Base Capacitance Vce=6V,I=IMHz - See - pF 

Collector-to-Substrate Capacitance VCI = 6V, 1= lMHz - FIQ.5 - pF 

Emltter-to-Base Capacitance Vee = 4V, I = 1MHz - - pF 

Voltage Gain VCE = av, 1= IOMHz, RL = lkO,lc = 1mA - 28 - dB 

Power Gain . Cascode Configuration 27 30 - dB 

Noise Figure 1 = 100MHz, V+ = 12V,Ic = lmA - 3.5 - dB 

Input Resistance Common-Emitter Configuration - 400 - 0 

Output Resistance VCE = 6V,Ic = lmA, 1 = 200 MHz - 4.6 - kO 

Input Capacitance - 3.7 - pF 

Output CapaCitance - 2 - pF 

Magnitude 01 Forward Transedmlttance - 24 - mmho 

NOTE: 

1. The collector of esc" transistor of the CA3127 Is isolated from the substrate by an integral diode. The substrate (terminal 5) must be con
nected to the most negative point in the external circuit to maintain Isolation between transistors and to provide lor normal transistor action. 

2. When used as a zener lor reference voltage, the device must not be subjected to more than 0.1 mJ 01 energy from any possible capacitance 
or electrostatic discharge In order to prevent degradation 01 the junction. Maximum operating zener current should be less than 10mA. 
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CA3127 

Typical Performance Curves 
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CAPACITANCE(PF) 

TRAN-
Cca Cee Cal Ca 

SISTOR PKG TOTAL PKG TOTAL PKG TOTAL PKG TOTAL 

BIAS - 6Y - 6Y - 4V - 6V 
(V) 

01 0.025 0.190 0.090 0.125 0.365 0.610 0.475 1.65 

Q2 0.015 0.170 0.225 0.265 0.130 0.360 0.085 1.35 

Q3 0.040 0.200 0.215 0.240 0.360 0.625 0.210 1.40 

Q4 0.040 0.190 0.225 0.270 0.365 0.610 0.085 1.25 

05 0.010 0.165 0.095 0.115 0.140 0.365 0.090 1.35 

FIGURE SB. TYPICAL CAPACITANCE VALUES AT f= 1 MHz. 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 

CA3127 

O.471'H 

1000 
pF 

TEST 
POINT 

H,-~~-----""--'iiji-O +12V , , 
~: -

: (5) *E.F. JOHNSON NUMBER 160-104-1 
7 ---± OR EQUIVALENT 

- -

this circuit was chosen because it conveniently represents 
a close approximation in performance to a properly unilat
eralized single transistor of this type. The use of Q3 in a 
current-mirror configuration facilitates simplified biasing. 
The use of the cascode circuit in no way implies that the 
transistors cannot be used individually. 

FIGURE 18. 100MHz POWER-GAIN AND NOISE-FIGURE TEST CIRCUIT 

GENERAL RADIO 1021-P1 
100MHz GENERATOR 

(a) POWER GAIN SET-UP 

(b) NOISE FIGURE SET-UP 

BOONTON91C 
R.F. VOLTMETER 

FIGURE 19. BLOCK DIAGRAMS OF POWER-GAIN AND NOISE-FIGURE TEST SET-UPS 
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Features 

CA3141 
High-Voltage Diode Array For Commercial, 

Industrial & Military Applications 

Description 

• Matched Monolithic Construction - VF for Each Diode The CA3141 E High Voltage Diode Array Consists of ten gen
eral purpose high reverse breakdown diodes. Six diodes are 
internally connected to form three common cathode diode 
pairs, and the remaining four diodes are internally connected 
to form two common anode diode pairs. Integrated circuit 
construction assures excellent static and dynamic matching 
of the diodes, making the CA3141 extremely useful for a 
wide variety of applications in communications and switching 
systems. 

Pair Matched to Within O.SSmV (Typ) at IF = 1 mA 

• Low DlodeC8pacltance· O.3pF (Typ) at VR = 2V 

• High Dlode-ta-Substrate Breakdown Voltage • 30V (Min) 

• Low Reverse (Leakage) Current ·100nA (Max) 

Applications 
• Balanced Modulators or Demodulators 

• Analog SWitches 

• High-Voltage Diode Gates 

• Current Ratio Detectors 

Pinout 

Ordering Information 

PART 
NUMBER 

CA3141E 

CA3141 
(PDIP) 

TOP VIEW 

TEMPERATURE 
RANGE 

·55"0 to + 125"C 

CAUTION: These dill/ices are senslH"" to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation '993 
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PACKAGE 

16 Lead Plastic DIP 

File Number 906.2 



Specifications CA3141 

Absolute Maximum Ratings 
Inverse Voltage (PIV) ••••••••••••••••••••••••••••••••• 30V 
Peak Diode -to-Substrate Voltage •••••••••••••••••• • • • • • 30V 
Peak Forward Surge Current [IF (Surge)] •••••••••.•••••• 1 OOmA 
DC Forward Current(IF) ••••••••••••••••••••••.••••••• 2SmA 
DIssipation: 

Any One Diode Unit •••••••••••••••••••••••••••••• 50mW 
Total Package: 
Up to SSoC ••••••.•••••.••••••••••.•••••••••••• 6S0mW 
For TA > 55°C .•••••.•••••...• Derate Linearly at 6.67mWf'C 

Junction Temperature. • • • • • • • . . • • • • • • • • • • • • • • • • • • • • + 17SoC 
Junction Temperature (Plastic Package) ••••••••••••••• +l!iO"C 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3QOOC 

Operating Conditions 
Operating Temperature Range •.•••.••••••• -SSoC :s: TA:S: + 12SoC 
Storage Temperature Range •••••••.••••••. -6SoC :s: TA :s: + 150°C 

CAUTION: Stresses abo ... those listed in "Absolute MaxImum Raflngs" may cause permanent damage to the davies. This Is a stress only rating and operation 
of the device at these or any other conditions abo ... lhasa indiested in the opera/ional sections of this specification is not impHed. 

Electrical Specifications TA = +2SOC 

PARAMETERS SYMBOL 

DC Forward Voltage Drop VF 

DC Reverse Breakdown Voltage V(BR)R 

DC Breakdown Voltage Between Any Diode and V(BR)OI 
Substrate 

DC Reverse (Leakage) Current IR 

DC Reverse (Leakage) CUrrent Between Any Diode 101 
and Substrate 

Magnitude of Diode Offset Voltage Between Diode Pairs 

Temperature Coefficient of Forward Voltage Drop lNpAT 

Reverse Recovery TIme tRR 

Diode Capacitance Co 

Diode Anode-te-Substrate Capacitance COAl 

Diode Cathode-to-Substrate Capacitance COCI 

Magnitude of Cathode-to-Anode Current Ratio IIFdlFAI 

Typical Performance Curves 
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FIGURE 1. DC FORWARD VOLTAGE DROP vs FORWARD 
CURRENT 
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TEST CONDITIONS 

IF (Anode) l00jiA 

lmA 

10mA 

IF = -10jiA 

101 = 1011A 

VF=-20V 

VOl =20V 

VOl = 20V, IFA = lmA 

IF=lmA. 

IF = 2mA, IR = 2mA 

'FA = lmA, Vos = 10V 
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~ 06 g . 
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LIMITS 

MIN TYP 

- 0.7 

- 0.78 

- 0.93 

30 SO 

30 50 

- -
- -
- 0.55 

- -l.S 

- SO 

See Figure 4 

See Figure S 

See Figure 6 
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Typical Performance Curves (Continued) 
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CA3146, CA3183 

March 1993 

Features 

• Matched General Purpose Transistors 

• VBE Matched ±5mV Max 
• Operation from DC to 120MHz (CA3146, A) 

• Low Noise Figure: 3.2dB Typ at 1kHz (CA3146, A) 

• High Ic: 75mA Max (CA3183, A) 

Applications 

High-Voltage Transistor Arrays 

Description 

The CA3l46A, CA3l46, CA3l83A, and CA3l83' are 
general purpose high voltage silicon n-p-n transistor arrays 
on a common monolithic substrate. 

• General Use In Signal Processing Systems In DC 

Types CA3l46A and CA3146 consist of five transistors with 
two of the transistors connected to form a differentially 
connected pair. These types are recommended for low 
power applications in the DC through VHF range. (CA3l46A 
and CA3146 are high voltage versions of the popular 
predecessor type CA3046.) through VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature Compensated Amplifiers 

• Lamp and Relay Drivers (CA3183, A) 

• Thyristor Firing (CA3183, A) 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CA3146AE -40°C to +85"C 14 Lead Plastic DIP 

CA3146AM -400c to +85°C 14 Lead SOIC 

CA3146AM96 -4OOC to +8SoC 14 Lead SOIC' 

CA3146E -40"C to +8SoC 14 Lead Plastic DIP 

CA3146M -400c to +8SoC 14LeadSOlC 

CA3146M96 -400C to +85"C 14 Lead SOIC' 

CA3183AE -400C to +8SoC 16 Lead Plastic DIP 

CA3183AM -40°C to +8SoC 16 Lead Narrow Body SOIC 

CA3183AM96 -40°C to +8SoC 16 Lead Narrow Body SOIC' 

CA3183E -40OC to +8SoC 16 Lead Plastic DIP 

CA3183M -400C to +8SoC 16 Lead Narrow Body SOIC 

CA3183M96 -40OC to +8SoC 16 Lead Narrow Body SOIC' 

'Denotes Tape and Reel 

Pinouts 
CA3146, A (PDlP, SOIC) 

TOP VIEW 

D1FF. 
PAIR 

SUBSTRATE 

Types CA3183A and CA3l83 consist of five high current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Ql and Q2) are matched 
at low current (Le. lmA) for applications where offset 
parameters are of special importance. A special substrate 
terminal is also included for greater flexibility in circuit 
design. (CA3183A and CA3183 are high voltage versions of 
the popular predecessor type CA3083.) 

The types with an "An suffix are premium versions of their 
non-nAn counterparts and feature tighter control of break
down voltages making them more suitable for higher voltage 
applications. 

For detailed application information, see companion Application 
Note AN5296 "Application of the CA3018 Integrated Circuit 
Transistor Arra'!' §! en 

• Formerly Developmental Types Nos. 0( ~ 
CA3146A - TA6084 CA3183A - TA6094 I§ i 
CA3146 - TA6181 CA3183 - TA6183 ~ 0( 

CA3183, A (PDIP, 150MIL SOIC) 
TOP VIEW 

Ui~ Zo 
~Z5 

CAUTION: Thesa d9llicas are sensitive to electrostatic discharge. Usars should follow proper I.C. Handling Procedures. File Number 532.2 
Copyright @ Harris Corporation 1993 
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Specifications CA3146, CA3146A, CA3183,CA3183A 

Absolute Maximum Ratings 
Power Dissipation: (anyone transistor) 

Operating Conditions 
Operating Temperature Range 

CA3146A, CA3146 •••••••••••••••••••••••••••••••• 300mW 
CA3183A, CA3183 •••••••••••••••••••••••••••••••• 500mW 

CA3146A, CA3146, CA3183A, CA3183 •••.•••• -4O"C to +850C 
Storage Temperature Range (all types) ••••••••• -65°C to +15O"C 

Total Package 
Up to +55°C (CA3146A, CA3146, CA3183A, CA3183) •••• 750mW 
Above +5500 ••••••••••••.••••••••• Derate Unearly 6.67mWJOe 
(CA3146, A, CA3183, A) 

The following ratings apply for each transistor in the d6Yice: 
Callector-to-Emitter Voltage (VCEO): 

CA3146A, CA3183A •••••••••••••••••••.••••••••••.••• 4OV 
CA3146, CA3183 •••••••••••••••••••••••••••••••••••• 30V 

Callector-ta-Base Voltage (VCBO): 
CA3146A, CA3183A •••••••••••••••••••••••••••••••••• 50V 
CA3146, CA3183 •••••••••••••••••••••••••••••••••••• 4OV 

Callector-ta-Substrate Voltage (VCIQ): (Note 1) 
CA3146A, CA3183A ••.••••••••••••••••.•••••••••••••• 50V 
CA3146, CA3183 •••••••••••••••••••••••••••••••••••• 4OV 

Emitter-ta-Base Voltage (VEBO) all types ••••••••••••••••••••• 5V 
Collector Current 

CA3146A, CA3146 ••••••••••••••••••••••••••••••••• 50mA 
CA3183 •••••••••••••••••••••••••••••••••••••••••• 75mA 

Base CUrrent (Is) - CA3183A, CA3183 .••••••••••••••••••. 20mA 
Junction Temperature •••••••••••••••••••••••••••••••• +1750C 
Junction Temperature (Plastic Package) ••••••••.•••••• + 15O"C 
Lead Temperature (Soldering 1 0 Sec.) ••••••••••••••••• +3oooC 

CAUTION: StressBs above those lishld in "Absoluhl Maximum Ratings· may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other condlfions above these indicatsd In the operational sections of this spacificatlon is not implied. 

Values Apply For Each Transistor 

DlFF. PAIR AT 1 rnA 
(NOTE 2) Vceo Vceo VCE SAT AT hFEAT1mA, 
PTMAX. IcMAX. (MAX) (MAX) 10mA TYP &Vce =5V VIOMAX 110 MAX TARANGE 

TYPE (mW) (mA) (V) (V) (V) (TVP) (mV) (J.!A) (OPERATING) 

VALUES APPLY FOR EACH TRANSISTOR 

CA3146A 300 50 40 50 0.33 100 ±5 2 -4O"C to +85°C 

CA3146 300 50 30 40 0.33 100 ±5 2 -4ooC to +85OC 

CA3183A 500 75 40 50 0.16 75 ±5 2.5 -4ooC to +85°C 

CA3183 500 75 30 40 0.16 75 ±5 2.5 -4O"C to +85°C 

Comparison Of Related Predecessor Type with Types in this Data Sheet 

VCEO Vceo MIN VCESATTYP VBETYP ICMAX CCBTVP CCiTYP CeBTYP 
TYPE MIN (V) (V) (V) (V) (mA) (pF) (pF) (pF) 

Ic= 10mA Ic=1rnA 

CA3046 15 20 0.23 0.715 50 0.58 2.8 0.6 

CA3146A 40 50 0.33 0.730 50 0.37 2.2 0.7 

CA3146 30 40 0.33 0.730 50 0.37 2.2 0.7 
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Specifications CA3146, CA3146A, CA3183, CA3183A 

Comparison Of Related Predecessor Type with Types In this Data Sheet (Continued) 

VCEO Vcao MIN VCESATTYP V8E TYP ICMAX CcaTVP CCITYP ~8TYP 
TYPE MINM M M M (rnA) (PF) (pF) (pF) 

Ic =50mA Ic =1GmA 

CA3083 15 20 0.4 0.74 100 - - -
CA3183A 40 50 1.7 0.75 75 - - -
CA3183 30 40 1.7 0.75 75 - - -

NOTES: 

1. The collector of each transistor Is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage In order to maintain isolation between translsters, and to provide for normal transistor action. To 
avoid undesired coupling between transistors, the substrata terminal should be maintained at either DC or signal (AC) ground. A suitable 
bypass capacitor can be used to establish a signal ground. 

2. Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA3146 and CA3183 Series circuits 
Is 750mW at temperatures up to +55oC, then derate linearly at 6.67mWfJC. 

Static Electrical Characteristics CA3146 Series 

TEST CONDITIONS LIMITS 

TYP. CA3146A CA3146 
CHAR. 
CURVE 

PARAMETERS SYMBOL TA=+25°C FIG. NO. MIN TYP MAX MN TYP MAX UNITS 

For Each Transistor 

Collector-ta-Base Break- V(BR)CBO Ic = 10000, IE = 0 - 50 72 - 40 72 - V 
down Voltage 

Collector-to-Emitter V(BR)CEO Ic=lmA,IB=O - 40 56 - 30 56 - V 
Breakdown Voltage 

Collector-ta-SubstratB V(BR)CIO ICI = 10llA, IB = 0, - 50 72 - 40 72 - V 
Breakdown Voltage IE=O 

Emltter-ta-Base V(BR)EBO IE = 10000,Ic = 0 - 5 7 - 5 7 - V 
Breakdown VoHage 

Collector-Cutoff Current ICEO VCE = 10V, la=O 2 - Sea 5 - Sea 5 IlA 
Curve Curve 

Collector-Cutoff Current ICBO Vca= 10V, IE=O 3 - 0.002 100 - 0.002 100 nA 

DC Forward-Current hFE VCE =5V Ic=IOrnA 4 - 85 - - 85 - -
Transfer Ratio 

VcE =5V Ic= lmA 4 30 100 30 100 - - -
VcE =5V Ic = 1011A 4 - 90 - - 90 - -

Base-to-Emllter VIE VCE = 3V, Ic = lmA 5 0.63 0.73 0.83 0.63 0.73 0.83 V 
Voltage 

Collector-to-Emitter Sat- VCE SAT Ic = lOrnA, la = lmA 6 - 0.33 - - 0.33 - V 
uration Voltage 

For transistors Q3 and 04 (Darlington Configuration): 

Base-to-Emllter VIE VcE =5V IE = 10mA 8 - 1.46 - - 1.46 - V 
(03 to 04) 

Vce=5V IE=lmA 8,9 - 1.32 - - 1.32 - V 

Magnitude of Base-to-
IA:~EI VCE = 5V, IE = lmA - - 4.4 - - 4.4 - mVf'C 

Emitter Temperature Ca-
efficient 
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Specifications CA3146, CA3146A, CA3183, CA3183A 

Static Electrical Characteristics CA3146 Series (Continued) 

TEST CONDITIONS LIMITS 

TYP. CA3146A CA3146 
CHAR. 
CURVE 

PARAMETERS SYMBOL TA=+25°C FIG. NO. MIN TYP MAX MN TYP MAX UNITS 

For transistors 01 and Q2 (As a Differential Amplifier): 

Magnitude of Input IV,ol VCE = 5V,IE = lmA 10,11 · 0.48 5 · 0.48 5 mV 
Offset Voltage 
IVBEI • VsE21 

Magnitude of Base·to-
16~~EI 

VCE = 5V,IE = lmA - - 1.9 - - 1.9 - mVf'C 
Emitter Temperature Co-
efficient 

Magnitude of V,o 
16:~ol 

VCE = 5V, - - 1.1 - - 1.1 - I1Vf'C 
(VSEI - VSE21 ICI = 102 = lmA 
Temperature 
CoeffICient 

Magnitude CA3146AE 110 VCE = 5V, 12 - 0.3 2 - 0.3 2 IJ.A 
of Input Off- and ICI = 102 = lmA 
set Current CA3146E 

"'01 -11021 Only 

Dynamic Electrical Characteristics CA3146 Series 

TEST CONDITIONS LIMITS 

TYP. CA3146A CA3146 
CHAR. 
CURVE 

FIG. 
PARAMETERS SYMBOL TA=+25OC NO. MIN TVP MAX MIN TVP MAX UNITS 

Low Frequency Noise NF f = lkHz,VCE = 5V, 14 - 3.25 - - 3.25 - dB 
Rgure Ic = l00IJ.A, Source 

resistance = 1 kn 

Low-Frequency, 
Small-Signal Equivalent-
Circuit Characteristics: 

Forward-Current hFE f=lkHz, VCE = 5V, 16 · 100 · · 100 · . 
Transfer Ratio Ic= lmA 

Short-Circuit Input hIE f= 1kHz, VCE = 5V, 16 · 2.7 · · 3.5 · kn 
Impedance Ic= lmA 

Open-Circuit Output hOE f = 1kHz, VCE = 5V, 16 · 15.6 · · 15.6 · lJ.01ho 
Impedance Ic= lmA 

Open·Clrcult Reverse hRE f=lkHz,V~=5V, 16 · 1.8 x · · 1.8x · -
Voltage Transfer Ratio Ic=lmA 1<r4 10'" 

Admittance Characteristics: 

Forward Transfer YFE f=lMHz,VCE=5V, 17 - 31- · - 31- · 
Admittance Ic= 1 mA ]1.5 ]1.5 mmho 

Input Admittance VIE f=lMHz,Vce =5V, 18 · 0.35+ · · 0.3+ · mmho 
Ic= 1 mA ]0.04 JO.04 

Output Admittance YOE f=lMHz,VCE =5V, 19 · 0.001 · · 0.001 · mmho 
Ic= 1 mA + + 

]0.03 ]0.03 

Reverse Transfer YRE f=lMHz,Vce =5V, 20 See See mmho 
Admittance Ic= 1 mA Curve Curve 
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Specifications CA3146, CA3146A, CA3183, CA3183A 

Dynamic Electrical Characteristics CA3146 Series (Continued) 

TEST CONDITIONS LIMrrS 

TYP. CA3146A CA3146 
CHAR. 
CURVE 

FIG. 
PARAMETERS SYMBOL TA =+2SoC NO. MIN TYP MAX MIN TVP MAX UNrrs 

Gain·Bandwldth Product fT VCE = 5V, Ic = 3mA 21 300 SOO - 300 SOO - MHz 

Emltter-to-Base CEB VEB = 5V,IE = 0 22 - 0_70 - - 0.70 - pF 
Capacitance 

Collector-to-Base CCB VCB = 5V, Ic = 0 22 - 0.37 - - 0.37 - pF 
Capacitance 

Collector-to-Substrate COl VCI = 5V, Ic = 0 22 - 2.2 - - 2.2 - pF 
Capacitance 

Static Electrical Characteristics CA3183 Series 

TEST CONDITIONS LIMrrS 

TYP. CA3183A CA3183 
CHAR 
CURVE 

FIG. 
PARAMETERS SYMBOL TA =+2SoC NO. MIN TVP MAX MIN TYP MAX UNITS 

For Each Transistor: 

Collector-ta-Base V(BR)CBO Ic = 100jlA, IE = 0 - 50 - - 40 - - V 
Breakdown Voltage 

Collector-to-Emitter V(BR)CEO Ic=lmA,IB=O - 40 - - 30 - - V 
Breakdown Voltage 

Callector-to-Substrate V(BR)CIO ICI = 1 COjlA, IB = 0, - 50 - - 40 - - V 
Breakdown Voltage IE=O 

Emitter-to-Base V(BR)EBO IE = 5OOjlA, Ic = 0 - 5 - - 5 - - V 
Breakdown Voltage 

Collector-Cutoff Current ICEO VCE =10V,IB=0 23 - - 10 - - 10 jIA 

Collector-Cutoff Current ICBO VcB =10V,IE=0 24 - - 1 - - 1 jIA 

DC Forward-Current hFE VCE=3V,lc= lOrnA 25,26 40 - - 40 - - -
Transfer Ratio 

VCE = 5Y, IC = SOmA 40 40 - - - - - -
Base-to-Emitter Voltage VBE VcE =3Y,lc =10rnA 27 0.65 0.75 0.85 0.65 0.75 0.85 V 

Collector-to-Emitter VCE SAT Ic = SOmA, IB = SmA 28 - 1.7 3.0 - 1.7 3.0 V 
Saturation Voltage (Note 1) 

For Transistors 01 and Q2 (As a Differential Amplifier): 

Absolute Input Offset IVlol VCE = 3V,Ic = lmA 29 - 0.47 5 - 0.47 5 mV 
Voltage 

Absolute Input Offset 11101 VcE =3V,lc = lmA 30 - 0.78 2.5 - 0.78 2.5 jIA 
Current 

NOTE: 

1. A maximum dissipation of 5 transistors x 150mW = 750mW Is possible for a particular application. 
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Specifications CA3146, CA3146A, CA3183, CA3183A 

Typical Performance Curves Static Characteristics· CA3146 Series 
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CA3146, CA3146A, CA3183, CA3183A 

Typical Performance Curves Static Characteristics" CA3146 Series (Continued) 

E 
w 

~ 
'-' g 
a: 
w 

Ii 
w 

~ 
w 
UI 

:i 

0.8 
Vee- SV 
TAa+250C 

'" 
~ 

0.7 

"". ~ 

0.6 
., "". 

o.s 
IVBEI • VBE21 l..--" 

0.4 
0.01 

II 
0.1 1.0 

EMITTER CURRENT (mA) 

/'" 

~ 
J 

I 

3 

2 

I 

o 
10 

FIGURE 7. VBE AND VIO VS IE FOR Q1 AND Q2 

>" 
oS 
rr 
0 
Z e 
a 
w 

~ 
'-' g 
Iii 
Ie ... 
0 
!; ... 
~ 

1 
l-z 
w 
a: a: 
:::) 
U 

Iii 
UI 

II: 
0 
l-
:::) ... 
~ 

10 
Vee- SV 
TA-+25oc 

1.0 

0.1 

~ 

0.01 
0.01 

~ 

~ 

" 
./ " 

... 
0.1 1.0 

COLLECTOR CURRENT (mA) 

;I 

10 

FIGURE 8. 110 vs Ie (Q1 AND Q2) FOR TYPES CA3146A AND 
CA3146 

Typical Performance Curves Dynamic Characteristics (for any transistor)" CA3146 Series 
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CA3146, CA3146A, CA3183, CA3183A 

Typical Performance Curves Dynamic Characteristics (for any transistor) • CA3146 Series (Continued) 
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CA3146, CA3146A, CA3183, CA3183A 

Typical Performance Curves Static Characteristics· CA3183 Series 
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CA3146, CA3146A, CA3183, CA3183A 

Typical Performance Curves Static Characteristics· CA3183 Series (Continued) 
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m ~~ CA3227, CA3246 
High-Frequency N-P-N Transistor Arrays For Low-

March 1993 Power Applications at Frequencies Up to 1.5GHz 

Features Description 

• Gain-Bandwidth Product (fT) > 3GHz 

• Five Trensistors on a Common Substrate 

Applications 

• VHF Amplifiers 

• VHF Mixers 

• Multifunction Combinatlons-RF/Mixer/Osclliator 

• IF Converter 

• IF Amplifiers 

• Sense AmplHiers 

• Synthesizers 

• Synchronous Detectors 

• Cascade Amplifiers 

Pinouts 
CA3246 

(PDlP. SOIC) 
TOP VIEW 

The CA3227 and CA3246" consist of five general purpose 
silicon n-p-n transistors on a common monolithic substrate. 
Each of the transistors exhibits a value of fT in excess of 
3GHz. making them useful from DC to 1.5GHz. The mono
lithic construction of these devices provides close electrical 
and thermal matching of the five transistors. 

"Formerly RCA Development Nos. TA10854 and TA10855. respec
tively. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3227E -55"0 to + 125°C 16 Lead Plastic DIP 

CA3227M -55"0 to + 125°C 16 Lead Narrow Body 
SOIC 

CA3227M96 -55°C to + 125°C 16 Lead Narrow Body 
SOIC" 

CA3246E -55"0 to + 125°C 14 Lead Plastic DIP 

CA3246M -55"0 to + 125°C 14 LeadSOIC 

CA3246M96 -55°C to + 125°C 14 Lead SOIC" 

" Denotes Tape and Reel 

CA3227 
(PDIP.150 mil SOIC) 

TOP VIEW 

CAUTION: These d""ices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1345.2 
Copyright @ Harris Corporation 1993 
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Specifications CA3227, CA3246 

Operating Conditions Absolute Maximum Ratings (TA = +250C) 

Power Dissipation, Po: 
Anyone transistor ................................ 85mW 

Operating Temperature Range .••..•••.•••. -55°C S TA S +1250C 
Storage Temperature Range •••••.•.••••••• -65°C S TA S + 150°C 

Total Package: 
For TA Up To +750C ............................. 425mW 
For TA > +7500 • • • • • • • • • • • • . •• Derate Linearly at 6.67mWf'C 

The following ratings apply for each transistor in the device: 
Collector-to-Emitter Voltage (VCEO) ••••••••••••••••••••••• 8V 
Collector-to-Base Voltage (VCBO)' •••••••.••••••••••••••• 12V 
Collector-to-Substrate Voltage (VCIO) (Note 1) .••••••••••••• 20V 
Collector Current (Iel ................................ 20mA 
Junction Temperature .............................. +1750C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
Lead Temperature (Soldering 10 Sec.) .•••••••••••...•• +3OO"C 

CAUTION: stresses abOlO! thosB listed in "AbBo/ule MBXimum Ratings" mey cause permenent damege to the device. This Is a stress only rating and operation 
of the davice atlhesa or any other condiUons above thoselnd/cated in the operational sections of this specification is not implied. 

Static Electrical Specifications TA = +25°C 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

FOR EACH TRANSISTOR 

Collector-to-Base Breakdown V(BR)CBO Ic = 10llA, IE = 0 12 20 - V 
Voltage 

Collector-ta-Emitter Breakdown V(BR)CEO Ic=1mA,IB=0 8 10 - V 
Voltage 

Collector-ta-Substrate Breakdown V(BRjelO ICI = 10llA, Ie = O,IE = 0 20 - - V 
Voltage 

Emitter-Cutoff-Current (Note 2) lEBO VEe = 4.5V, Ic = 0 - - 10 IIA 

Collector-Cutoff-Current ICEO VcE =5V,le=0 - - 1 IIA 

Collector-Cutoff-Current ICBO Vce =8V,IE=0 - - 100 nA 

DC Forward-Current Transfer Ratio hFE VcE =6V Ic= 10mA - 110 -
Ic=1mA 40 150 -
Ic=0.1mA - 150 -

Base-to-Emitter Voltage VeE VcE =6V Ic=1mA 0.62 0.71 0.82 V 

COllector-to-Emitter Saturation VCE SAT Ic = 10mA,IB = 1mA - 0.13 0.50 V 
Voltage 

Base-to-Emitter Saturation Voltage VBESAT Ic= 10mA,le= 1mA 0.74 - 0.94 V 

NOTES: 

1. The collector 01 each tranSistor of these devices Is isolated from the substrate by an inlegrsl diode. Tne substrate (terminal 51CA3227 
and terminal 131CA3246) must be connected to the most negative point In the external circuit to maintain Isolation between transistors 
and to provide for normal transistor action. 

2. On small-geometry, high-frequency transistors, itls very good practice never to take the Emitter Base Junction into reverse break
down. To do so may permanently degrade the hFE• Hence, the use of lEBO rather than V(BR)EBO' These devices are also susceptible 
to damage by electrostatic discharge and transients in the circuits In which they are used. Moreover, CMOS handling procedures 
should be employed. 
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Specifications CA3227, CA3246 

Dynamic Electrical Specifications TA = +25°C, 200M Hz, Common Emitter, Typical Values Intended Only for Design Guidance 

TYPICAL 
PARAMETER SYMBOL TEST CONDITION VALUES UNITS 

FOR EACH TRANSISTOR 

Input Admittance Y11 b11 Ic = ImA, VCE = 5V 4 mmho 

g11 0.75 mmho 

Output Admittance Y22 b:z2 Ic = lmA, VCE = 5V 2.7 mmho 

922 0.13 mmho 

Forward Transfer Admittance Y21 Y21 Ic =lmA,VCE =5V 29.3 mmho 

921 -33 degrees 

Reverse Transfer Admittance Y12 Y12 Ic = ImA, VCE = 5V 0.38 mmho 

912 -97 degrees 

Input Admittance Y11 b11 Ic = 10mA, VCE = 5V 4.8 mmho 

g11 2.85 mmho 

Output Admittance Y22 b:z2 Ic = 10mA, VCE = 5V 2.75 mmho 

922 0.9 mmho 

Forward Transfer Admittance Y21 Y21 Ic = 10mA, VCE = 5V 95 mmho 

921 -62 degrees 

Reverse Transfer Admittance Y12 Y12 Ic = 10mA, VCE = 5V 0.39 mmho 

912 -97 degrees 

Small Signal Forward Current Transfer Ratio h21 Ic = lmA, VCE = 5V 7.1 

Ic = 10mA, VCE = 5V 17 

TYPICAL CAPACITIES AT IMHz, THREE-TERMINAL MEASUREMENT 

COllector-to-Base Capacitance CCB VcB =6V 0.3 pF 

Collector-to-Substrate Capacitance CCI Vcl =6V 1.6 pF 

Collector-to-Emitter CapaCitance CCE VCE=6V 0.4 pF 

Emitter-to-Base Capacitance CEB VEB =3V 0.75 pF 

Spice Model (Spice 2G.6) 

.modelNPN 

+ BF = 2.610E + 02 BR = 4.401E + 00 IS = 6.930E - 16 RB = 130.0E + 00 

+ RC = I.OOOE +01 RE = 7.396E - 01 VA= 6.300E +01 VB = 2.208E + 00 

+ IK= 1.000E - 01 ISE = 1.B7E -14 NE = 1.653E + 00 IKR = I.OOOE - 02 

+ ISC = 9.25E - 14 NC = 1.333E + 00 TF = 1.775E-11 TR = I.OOOE - 09 

+ CJS = 1.800E - 12 CJE = 1.01OE - 12 PE = 8.350E - 01 ME = 4.460E - 01 

+ CJC=9.100E-13 PC = 3.850E - 01 MC = 2.740E - 01 KF = O.OOOE + 00 

+ AF = 1.000E + 00 EF = 1.000E + 00 FC = 5.000E - 01 PJS = 5.410E - 01 

+ MJS = 3.530E - 01 RBM = 30.00 RBV = 100 IRB = 0.00 

Please Note: No measurements have been made to model the reverse AC operation (tr is an estimation) 
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CA3227, CA3246 

Typical Performance Curve$ 
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Die Characteristics 

DIE DIMENSIONS: 
46 x 32 mils CA3227 

47 x 33 mils CA3246 

Metallization Mask Layout 

(15) 

(16) 

(1) 

(2) 

(14) 

(1) 

(2) 

CA3227, CA3246 

CA3227 

(14) (13) (12) (11) 

~ 
(10) 

(9) 

~ 
(S) 

(7) 

(3) (4) (5) (6) 

SUBSTRATE 

~0 
4(~ 

CA3246 a: a: 
~a: 
04( 

SUBSTRATE -w 
00 

(13) (12) (11) (10) Zo 
~Q 
I-

(9) 

(S) 

(7) 

(3) (4) (5) (6) 

6·69 



HFA3046, HFA3096 
HFA3127, HFA3128 

Apri11993 

Features 
• NPN Transistor (fT). • • • • • • • • • • • • • • • • • • • • • • •• 8GHz 

• NPN Current Gain (hFE) •••••••••••••••••••••••• 70 

• NPN Early Voltage (VAl .••••••••..•••••••••••• SOV 

• PNP Transistor (fT) •••••••••••••••••••••••• 5.SGHz 

• PNP Current Gain (hFE) •••••••••••••••••••••••• 40 

• PNP Early Voltage (VAl .•••••.••••••••.•••••••• 2SV 

• Noise Figure (SOn) @ 1.OGHz •••••••••••••••• 2.SdB 

• Collector-to-Collector Leakage •••••••••••••••• <1 pA 

• Complete Isolation Between Transistors 

• Pin Compatible with Industry Standard 3XXX Series 
Arrays 

Applications 

• VHFJUHF Amplifiers 

• VHFJUHF Mixers 

• IF Converters 

• Synchronous Detectors 

Pinouts 
HFA3046 HFA3096 

Ultra High Frequency Transistor Array 

Description 
The HFA3046, HFA3096, HFA3127 and the HFA3128 are 
Ultra High Frequency Transistor Arrays that are fabricated 
from Harris Semiconductor's complementary bipolar UHF·1 
process. Each array consists of five dielectrically isolated 
transistors on a common monolithic substrate. The NPN 
transistors exhibit a fT of 8GHz while the PNP transistors 
provide a fT of 5.5GHz. Both types exhibit low noise (2.5dB), 
making them ideal for high frequency amplifier and mixer 
applications. 

The HFA3046 and HFA3127 are all·NPN arrays while the 
HFA3128 has all PNP transistors. The HFA3096 is a NPN· 
PNP combination. Access is provided to each of the termi· 
nals for the individual transistors for maximum application 
flexibility. Monolithic construction of these transistor arrays 
provides close electrical and thermal matching of the five 
transistors. 

For PSPICE, package models, S·Parameters as well as cus· 
tom transistor arrays, please contact your local sales office 
for more information. 

Ordering Information 

PART NUMBER PRODUCT DESCRIPTION 

HFA3046B 14 Lead SOIC 

HFA3096B, HFA3127B, 16 Lead Narrow Body SOIC 
HFA3128B 

HFA3046Y,HFA3096Y DIE 

HFA3127Y,HFA3128Y DIE 

HFA3127 HFA3128 

He 

14 and 16 lead SOIC packages are available in narrow body width (150mils). Refer to package outline information. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 

Copyright @ Harris Corporation 1993 
File Number 3076.3 
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Specifications HFA3046, HAF3096, HFA3127, HFA3128 

Absolute Maximum Ratings 
Collector to Emitter Voltage (Open Base) •••••••••••••••••• 8.0V 
Collector to base voltage (Shorted Base). • • • • • • • • • • • • • .• 12.0V 
Emitter to Base Voltage (Reverse Bias) • • • • • • • • • • • • • • • • •• 5.5V 
Collector Current • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 40mA 
Storage Temperature Range ••••••••••••••••• _65°C to + lSOoC 
Operating Temperature Range •••••••••••••••• -55OC to + 125°C 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • •• + 175°C 
Junction Temperature (Plastic Package) ••••••••••••••• +ISOOC 
Lead Temperature (Soldering 10 Sec.) .•.•••••••••••••• +300oC 

Thermal Information 
Thermal Resistance 8JA 

Plastic 14 SOIC Package •••••.•••••• 119°C/W 
Plastic 16 SOIC Package............ 114°C/W 

Maximum Package Power Dissipation at +75OC 

8JC 
36OC/W 
35OC/W 

Plastic SOIC 14 Package ••••••••••••••••••••••••• 0.63 W 
Plastic SOIC 16 Package ••••••.•..••••••••••••••• 0.66 W 
Any One Transistor •••••••.•••••••••••••••••••••• 0.60 W 

Derating Factor Above +75°C 
Plastic SOIC 14 Package ••••••••••••••••••••••• 8.4mWf'C 
Plastic SOIC 16 Package ••••••••••••••••••••.•• 8.8mWf'C 

CAUTION: stresses abo"" those Iisled in "Absolute Maximum Ratings" may cause permanent damage to the davica. This Is a stress only raUng and operation 
of the devica at these or any other conditions abollll those Indicated In the operational sections of this specification is not Implied. 

Static NPN Characteristics at TA = +25°C 

DIE SOIC 

PARAMETERS TEST CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Collector-to-Base Breakdown Ic = lOOllA, IE = 0 12 18 - 12 18 - V 
Voltage, V(BR)CBO 

Collector-to-Emitter Break- Ic = loollA, IB = 0 8 12 - 8 12 - V 
down Voltage, V(SR)CEO 

Collector-to-Emitter Break- Ic = 100llA, Base Shorted to 10 20 - 10 20 - V 
down Vollage, V(BR)CES Emitter 

Emitter-te-Base Breakdown IE = 10llA, Ic = 0 5.5 8 - 5.5 6 - V 
Voltage, V(BR)ESO 

Collector-Cutoff-Current, ICEO VCE = 6V, Is = 0 - 2 100 - 2 100 nA 

Collector-Cutoff-Current, ICBO Vcs = 8V, IE = 0 - 0.1 10 - 0.1 10 nA 

Collector-to-Emitter Saturation Ic= 10mA,ls= lmA - 0.3 0.5 - 0.3 0.5 V 
Voltage, V CE(SAT) 

Base-to-Emltter Voltage, VSE Ic= 10mA - 0.85 0.95 - 0.85 0.95 V 

DC Forward-Current Transler Ic=10mA 40 70 - 40 70 -
Ratio, hFE VCE=2V 

Early Voltage, VA Ic = lmA, VCE = 3.5V 20 SO - 20 SO - V 

Base-Io-Emitter Voltage Drift Ic= 10mA - -1.5 - - -1.5 - mVt'C 

Collector-to-Collector Leakage - I - - I - pA 

Dynamic NPN Characteristics alTA = +25°C 

DIE SOIC 

PARAMETERS TEST CONDmONS MIN TVP MAX MIN TVP MAX UNITS 

Noise Figure 1= 1.0GHz, VCE = 5V, - 2.5 - - 2.5 - dB 
Ic = 5mA, Zs = 50n 

IT Current Gain-Bandwidth Ic =lmA,VCE =5V - 5.5 - - 5.5 - GHz 
Product 

Ic= 10mA, VCE = 5V - 8 - - 8 - GHz 

Ic = 40mA, VCE = 5V . - 5.5 - - 5.5 - GHz 

Power Gain-Bandwidth Ic= 10mA, VCE =5V - 6 - - 2.5 - GHz 
Product, IMAl( 

Base-to-Emltter Capacitance VBE =-3V - 200 - - SOO - IF 

Collector-Io-Base Capacitance VCB=3V - 200 - - SOO - IF 
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Specifications HFA3046, HFA3096, HFA3127, HFA3128 

Static PNP Characteristics at TA = +25°C 

DIE SOIC 

PARAMETERS TEST CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Collector-to-Base Breakdown Ic = -1001lA, IE = 0 10 15 - 10 15 - V 
Voltage, V(SR)CBO 

Collector-to-Emltter Break- Ic = -IOOj1A, Is = 0 8 15 - 8 15 - V 
down Voltage, V(SR)CEO 

Collector-ta-Emitter Break- Ic = -IOOj1A, Base Shorted to 10 15 - 10 15 - V 
down Voltage, V(SR)CES Emitter 

Emitter-ta-Base Breakdown IE = -101lA, Ic = 0 4.5 5 - 4.5 5 - V 
Voltage, V(BR)EBO 

Coilector-Cutoff-Current,lcEO VCE =-6V,IB = 0 - 2 100 - 2 100 nA 

Collector-Cutoff-Current, ICBO Ves = -8V, IE = 0 - 0.1 10 - 0.1 10 nA 

Collector-ta-Emitter Saturation Ic = -10mA,ls = -lmA - 0.3 0.5 - 0.3 0.5 V 
Voltage, V CE(SAT) 

Base-to-Emitter Voltage, VBE Ic=-10mA - 0.85 0.95 - 0.85 0.95 V 

DC Forward-Current Transfer Ic = -10mA, VCE = -2V 25 40 - 25 40 -
Rallo, hFE 

Early Voltage, VA Ic = -lmA, VCE = -a.5V 10 25 - 10 25 - V 

Bsse-ta-Emitter Voltage Drift Ic =-10mA - -1.5 - - -1.5 - mV/"C 

Collector-to-Collector Leakage - I - - I - pA 

Dynamic PNP Characteristics at TA = +25°C 

DIE SOIC 

PARAMETERS TEST CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Noise Figure f = 1.0GHz, VCE = -5V, - 2.5 - - 2.5 - dB 
Ic = -5mA, Zs = 50n 

IT Current Gain-Bandwidth Ic = -lmA, VCE = -5V - 2 - - 2 - GHz 
Product 

Ic = -10mA, VCE = -5V - 5.5 - - 5.5 - GHz 

Ic = -4OmA, VCE = -5V - 2 - - 2 - GHz 

Power Gain-Bandwidth Ic =-10mA, VcE =-5V - 3 - - 2 - GHz 
Product 

Base-to-Emitter CapaCitance VsE =3V - 200 - - 500 - IF 

Collector-to-Base Capacitance Ves =-3V - 300 - - 600 - IF 

Differential Pair Matching Characteristics for the HFA3046 

DIE SOIC 

PARAMETERS TEST CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Ic = 10mA, VCE = 5V - 1.5 5.0 - 1.5 5.0 mV 

Input Offset Current Ic=10mA, VCE =5V - 5 25 - 5 25 IIA 

Input Offset Voltage TC Ic =10mA,Vce =5V - 0.5 - - 0.5 - IIV/"C 

S-Parameter and PSPICE model data is available from Harris Sales Offices. 
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HFA3046, HFA3096, HFA3127, HFA3128 

Die Characteristics 

PROCESS: 
UHF-1 

DIE DIMENSIONS: 
53 x 52 x 19 ± 1 mils 
1340~m x 1320~m ± 25.4~m 

METALLIZATION: 
Type: Metal 1: AICu(2o/q)mW Type: Metal 2: AICu(2%) 
Thickness: Metal 1: akA ± O.4kA Thickness: Metal 2: 16kA ± o.akA 

GLASSIVATION: 
Type: Nitride 
Thickness: 4kA ± 0.5kA 

DIE ATTACH: 
Material: Epoxy 

WORST CASE CURRENT DENSITY: 
1.39 x 105 AJcm2 

Metallization Mask Layout 
Pad numbers correspond to package part pin out. 

HFA3096. HFA3127. HFA3128 

T !1J UJ G!llill 
[!] ~ 
GJ IE] 

1340"m 

1 L-~_[!]_[!]_8 _[!]_9_[ill_O _~_1:-, 
l""'Ee---- 132o"m ----i .. ~1 

(S2mlls) 

HFA3046 

T !1JUJ~~ [!] [E] 

1340"m GJ 0 

~I '--~_: _[!]_[!]_8 _D_[!]_~--, 
re---- 132o"m I 

E (S2mils) .. 
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HFA3046, HFA3096, HFA3127, HFA3128 

Typical Performance Curves 
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HFA3046, HFA3096, HFA3127, HFA3128 

Typical Performance Curves (Continued) 
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7 
SPECIAL ANALOG CIRCUITS 

SPECIAL ANALOG CIRCUITS DATA SHEETS 

CA555, 
LM555 

CA1391, 
CA1394 

CA3089 

CA3126 

CA3189 

CA3194 

CA3217 

CA3256 

CD22402 

HA-2546 

HA-2547 

HA-2556 

HA-2557 

HA721 0 

HFA5250 

ICL8013 

ICL8038 

ICL8048, 
ICL8049 

ICM7242 

ICM7555, 
ICM7556 

Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 
Military Equipment ............•.........................•...............•..... 

TV Horizontal Processors ..•........•...................................•..•.. 

FM IF System .....................................•......•...............•• 

TV Chroma Processor ..•.................•.............................••..• 

FM IF System .•••••...•..••....•.................••...•.................... 

Single Chip PAL Luminance/Chroma Processor .............•....................• 

Single Chip TV Chroma/Luminance Processor ................................... . 

BiMOS Analog Video Switch and Amplifier ................................•...... 

Sync Generator for TV Applications and Video Processing Systems .................. . 

Wideband Two Quadrant Analog Multiplier ........•..•...•.............•......... 

Wideband Two Quadrant Analog Multiplier ......••.....•.....•.........•......... 

W1deband Four Quadrant Voltage Output Analog Multiplier .............•......... 

Wideband Four Quadrant Current Output Analog Multiplier ...................... . 

Low Power Crystal Oscillator ...••........................................... 

Ultra High-Speed Monolithic Pin Driver ....................................... . 

Four Quadrant Analog Multiplier .....•.....•.•...........•••....•............... 

Precision Waveform GeneratorNoltage Controlled Oscillator ....•...................• 

Log!Antiiog Amplifiers .•.••.••.......•...................•.....•.............• 

Long Range Fixed Timer ..•........•.......•..................•....•......... 

General Purpose Timers ..•..............................•................... 

NOTE: Bold"JYpe Designates a New Product from Harris. 
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m ~~ CA555, LM555 
Timers for Timing Delays and Oscillator Applications 

March 1993 in Commercial, Industrial and Military Equipment 

Features Description 
• Accurate Timing from Microseconds through Hours 
• Astable and Monostable Operation 
• Adjustable Duty Cycle 
• Output Capable of Sourcing or Sinking up to 200mA 
• Output Capable of Driving TTL Devices 
• Normally ON and OFF Outputs 
• High Temperature Stability _ ••••••••••••• O.OO5%i"C 

The CA555 and CA555C are highly stable timers for use in 
precision timing and oscillator applications. As timers, these 
monolithic integrated circuits are capable of producing accu
rate time delays for periods ranging from microseconds 
through hours. These devices are also useful for astable 
oscillator operation and can maintain an accurately con
trolled free running frequency and duty cycle with only two 
external resistors and one capacitor. • Directly Interchangeable with SE555, NE555, MC1555, 

and MC1455 

Applications 
• Precision Timing • Pulse Generation 
• Sequential Timing • Pulse Detector 
• Time Delay Generation • Pulse Width and Position 

Modulation 

Ordering Information 
PART NO. TEMP. RANGE PACKAGE 

CA0555E -55°C 10 +125°C 8 Lead Plastic DIP 
CA0555M ·55°C 10 +125°C 8 LeadSOIC 
CA0555M96 -55°C 10 +125OC 8 LeadSOIC' 
CA0555T -55°C 10 +125°C 8 Pin TO-5 Metal Can 
CA0555CE OOClo +7ooC 8 Lead Plastic DIP 
CA0555CM OOC 10 +700C 8 LeadSOIC 
CA0555CM96 OOC10 +700C 8 Lead SOIC' 
CA0555CT 00Clo+700C 8 Pin TO-5 Metal Can 
LM555N 00Clo+700c 8 Lead Plastic DIP 
LM555CN ooCID +7ooC 8 Lead Plastic DIP 

• Denoles Tape and Reel 

The circuits of the CA555 and CA555C may be triggered by 
the falling edge of the waveform signal, and the output of 
these circuits can source or sink up to a 200mA current or 
drive TIL circuits. 

These types are direct replacements for industry types in 
packages with similar terminal arrangements e.g. SE555 
and NE555, MC1555 and MC1455, respectively. The CA555 
type circuits are intended for applications requiring premium 
electrical performance. The CA555C type circuits are 
intended for applications requiring less stringent electrical 
characteristics. 

Technical data on LM branded types is identical to the corre· 
sponding CA branded types. 

Pinouts Functional Diagram 
CA555, CA555C, LM555C (PDlP, SOIC) 

TOP VIEW 

GNOOev+ 
TRIGGER 2 7 DISCHARGE 

OUTPUT 3 6 THRESHOLD 

RESET 4 5 CONTROl 
VOLTAGE 

TO-5 Style Package with Formed Leads 

CA555, CA555C, LM555C (METAL CAN) 
TOP VIEW 

RESET 

~ I "'6"--L-'" ~ 

i 4 ~ ~ 
~ = ~ 
"""""""""(I)"""""""""""""""""'---------~ 

GND 

CAUTION: These d8\lices are sensHIve to elaclrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 834.2 
Copyright @ Harris Corporation 1993 
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Specifications CA555, CA555C, LM555 

Absolute Maximum Ratings 
DC Supply Voltage. • . • • . • • . . . . . • . . • • • • • • • • • • • • • . • • • • • 18V 

Operating Conditions 
Operating Temperature Range 

Power Dlsslpetion CA555 •••••.•••.••.•.•••••••••••••••••• -55"0 to + 125°C 
Up to T" = +55"0 ............................... 600mW CA555C .................................. O"C to +7O"C 
Above T" = +55"0 . .•••.•.•..•.•.•.• Derate Linearly 5mWI'C Storage Temperature Range ..•..••••.••..•••• -65"0 to +1 SOOC 

Junction Temperature •••••••••••••••••••••••••••••• +175°C 
Junction Temperature (Plastic Packages). • • • • • • • • • . • • • • +1 SOOC 
Lead Temperature (Soldering 10 Sec.) •..•.....•..••.•• +3OO"C 

CAUTION: Stresses abow thoBs 'Istad in "AbsolUIB Maximum Ratings" may cause psrmsnsnt damsgs to the dsvfca. This Is a stress only f8l/ng 8nd CIpfIf81ion 

of the dsvIce .t thBas or any other conditions abow thoBs IndIcatsd In the opfIf81iona1 secllons of this specification is net IfTJJIiad. 

Electrical Specifications T" = +25°C, V+ = 5V to 15V Unless Otherwise Specified 

LIMITS 

CAS55 CAS55C 

PARAMETER SYMBOL TEST CONOtnONS MIN TYP MAX MIN TYP MAX UNITS 

DC Supply Voltage V+ 4.5 - 18 4.5 - 16 V 

DC Supply Current (Low State), 1+ V+=5V, 1\=- - 3 5 - 3 6 rnA 
Note 1 

V+= 15V, RL=oo 10 12 10 15 rnA - -
Threshold Voltage VTH - f/alv+ - - f/alv+ - V 

Trigger Voltage V+=5V 1.45 1.67 1.9 - 1.67 - V 

V+=15V 4.8 5 5.2 - 5 - V 

Trigger Current - 0.5 - - 0.5 - IIA 
Threshold Current, Note 2 ITH - 0.1 025 - 0.1 025 IIA 
Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 V 

Reset Current - 0.1 - - 0.1 - mA 

Control Voltage Level V+=5V 2.9 3.33 3.8 2.6 3.33 4 V 

V+= 15V 9.6 10 10.4 9 10 11 V 

OUtput Voltage VOL V+ = 5V, ISINK = 5mA - - - - 025 0.35 V 

Low State ISINK= 8mA - 0.1 025 - - - V 

V+ = 15V, ISiNK = 10mA - 0.1 0.15 - 0.1 025 V 

ISlNK =5OmA - 0.4 0.5 - 0.4 0.75 V 

ISINK = 100mA - 2.0 2.2 - 2.0 0.5 V 

ISiNK = 200mA - 2.5 - - 2.5 - V 

Output Voltage VOH V+ = 5V, ISOURCE = 100mA 3.0 3.3 - 2.75 3.3 - V 

High State V+ = 15V, IsoURCE = 13.0 13.3 - 12.75 13.3 - V 
100mA 

ISOURCE = 200mA - 12.5 - - 12.5 - V 

Timing Error (Monostable) R1, Ft.! -1kn to 1001<0, - 0.5 2 - 1 - % 

Frequency Drift with Temperature 
C = 0.1pF Tested at V+ = - 30 100 - 50 - ppmI"C 5V, V+=15V 

DrIft with Supply Voltage - 0.05 0.2 - 0.1 - %IV 

Output Rise Time ~ - 100 - - 100 - ns 

Output Fall Time t,: - 100 - - 100 - ns 

NOTES: 

1. When the output is In a high state, the DC supply current Is typically 1 mA less than the low state value. 

2. The threshold current will determine the sum of the values of R1 and Ft.! to be used In Figure 14 (astable operation): the maximum total 
R1 +Ft.!=20Mn. 
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CA555, CA555C, LM555 

Schematic Diagram 

CONTROL 
VOLTAGE 

5}-----------------~ 

2)-------------------~~ 

CA555 AND CA555C 

100 RESISTANCE VALUES ARE IN 0 

Typical Performance Curves 

150 .. 10 

TA. -55"C -
--~ -

~ ~ ~ ~ +26"C 

~ ~ -~+70"C ~ 
~ 

I'-""': 
+125"C 

e- li 
.§. 

8 ... z 
7 w a: 

!i 6 
U 5 
~ 
Go 4 Go 
::I 3 VI 

2 

.s 
~ 
i 100 w 
!! 
::I 
Go 
:Ii 
::I 

~ 50 

i 

o 0.1 0.2 0.3 G.4 o 2.5 
MINIMUM TRlCGER (PULSE) VOLTAGE (x V+)· 

• Where x is the decimal roolliplier of the supply voltage 

OUTPUT 

Dot 

1 1 
1 I. 
TA-+1a"CA 

"'" ~26"C -
All! ~-5O"C I,4I/Y 

AI'J 

" 
5 7.5 10 12.5 15 

SUPPLY VOLTAGE (V) 

FIGURE 1. MINIMUM PULSE WIDTH va MINIMUM TRIGGER 
VOLTAGE 

FIGURE 2. SUPPLY CURRENT VI SUPPLY VOLTAGE 
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CA555, CA555C,LM555 

Typical Performance Curves 

1 .1 
TA--OS"c -~r-

+25"c -..... 
~~ 

+125"C ----
5ysy+s15Y I 

10 
SOURCE CURRENT (mA) 

FIGURE a OUTPUT VOLTAGE DROP (HIGH STATE) vs 
SOURCE CURRENT 
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I SINK CURRENT (mA) 

FIGURE 5. OUTPUT VOLTAGE LOW STATE vs SINK 
CURRENT AT V+ = 10V 
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FIGURE 7. DELAY TIME vs SUPPLY VOLTAGE 
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CA555, CA555C, LM555 

Typical Performance Curves 

1: 300 

w 
::I 250 
1= 

~ 200 
I!I 
z 

1SO 0 

~ 
i 

100 ~~§§~;e~~:~c ~ +2SoC 

Do. so 1-__ -+_--'~+70oC -+---+---i 
+12&"C 

0 0.1 0.3 0.4 
MINIMUM TRIGGER (PULSE) VOLTAGE (x V+)· 

• Where x is the decimal multiplier of the supply voltage 

FIGURE 9. PROPAGATION DELAY TIME VI TRIGGER VOLTAGE 

Typical Applications 
Reset Timer (Monostable Operation) 

Figure 10 shows the CA555 connected as a reset timer. In this 
mode of operation capacRor CT Is InRially held discharged by 
a transistor on the integrated circuit. Upon closing the ·start" 
switch, or applying a negative trigger pulse to terminal 2, the 
integral timer flip-flop is "sef' and releases the short circuit 
across Cr which drives the output voltage "high" (relay ener
gized). The action allows the voltage across the capacitor to 
increase exponentially with the constant t = A1Cr. When the 
voltage across the capacitor equals 213 V+, the comparator 
resets the flip-flop which in turn discharges the capacitor rap
idly and drives the output to its low state. 

r--~~~--9--~------OV+ 
SV 

680 

>--<3.lf+-...... --.· .. ·1 

S1 
START 

t--~10K 

680 

ALL RESISTANCE VALUES ARE IN n 

N4001 

RELAY 
COIL 

: 
: 
i 
: 
i ...... 

'!' 
i 
; 
i 
i 
i 

FIGURE 10. RESET TIMER (MONOSTABLE OPERATION) 

Since the charge rate and threshold level of the comparator 
are both directly proportional to V+, the timing interval is rel
atively independent of supply voltage variations. Typically, 
the timing varies only 0.05% for a 1V change in V+. 

Applying a negative pulse simultaneously to the reset termi
nal (4) and the trigger terminal (2) during the timing cycle 
discharges Cr and causes the timing cycle to restart. 
Momentarily clOSing only the reset switch during the timing 
interval discharges Cr, but the timing cycle does not restart. 

Figure 11 shows the typical waveforms generated during this 
mode of operation, and Figure 12 gives the family of time 
delay curves with variations in A1 and Cr. 

3V~S~~~T~C~H~S~1~·~O~PE~N~·., r--------------
INPUT 

VOLTAGE (TERMINAL 2) 

o !!Y.o!!r.!?tJ .• ~.L':9:-~!§!?:. 

VOLTAGi~~~~:'::'~"'"''''''''ZJ''''''''' 
o ........... 1..-----

to 

~~------~--------
FIGURE 11. TYPICAL WAVEFORMS FOR RESET nMER 
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V+_5V 

10 

§: 
~ z 
i! 
9 
D. 0.1 

~ 
0.01 

10-1 1crt 10 

TIME DELAY(s) 

FIGURE 12. TIME DELAY vs RESISTANCE AND CAPACITANCE 
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CA555, CA555C, LM555 

Repeat Cycle Timer (Astable Operation) 

Figure 13 shows the CA555 connected as a repeat cycle 
timer. In this mode of operation, the total period is a function 
of both Rl and R2. 

r-----------~-------------oV+ 

RELAY 
COIL 

5V 

~t2 
5V 

o ...... - .... ... 0- ~ -
3.3V 

...... 
~ 1 ~ 

V 1\ If \ I ,\ V .\ If 1\ f 1\ 
1.7V ...... .... '1 V V y y yo 

o 
Top ltace: Output voltage (2V1dlv. and O.5ms1div.) 

Bottom Trace: Capacitor voltage (lV1diV. and O.5ms1div.) 

FIGURE 14. TYPICAL WAVEFORMS FOR REPEAT CYCLE TIMER 

FIGURE 13. REPEAT CYCLE TIMER (ASTABLE OPERATION) 

T = 0.693 (Rl + 2R2) CT = tl + t2 

where tl = 0.693 (R1 + R2l CT 

and t2 = 0.693 (R2) CT 

the duty cycle is: 

Typical waveforms generated during this mode of operation 
are shown in Figure 14. Figure 15 gives the family of curves 
of free running frequency with variations in the value of (R1 + 
2R2) and CT. 
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FIGURE 15. FREE RUNNING FREQUENCY OF REPEAT CYCLE 
TIMER WITH VARIATION IN CAPACITANCE AND 
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CA1391, CA1394 

March 1993 

Features 

• CA1391E - Positive Horizontal Sawtooth Input 

• CA1394E - Negative Horizontal Sawtooth Input 

• Internal Shunt Regulator 

• Unear Balanced Phase Detector 

• Preset Hold Control Capability 

TV Horizontal Processors 

Description 

The Harris CA1391E and CA1394E are monolithic 
integrated circuits designed for use in the low-level 
horizontal section of monochrome or color television 
receivers. Functions include a phase detector, an oscillator, 
a regulator, and a pre-driver. 

The CA 1391 E and CA 1394E are electrically equivalent and 
pin compatible with industry types 1391 and 1394 in similar 
packages. 

• Pull-In ...•......•..••..••..•...•.••..• ±300Hz (Typ.) 
Ordering Information 

• Low Thermal Frequency Drift 

• Small Static Phase Error 

• Variable Output Duty Cycle 

• Adjustable DC Loop Gain 

Pinout 
CA1391, CA1394 

(PDIP) 
TOP VIEW O MARK-

OUT SPACE 
RATIO 

GND 7 ~~NG 
S""l~3 6V+ 

HORIZ 4 5 ~~~~& 
IN OUT 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA1391E OOCto+85OC 8 Lead Plastic DIP 

CA1394E O"C to +85OC 8 Lead Plastic 01 P 

Functional Block Diagram 

HORIZONTAL 
SAWTOOTH 4 

INPUT 

PHASE 
DETECTOR 

OUTPUT 

3 2 

SYNC GROUND 
INPUT 

OSCILLATOR 
TIMING 

MARK-8PACE 
RATIO 

CAUTION: Th_ davices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 981.2 
Copyright@HarrisCorporation 1993 7-9 



Specifications CA 1391, CA 1394 

Absolute Maximum Ratings TA = +25"C, Unless Operating Conditions 
Otherwise Specified 

DC Supply Current. .•.•.•••.•.••...•..••••..•..•••.. 40mA Operating Temperature Range •.••••..••••.•••.. O"C to +85°C 
DC Output Voltage •••..••.•••••••••••••.••••.•••••••• 40V Storage Temperature Range ..•••.•..•.•••.•.• -65OC to + 15O"C 
DC Output Current •••..••.•••••...••••••••.••....•.• 30mA 
Sync Input Voltage •••••••••••••••••••••••••••••••••• 5Vp.f> 
8awtooth Input Voltage .•.••••••••••••.••••••••••••••• 5Vp.f> 
Power Dissipation 

Up to TA = +25OC ..•.•...•.••••.•••••.•..•...•.• 625mW 
AbcNe TA = +25OC ••••.••••••••••••• Derate Unearly 5mWf'C 

Junction Temperature (Plastic Package) ••••••.•••••••• + 15O"C 
Lead Temperature (Soldering 1 0 Sec.) ••....•.••...•... +3OO"C 

CAUTION: Stresses aboMIlhoBs listBd in "AbsO/uts MsxJmum Ratings" may causa parmanant damage to the davice. This Is a stress onty IBting and opetBtion 
of the detIiI» at thase or any other conditions above IhoBs Indicated In the op8lBtionaJ sectJons of this specification is not irrplisd. 

Electrical Specifications TA = +25OC (See Figure 2) 

UMITS 

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS 

Supply Voltage 81,85,86=2 8 - 9 V 
52,83,84,57,88 = 1 
Measure Terminal 6 to GND 

Free Running Frequency 51,55,86 = 2 14734 - 16734 Hz 
82,53,84,87,88 = 1 
Counter to Terminal 1 

OUtput Leakage 82, 83, 86, 88 = 1 - 10 - mV 
81,84,85,87 = 2 
Measure Terminal 1 to 25V 

OUtput Saturation 82, 83, 85, 86, 88 = 1 - 60 - mV 
81,84,87=2 
Measure Terminal 1 to GND 

Phase Detector Bias 82, 85, 86, 58 = 1 - 1.9 - V 
51,83,54,57 = 2 
Measure Terminal 3 to GND 

Phase Detector Leak 85,88=1 -2 - 2 mV 
81,52,83,84,86,87 = 2 
Measure Terminal 5 to +4V 

Phase Detector Low 81,85,58=1 -0.55 - - V 
82, 83, 84, 56, 57 = 2 (Note 1) 
Measure Terminal 5 to +4V 

Phase Detector High 51,55,86, sa = 1 +0.55 - - V 
82, 83, 84, 57 = 2 (Note 1) 
Measure Terminal 5 to +4V 

Phase Detector Balance Vom + VDET3 -100 - 100 mV 

Sync Diode 81,82,53,84,86,87 = 1 0.3 - 1.2 V 
85,88=2 

51e1ic Phase Error 8ee Figure 3 - 0.5 - ps 

Oscillator Pullin Range - ±300 - Hz 

Oscillator Hold In Range - ±900 - Hz 

NOTE: 

1. Polarity reversed in the CA 1391. 
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CA1391, CA1394 

Schematic Diagram 

i osc. 
nMING V+ 

8 REGULATOR Ra1 

PHASE 
DETECTOR 

NOTE: AU resistances are In 0 

Circuit Operation (See Schematic Diagram) 

The CA1391 and CA1394 contain the oscillator, phase 
detector. and predriver sections necessary for the television 
horizontal oscillator and AFC loop. 

The oscillator Is an RC type with terminal 7 used to control the 
timing. If it is assumed that Q7 is initially off, then an external 
capacitor connected from terminal 7 to ground charges 
through an external resistance connected between teonlnals 
6 and 7. As soon as the voltage at terminal 7 exceeds the 
potential set at the base of as by resistors R11 and R12, 07 
turns on, and as supplies base current to 05 and 010. Tran· 
sistor as discharges the capacitor through R4 until the base 
bias of 07 falls below that of as at which time, 07 turns off, 
and the cycle repeats. 

The sawtooth generated at the base of Q4 appears across R3 
and turns off 03 wh9l19'.'er the sawtooth voltage rises to a value 
that exCeeds the bias set at teoninal 8. By adjusting the p0ten
tial at teoninal 8, the duty cycle at the pre-drive output (terminal 
1) may be changed. The phase detector is isolated from the 
remainder of the circuit by R31, 12, 015 and 016. The phase 
cIetector consists of the comparator Q22 and 023. and the 
gated current source 018. Negative going sync pulses at termi
nal3 turn off 017, and the current division between Q22 and 
023 is then determined by the phase relationship of the sync 
and the sawtooth waveform at leoninal 4, which is derived from 
the hori:mntal flyback pulse. If there is no phase difference 
between the sync and sawtooth, equal currents flow in the c0l
lectors of Q22 and 023 during each haN of the sync pulse 

period. The current In Q22 is turned around by current mirror 
020 and 021 so that there is no net output current at terminal 5 
for balanced conditions. When a phase offset occurs, current 
flows either in or out of terminal 5. In circuit applications, this 
terminal is connected to terminal 7 through an external low 
pass filter, thereby controlling the oscillator. 

Shunt regulation for the circuit is obtained by using a VSE 
and zener multiplier. Reslstors-R13 and R14 multiply the VSE 
of 011, and the ratio of R15 and R16 multiplies the voltage 
of the zener diode Z1. 
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Features 
• For FM IF Amplifier AppllcaUons In Hlgh-Rdellty, Automotive, 

and CornmunlcaUons Receivers 

• Includes: IF Amplifier, Quadrature Detector, AF Preamplifier, 
and Specific Circuits for AGe, AFC, Muting (Squelch), and llIn
lngMetal' 

• Exceptional Umltlng Sensitivity •••••••••••••• 12I1V (Typ.) 
at -3dB Point 

• Low Distortion: ••••• (with Doubl. Tuned Coli) - 0.1% (Typ.) 

• Slngl.coll Tuning Capability 

• High Recovered Audio ••••••••••••••••••••• 400mV (Typ.) 

• ProvIdes Specific Signal for Control of Interchannel Muting 
(Squelch) 

• Provides Specific Signal for Direct Drlvs of a Tuning Meter 

• Provides Delayed AGC Voltage for RF Amplifier 

• Provides a Specific Circuit for Rexlble AFC 

• Internal Supply-Voltage Regulators 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

CA3089E 

CA3089F 

CA3089M1 

Pinouts 

INPUT BYPASS 2 

DC FB BYPASS 3 

FRAMEGND 4 

MUTE CONTROL 5 

AUDiOOUT 6 

-40"C to +85°C 16 Lead Plastic DIP 

-40"C to +85°C 16 Lead Ceramic DIP 

-40"C to +85OC 20 LeadSOIC 

CA3089 
(POIP, COIP) 
TOP VIEW 

15 DELAYED /IIJC 

14 SUBSTRATE (GND) 

13 TUNING METER OUT 

9 QUADRATURE INPUT 

CA3089 
FM IF System 

Description 
Harris CA3089 is a monolithic integrated circuit that 
provides all the functions of a comprehensive FM·IF 
system. The block diagram shows the CA3089 fea
tures, which include a thre.stage FM-IF amplifier/lim
iter configuration with level detectors for each stage, a 
doubly-balanced quadrature FM detector and an audio 
amplifier that features the optional use of a muting 
(squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed N3C for the 
RF tuner, and AFC drive circuit, and an output signal to 
drive a tuning meter and/or provide stereo switching 
logic. In addition, internal power supply regulators main
tain a nearly constant current drain over the IIOltage 
supply range of +B.5V to +16 V. 

The CA3089 Is Ideal for high-fidelity operation. Distor
lion in a CA3089 FM-IF System is primarily a function 
of the phase linearity characteristic of lhe outboard 
detector coil. 

GND 

IF IN 

INPUT BYPASS 3 

DCFBBYPASS 

FRAllEGND 

MUTE CONTROL 6 

AUDiOOUT 7 

AFCOUT 8 

CA3089 
(SOIC) 

TOP VIEW 

GND 

1 DELAYED AGe 

18 GND 

1 SUBSTRATE (GND) 

1 TUNING METER OUT 

15 MUTE lOGIC 

1 REF BIAS 

1 QUADRATURE INPUT 

11 NC 

CAUTION: Th_ devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 561.2 
Copyright «> Harris Corporation 1993 
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Specifications CA3089 

Absolute Maximum Ratings 
Supply Voltage 

Between v+ and Frame GND ••••.•••••••••••••.•....• 16V 
Between v+ and Substrate GND ••••.••.•••...•••••••• 16V 

DC Current (Out of Delayed AGC) ••.•••••••••••••••••••• 2mA 
Power Dissipation 

Up to T" = +6O"C •...•.•••.•.....•••.......••.•• 600mW 
Above T" .. +6O"C. . • • . • • • . • . • . • .• Derate Unearly 6.7mWf'C 

Junction Temperature. . • • • • • • • • • . • . • . • • • • . • • • . • • • • . + 175°C 
Junction Temperature (PlasHe Package) •.•.•••••••.••• +15O"C 
Lead Temperature (Soldering 10 Sec.). • . • . . • . . • . • • . . . . +3OO"C 

Operating Conditions 
Operating Temperature Range ••••••.••••••• -4O"C S T" S +65°C 
Storage Temperature Range ••••••••••••••. -65"0 S T,,:s +15O"C 

CAUTION: StnJssIIs ebotIfIlhoBe listsd in "AbsoluIJJ Maximum Ratings" may cause permsnimt damage to the davfca This Is a stress only rating and operation 
of the davies at IheIuJ or any other condllions &boWl those Indicatsd in the opera/ional sac1ions of this specification is not Implied. 

Electrical Specifications T" = +25"0, V+ = 12V (See Figures 3 and 4) 

LIMITS 

PARAMETERS (Note 2) TEST CONDITIONS MIN TYP MAX UNITS 

STATIC (00) CHARACTERISTICS 

Quiescent Circuit Current No signal Input, Non muted 16 23 30 mA 

00 Voltages: 

Terminal 1 (IF Input) 1.2 1.9 2.4 V 

Terminal 2 (AC Raturn to Input) 1.2 1.9 2.4 V 

Terminal 3 (00 Bias to Input) 1.2 1.9 2.4 V 

Terminal 6 (Audio Output) 5.0 5.6 6.0 V 

Terminal 1 0 (00 Reference) 5.0 5.6 6.0 V 

DYNAMIC CHARACTERISTICS 

Input UmlUng Voltage (-3dB point), V 1 (11m) - fa = 10.7MHz, - 12 25 IIV 
fMOO = 400Hz, 

AM Rejection (Term. 6), AMR V1N ,"0.1V, OBviation = ±75kHz 45 55 - dB 
AM Mod. =30% 

Recovered AF Voltage (Term. 6) Va (AF) V1N = 0.1V 300 400 500 mV 

Total Harmonic Distortion, THO: (Note 1) 

Single Tuned (Term. 6) - 0.5 1.0 % 

Double Tuned (Term. 6) - 0.1 - % 

Signal plus Noise to Noise Ratio (Term. 6) 60 fi7 - dB 

NOTES: 

1. THO characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 
2. Terminal numbers refer to 16 pin DIP. 
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Block Diagram 

TO INTERNAL 
REGULATORS 

All resistance values are in n 
*L TUnes with l00pF(C)atl0.7MHz 
00;;!75 (G.I. EX22741 or equivalent) 
Pin numbers refer to 16 pin DIP 

CA3089 

TO STEREO >-___ ----.0 THRESHOLD 

LOGIC CIRCUITS 
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CA3089 

Schematic Diagram 

IF AMPLIFIER 

a.l )-
01 • ~ t ..c ! Rzlf :.t:- ~ 

:-t 0:12 RIl 

:.t ~ ~\2 :.t:1 
lB 

-
~lf 1~2 C1f I"' ~f14 RM 

480 

a ~ 
1~ ,. 

~ V+ 

03~ ~lJ4c 
V+ V+ .r 11 01_ .. 

~,p: ~ -t:: ~ ~o. 01~ 014 01 ~ Au C2 II2Q 750 
H? !L ~ OrA ~~WI 01"~ 2K 

IF -INPUT 

f-I;p.. .. !;1- ". ~-1 ~ 

~ 
Ra1 

~~3A R~ ~ :~&.I 480 -
-012 - fI 01. ~ ~'i SEE 

2 
0. ~~'k NEXT 

Q ;;t- ~~ ~ ~1A< ~ ~~k 
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INPUT :0\ YPASSlNQ 
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V+ 

~ V+ 
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~ Rl1 R58 :88 5 _~ 
-~ r--",,"", 150 

0- C5 '1 ~ 1 ro,i* '1 
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!n. n. ~ --t:;0e4 
Ose~n Oa ~n ~ ~II ... ~ 

RS! :0, :sa ~1 400 
.., 

U V -

Sroc FOR RFAMPL 
@TUNING 

METER 

Pin numbers refer to 16 pin DIP 

LEVEL DETECTOR .. METER CIRCUIT 
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Schematic Diagram (COntinued) 

, OUADRATURE 
INPUT 

DETECTOR 

:as ~ 

MUTE DRIVE 

CA3089 

BIAS 
SUPPLY 

AUDIO 
AMPLIFIER 

~ ~ R42 
166 

0&31~~~~~~r·1 ctt· .. A 

V 
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r-- r- :cf8:& 
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Qa :t~ 
~-----+---------H~~ 

Rae 
500 ~ 

Rll 
L-__ ~~~ ____ -+ __ ~S 

MUTE 
CONTROL 

au~w~ __________ ~ ..... 

AFC 
OUTPUT 

ti~-----(7 

ass,.... r ~ 

~ ~ 
~'7 ~7 

AFC AMPLIFIER 

~ FRAME ~ SUBSTRATE 

All resistance values are in n 
All capaCItance values are In pF 
Pin numbers refer to 16 pin DIP 



CA3089 

V+-12V, TA-+26"C 

~ 1211 ... 100 

I 75 

a: &0 
I!! 25 

~ 0 

Ii: -25 
w .., a: 

~ 
"" L 

L 

./ 
1/ 

/ 
/' 

~ -7& 
-100 

~ 

./ 
II" 

-125 -50 0 50 -100 100 
CHANGE IN FREQUENCY (kHz) 

FIGURE 1. AFC CHARACTERlSnCS (CURRENT AT TERM. 7) 
AS A FUNCTION OF CHANGE IN FREQUENCY. 
(SEE TEST CIRCUIT FIGURE 3.) 

AU reslslance values are in n 
• L tunes with 100pF (C) at 10.7MHz 
00 (unloaded) .. 75 (G.I. Automatic Mig. Div. EX2274i or equivalent) 

FIGURE 3. TEST CIRCUIT FOR CA3089E USING A SINGLE
TUNED DETECTOR COIL. 

J .!---+,........... .............................. ........f. 
'-.-10 
~ ~ 4O~:':"--f-lf--""'-.....L-~ ""tr-+--t4 i 
Ii: -+--+--I: 8 

1-50~~H---~"~~~---r~~ 

i..,~~ ____ ~ ____ ~ ____ ~~~ 
1 100 1K 10K 

INPUT SIGNAL IItV) 

FIGURE 2. MUTING ACTION, TUNER AGC, AND TUNING 
METER OUTPUT AS A FUNcnoN OF INPUT SIG
NAL VOLTAGE. (SEE TEST CIRCUIT FIGURE 3.) 

All resistance values are In n 
• T PRI. - 00 (unloaded) .. 75 (runes with 100pF (C,) 20t 01348 on 

7/32" dIa. form) . 

SEC. - 00 (unloaded) = 75 (1u1es with 100pF (C:!) 20t of 34e on 
%2" dIa. form) 

kQ (percent of critical coupling) = 70% 
(Adjusted for coli voltage Vel = 150mV 

Abova values permit proper OP$f8tion of mute (squelch) circuit "eo 
type slugs, spacing 4mm. 

FIGURE 4. TEST CIRCUIT FOR CA3089E USING A DOUBLE
TUNED DETECTOR COIL 

7-18 



CA3089 

(8) COMPONENT SIDE - TOP VIEW 

FIGURE 5. ACTUAL SIZE PHOTOGRAPHS OF THE CA3089E & OUTBOARD COMPONENTS MOUNTED ON A PRINTEI>CIRCUIT BOARD. 

300Q 
INPUT 

All resislance values are in n 
• Waller 4SN3FIC or equlva/ent 
-MurataSFG 10.7mAor equlva/ent 

... L tunes wiIh 100pF (e) at 10.7MHz 
00 unloaded!!! 75 (G.I. EX22741 or equivalent) 

Performance data at 10 = 98MHz, lMOO = 400Hz, Deviation = ±75kHz: 

-3dB Umiting SensitiVity •••••••••••••••••• 2ILV (Antenna Level) 
20dB QUieting Sensitivity ••••••••••••••••• 11LV (Antenna Level) 
30dB Quieting Sensitivity. • • • • • • • • • • • • •• 1.51LV (Antenna Level) 

FIGURE 6. TYPICAL FM TUNER USING THE CA3089E WITH A SINGLE TUNED DETECTOR COIL 
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Features 
• Phase Locked Subcarrler Regeneration Utilizes 

Sample-and-Hold Techniques 

• Automatic Chromlnance Control (ACC)lKlller Detector 
Employs Sampie-and-Hoid Techniques 

• Supplementary ACC with an Overload Detector to 
Prevent Overseturatlon of this Picture Tube 

• Sinusoidal Subcerrler Output 

• Keyed Chroma Output 

• Emitter Follower Buffered Outputs for Low Output 
Impedance 

• Unear DC Saturation Control 

Applications 
• TV/CATV Receiver Circuits 

• NTSC Color DecoderlProcessor 

• Computer Graphics Subcarrler Regenerator 

• TIming Reference for Frame Grabbers 

• DSP CloCk TIming Reference Source 

Pinouts 
CA3126 

(PDlP, QUAD FLATPACK) 
TOP VIEW 

CHROMAIN 1 

AFPC RLTER + 2 

AFPC RLTER· 3 

RFBYPASS 4 

GROUND & 

CARRIER OUT 8 II 

CHROMA GAIN CONT. 

CHROMA OUT 

ZENER REF 

OVERLOAD DET. 

v+ 

NX+ 

AC.C-

HORIZ. KEY IN 

CA3126 
TV Chroma Processor 

Description 
The Harris CA3126 is a monolithic silicon integrated circuit 
designed for TV chroma processing and is ideally suited for 
NTSC color graphic applications that require subcarrier 
regeneration of the coior burst signal. 

Ordering Information 

PART NUMBER 

CA3126E 

CA3126Q 

CA3126M1 

CHROMA IN 

AFPCRLTER+ 

AFPCRLTER· 

RFBVPASS 

GROUND 

VCOOUT 

NC 

1 

2 

4 

& 

& 

7 

TEMPERATURE 
RANGE 

-4O"C to +85°C 

-4O"C to +85"C 

-4O"C to +85"C 

CA3126 
(SOte) 

TOP VIEW 

PACKAGE 

16 Lead PIa&tIc DIP 

16 Lead Quad·ln·Une 
Plastic DIP 

20 Lead SOIC 

CHROMA GAIN CONT. 

CHROMA OUT 

NC 

ZENER REF 

OVERLOAD DET. 

v+ 

ACe + 

ACe· 

HORtZ. KEY IN 

CARRIER OUT 

CAUTION: These dwlcas are sensltiw to eJectrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 . 

File Number 860.2 
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Specifications CA3126 

Operating Conditions Absolute Maximum RatI.ngs (TA = +250C) 

Power Dissipation 
Up to TA = +55"C ............................... 750mW 

Operating Temperatura Range •••••.•••.•••..•• -4O"C to +85"C 
Storage Temperature Range ..•••...•..••.•.•• -65"C to + 15O"C 

Above TA = -55"C . • • • . . • • . • • • . • •. Derate Linearly 7.9mWf'C 
DC Supply Voltage CV+ to GND)* .•...•.•••..••.•..•.•.. 13.2V 
DC Current: . 

Into V+ Pin .•..•.•.•..••••.•••• , •••••.••••••••••• 38mA 
Into zener Reference Pin .••.•..••..••.•••••.•••••.• 20mA 

DC Voltage (Horizontal Key In) 
Negative Rating ••..•.....••.•••..••••••••....••..•• -5V 
Positive Rating •.•••••••...•••.. '.' •.••••••••..•••.•• 3V 

Junction Temperature (Plastic Packages) ....••••.••..•• +15O"C 
Lead Temperature (Soldering 10 Sec.) .....•........... +3000C 

* This rating does not apply when using the Internal zener raference 
In conjunction with an external pass transistor. 

CAUTION: stresses abollfl IhosB listed in "Absolute Maximum Ratings" may caUse permsnent d8ma~ to /he dtwIca This is a slnlss only rating and operation 
of ilia dBtIIce atlhase or any oilier conditions abollfllhosB Indicated In /he opariJlfona/ sactIons of lIIis speCification Is not Implied. 

. Electrical Specifications TA = +25"C. chroma contrOl at i1l8ldmum posiiIon·for all characteristics tests except for chroma output 
test. For this test, control should be set at minirrum position. Electrical characteristics referenced to test 
Circuit. Figura 1. . 

TERMINAL, SwrrCHPOS. UMITS 
MEASUREMENT 

PARAMETERS AND SYMBOL S1 S2 VCHAOUA INPUT TP1 MIN TVP MAX . UNITS 

DC ELECTRICAL SPECIFICATIONS 

Voltage Regulator VIZ 2 2 0 10.1 11.2 12.1 V 

Supply Current 112 2 2 0 16 25 38 rnA 

SWITCHING ELECTRICAL SPECIFICATIONS (Note 1) 

Pull-In Range (Note 2) Va (Note 2) 2 O.SVp.p ±250 - - Hz 

Oscilialor output Va 2 2 0 0.6 1.0 - Vp.p 

100% Chroma Output VIS 1 2 0.5Vp.p 1.4 2.7 - Vp.p 

Overload Detector VI5 1 1 O.SVp.p 0.4 - 0.7 Vp.p 

Minimum Chroma Output VIS 1 2 0.5Vp.p - - 20 mVp•p 

200% Chroma Output VIS 1 2 1Vp.p 70 100 140 %of 
100% 

20% Chroma Output VIS 1 2 O.1Vp.p 40 - 105 reading 

Kill Level VTPI 1. 2 Vary 5 - 60 mVp.p 

NOTES: 

1. Except for pull-in range testing. tune oscillalor trimmer capacitor for free running frequency of 3.579545MHz ±10Hz. 

2. Set Switch 1 to Position 2. detune oscillator ±250Hz. set Switch 1.0 Position 1. and check for oscillator pull-In. 
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Block Diagram 

TO 
TERII.12 

CA3126 

TV CHROMA PROCESSOR 

~~~~~~1~~~~--+----+----~ IOIIn 2IJF __ ..... 

= 
1.2Ic1lKILLER 

FILTER 

• Optional design features 

CA3128 

Pinout numbers refer to CA3126E & CA3126Q 
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CA3126 

Schematic Diagram 

0-
CHR OMA 

I NPUT 

CHROMA 
OUTPUT 
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r: 
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Rl R4 
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4K 
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Pin numbers refer to CA3126E and CA3126Q. Resistance values are in n 
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CA3126 

Schematic Diagram (Continued) 
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CA3126 

Test Circuit 
+24V 

10kn 

S.9kn 

TP1 

Pin numbers refer to CA3126E and CA3126Q (-) 

(a) Chroma Input signal 

(b) Key pulse Input signal 
(b) 

o 

2kn 

FIGURE 1. 

I OSCILLOSCOPE I 

SUB
CARRIER 
OUTPUT 

COUNTER 

Circuit Description (Pin numbers refer to E and Q packages) 

The following paragraphs briefly describe the circuit opera
tion of the CA3126 (shown in the Block Diagram and Sche
matic Diagram). A detailed description of the operation of 
various portions of the CA3126 is given in ICAN-6247, 
"Application of the CA3126 Chroma-Processing IC Using 
Sample-and-Hold Techniques". 

The chroma input is applied to Terminal 1 through the 
desired band-shaping networ!<. A 2,4500 resistor should be 
placed in series with Terminal 1 to minimize oscillator pickup 
in the first chroma amplifier. This amplifier supplies signals to 
the second chroma amplifier and to the ACC and AFPC 
detectors. The first chroma amplifier is gain-contrOlled by the 
ACC amplifier. 

A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample
and·hold circuitry. This "compared" voltage controls the 
phase- shifting network in the phase-locked loop. The opera
tion of the AFPC loop is independent of any external adjust
ments or voltages except for an initial capacitor adjustment 
to set the free-running frequency. 

The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45 and 

7-25 



CA3126 

-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The /ICC detector, 
which also samples the burst during the keying Interval, pro
duces a correction voRage proportional to the burst ampli
tude. The correction voltage is compared to the quiescent 
bias level using sample-and-hold circuitry similar to that 
used in the AFPC portion of the circuit. The ·compared" volt
age is applied Internally to the /ICC amplifier and killer 
amplifier. Because the amplifier gains and killer threshold 
are determined by the ratios of the internal resistors, these 
functions are independent of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst Is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voRage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of 
the chroma output (Terminal 15) and detects the peak of the 
signal. The detected voltage is stored in an external capaci
tor connected to Terminal 16. This stored voltage on Termi
nal 16 affects the gain of the second chroma in the same 
manner as the chroma gain control. 

Applications Information 
General Considerations 

The block diagram shown is typical of the type of circuit used 
In the practical application of the CA3126. Several items are 
critical for proper operation of the circuit. 

1. A series resistor of approximately 2,450n (or high source 
impedance) must be used at the chroma input, Terminal 
1. This high impedance minimizes pickup of unbalanced 
currents, particularly of the subcarrier oscillator signal. 

2. When the overload detector Is used, a large resistor 
(nominally 47,OOOn) must be placed In series with Termi
nal 16 to set the required RC time constant. The same 
RC network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency 
requires the presence of the keying pulse. The free-run
ning frequency will be erroneous if Terminal 1 is dc 
shorted during the setting operation because of the dc 
offset voltage Introduced to the AFPC detector. 

4. care must be taken in PC board designs to provide reason
able isolation between the oscillator portion of the circuit 
(Terminals 6,7, and 8) and the chroma input (Terminal 1). 

Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-t<>chroma ratios. 

2. It prevents overload conditions due to noise. 

Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is 
used depends upon the individual receiver design goals. If 
greater than 0.5V peak-to-peak output is deSired, the 
chroma output at Terminal 15 can be tapped to yield any 
desired degree of overload detector action. 

Chroma Gain Control 

The chroma gain control operates by varying the base bias 
on current source transistor 025. To ensure proper tempera
ture tracking of the chroma gain control, it is essential that 
the control be operated from a supply source derived from 
the reference voltage at Terminal 12. Because the control 
operates from a current source, chroma gain is much more 
predictable and far less temperature sensitive than controls 
that steer current by means of a differential amplifier. The 
typical chroma gain characteristic for the CA3126 Is shown 
in Figure 2. 

TA = +25oC, CHROMA INPUT .. 0.5Vp.p 

10' 

I'" 
~ 

1/ 
~ 

0 
1£ 

/ 
o 20 40 &0 &0 100 120 140 

VOLTAGE AT TERMINAL 16 (% OF VIz) 

FIGURE 2. CHROMA GAIN CONTROL 

Subcarrler Regenerator Oscillator 

The oscillator filter consists of a 3.579545MHz crystal, a 
680n resistor, and a 10pF capacitor connected in series 
across Terminals 6 and 7. A 33pF capacitor, shunt con
nected from Terminal 7 to ground, rolls off higher order har
monics, thereby preventing oscillation at the crystal third
harmonic frequency. A curve of the typical static phase error 
as a function of the free-running oscillator frequency is 
shown In Figure 3. It should be noted that the slope of the 
curve determines the de gain of the phase-locked loop, i.e., 
40Hz per degree. 

6 
iii w 
w 
I§ 4 

B 
~ 2 
a: 
w 

~ 0 

~ 4 

Iii 
-4 

TA-+25OC 

L 

1/ 
~ 

" 1/ 

-300 400 -100 o 100 200 300 400 

OSCILLATOR FREE-RUNNING FREQUENCY 
(DEVIATION IN Hz FROM 3.579S45MHz) 

FIGURE 3. STATIC PHASE ERROR 
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Thermal Considerations 

The circuit of the CA3126 is thermally compensated to 
achieve the optimal operating characteristics over the nor
mal operating temperature range of TV receivers. Figures 4 
and 5 show the oscillator and chroma-output amplitudes and 
phases as a function of temperature (Terminals 8 and 15), 
respectively. 

Both the oscillator and chroma-oulput amplitudes and 
phases are measured relative to the chroma-input phase. 
The performance of the oscillator free-running frequency as 
a function of temperature is shown in Figure 6. All the tem
perature plots are characteristic of the test circuit with the 
indicated component types and values given in Figure 1. 

CHROMA INPUT. 0.25Vp ... 3.58MHz CW SIGNAL 

- -JHAS~ 
~ 1/ ~ 

1/ " l/,;MPUTUDE I\. 
V 

o 2S 50 75 
AMBIENT TEMPERATURE ("C) 

-10 
100 

FIGURE 4. AMPLITUDE AND PHASE VARIATIONS OF 
OSCIlLATOR OUTPUT va TEMPERATURE 
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CHROMA INPUT. D.25Vp ... J. 
3.58MHz CW SIGNAL I 
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1 

J , 
PHASE 

!"II; l bL 
AMPUT~ 

"' -
-o 25 50 75 

AMBIENT TEMPERATURE ~ 

FIGURE 5. AMPLITUDE AND PHASE VARIATIONS OF 
CHROMA OUTPUT va TEMPERATURE 
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:!;:I! 
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a: z 
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~~ -100 
UO 
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CHROMA INPUT = OVp.p 

~ r". 

" " 
.aD 45 0 25 50 75 100 125 

AMBIENT TEMPERATURE ("C) 

FIGURE 6. VARIATION OF OSCILLATOR FREE RUNNING 
FREQUENCY va TEMPERATURE 



INPUT FILTER 

COMPOSITE 
VlDEOICHROMA INPUT 

NOTE: For Subcarrier Regenerator, !he second chroma 
amp Is not used; Plna 13,14 & 15 are not connected and pin 
16 Is grounded. 

CA3126 

BURST KEY PULSE 
TYP.4 .... CENTERED 

ON BURST 

FIGURE 7. TYPICAL APPLICATION OF THE CA3t26 AS A SUBCARRIER REGENERATOR 
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Features 
• Includes IF Amplifier, Quadrature Detector, AF Pream

plifier, and Specific Circuits for AGC, AFC, Tuning 
Meter, Deviation-Noise Muting, and ON Channel 
Detector 

• FM IF AmplHler Applications In Hlgh-Rdellty, Automo
tive, and Communications Receivers 

• Exceptional Umltlng Sensitivity -l2JtV (Typ.) at -3dB 
Point 

• Low Distortion -0.1% (Typ.) (with Double-Tuned Coil) 

• Singie-Coll Tuning Capability 

• Improved S + N/N Ratio 

• Externally Programmable Recovered Audio Level 

• Provides Specific Signal for Control of Interchannel 
Muting (Squelch) 

• Provides Specific Signal for Direct Drive of a Tuning 
Meter 

• On Channel Step for Search Control 

• Provides Programmable AGC Voltage for RF Amplifier 

• Provides a Specific Circuit for Flexible Audio Output 

• Internal Supply Voltage Regulators 

• Externally Programmable "On" Channel Step Width, 
and Deviation at Which Muting Occurs 

Pinout 

CA3189 
FM IF System 

Description 
The Harris CA3189E" is a monolithic integrated circuit that 
provides all the functions of a comprehensive FM-IF system. 
The block diagram of the CA3189E includes a three-stage 
FM-IF amplifierllimiter configuration with level detectors for 
each stage, a doubly-balanced quadrature FM detector and 
an audio amplifier that features the optional use of a muting 
(squelch) circuit. 

The advanced circuit design of the IF system includes desir
able deluxe features such as programmable delayed AGC 
for the RF tuner, an AFC drive circuit, and an output signal to 
drive a tuning meter and/or provide stereo SWitching logic. In 
addition, internal power-supply regulators maintain a nearly 
constant current drain over the voltage supply range of 
+8.5V to +16V. 

The CA3189E is ideal for high-fidelity operation. Distortion in 
a CA3189E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 
The CA3189E has all the features of the CA3089E plus addi
tions. See CA3189E features compared to the CA3089E in 
Table 1. 

"Formerly Developmental1}tpe No. TAl 0038. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3189E -40"C to +85°C 16 Lead Plastic DIP 

CA3189 
(PDIP) 

TOP VIEW 

INPUT 
BYPASS 

DELAYED MC 

CAUTION: Th_ devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications CA3189 

Operating Conditions Absolute Maximum Ratings TA = +25OC 

DC Supply Voltage 
(Between Terminals 11 and 4) •.••••••••••••••.••••••• 16V 
(Between Terminals 11 and 14) •.••.••..•••.••••.•.••• 16V 

DC Current (Out of Terminal 15) .•.•••.•••.•••••.••••••• 2rnA 

Operating Temperature Range •••••••.••••••••• -40"C to +65°C 
Storage Temperature Range .•.•..•..•.•.•.••• -65OC to +1!iO"C 

Power Dissipation: 
Up to TA = +65OC ••••.••.....•..•••••••.•.••..•• 640mW 
Above TA = +65OC •••••••••.•••• Derate Linearly at 9.9mWf'C 

Lead Temperature (Soldering 10 Sec.) ................. +3oooC 

CAUTION: Stresses abo\I8 those listed In "Absoluts Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other condItions abW8 those Indicated In the operational sections of this specification is not implied. 

Electrical Specifications TA = +25"C. V+ = 12V 

TEST CONDmONS UMITS 

CIRCUIT 
OR FIG. 

PARAMETERS SYMBOL NO. MIN TYP MAX UNITS 

STATIC (DC) SPECIFICATIONS 

Quiescent Circuit Current I" No Signallnpul, Non Muted 1.2 20 31 40 rnA 

DC Voltages No Signal Input, Non Muted 

Terminal 1 (IF Input) V, 1.2 1.2 1.9 2.4 V 

Terminal 2 (AC Return to Input) V2 1,2 1.2 1.9 2.4 V 

Terminal 3 (DC Bias to Input) Vs 1.2 1.2 1.9 2.4 V 

Terminal 15 (RF AGC) V'5 1,2 7.5 9.5 11 V 

Terminal 10 (DC Reference) V,o 1,2 5 5.6 6 V 

DYNAMIC SPECIFICATIONS 

Input limiting Voltage (-3dB Point) V1(lim) fa= 10.7MHz, 1.2 - 12 25 IlV 

AM Rejection (Terminal 6) AMR VIN=0.1V. 
fMOD• = 400Hz. 1,2 45 55 - dB Deviation ±75kHz 

Recovered AF Voltage (Terminal 6) Vo(AF) AM Mod. =30% 
1.2 325 500 650 mV 

Total Harmonic Distortion (Note 1) 

Single Tuned (Terminal 6) THO V1N = O.IV 1 - 0.5 1 % 

Double Tuned (Terminal 6) THO 2 - 0.1 - % 

Single Plus Noise to Noise Ratio S+NIN V1N =0.1V 1.2 65 72 - dB 
(Terminal 6) 

DeViation Mute Frequency fDEV' fMQD'=O 1.4.5 - ±40 - kHz 

RF AGC Threshold V'8 1.2 - 1.25 - V 

On Channel Step V'2 V1N =0.1V foev. < ±4OkHz 1 - 0 - V 

fDEV. > ±4OkHz 1 - 5.6 - V 

NOTE: 

1. THO characteristics are essentially a function of the phase characteristics of !he network connected bel1.veen terminals 8, 9. and 10. 

TABLE 1. CA3189E FEATURES COMPARED TO CA3089E 

FEATURES CA3189E CA3089E 

Low Limiting Sensitivity (121N Typ.) Yes Yes 

Low Distortion Yes Yes 

Single-Coil Tuning Capability Yes Yes 

Programmable Audio Level Yes No 

SIN Mute Yes Yes 

Deviation Mute Yes No 
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Specifications CA3189 

TABLE 1. CA3189E FEATURES COMPARED TO CA3089E (Continued) 

FEATURES CA3189E 

AexibleAFC Yes 

Programmable AGC Threshold and Voltage Yes 

Typical S + N/N > 70 dB Yes 

Meter Drive Voltage Depressed at Very Low Signal Levels Yes 

On..channel Step Control Voltage 

Block Diagram 

TO INTERNAL 
REGULATORS 

47K 

All reslslanca values are in a 
*L Tunaawith 100pF (e) at 10.7MHz 

00 !! 75 (TaKa No. KACS K586HM or equivalent) 

Yes 

CA3189E 

TO STEREO 
r-y,".-... I}----I-----G THRESHOLD 

TUNING METER OUTPUT LOGIC CIRCUrrs 

7-31 

CA3089E 

Yes 

No 

No 

No 

No 

U 
ON CHANNEL 

INDICATOR 

51( 



Schematic Diagram 

AGCFOR 
RFAMPL 

CA3189 

CA3189E 

r---------------~------------~----~A 

RU 
750 

Ra 
750 

D 

"--t-- E 

~------~~------~----------;__t_1--F 

LEVEL DETECTOR .. METER CIRCUIT 
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CA3189 

Schematic Diagram (Continued) 

CA3189E 

+----(46 

c 

1o.~ 

........ ..,.,...-----(1.15'\ 
RIIOSK 'iJ' 

D 

E 

~
f8 On ~r.K V+ 

.!F}5 r On 
F I-- Pn..:t..10 t---, 

R -
C10~ 3ft R.;" "~7_ 34 50 ... 

~7ft ~~+-__ +-_________ ~ 
'C' DEVIATION MUTE DETECTOR 

MUTE DRIVE AND AFC AMPU. 
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Test Circuits 

All resIsIance values are in n 
• L tunes willi 100pF (C) al10.7MHz 
00 (unloaded):; 75 (lOKO No. KACS K586HM or equivalent) 
** C = 0.01pF fer 50118 deemphasls (Europe) 

= 0.015pF for 75118 deemphasis (USA) 

FIGURE 1. TEST CIRCUIT FOR CA3189E USING A SINGLE· 
TUNED DETECTOR COIL 

Typical Performance Curves 

Yu1ZY, TA-+25OC II 1111 
SEE FIGURE 1 1111 If RECOVERED AUDIO FROM FULL 

OUTPUT (LEFT COORDINATE) ,_ 

~N~AQCDC ' . ., 
VOLTAGE AT TERM. 15 
(RIGHT COORDINATE) 
(pIN 15 TO PIN 13) 

I 1111 I 1111 
r- VOLTAGE AT TERM. 13 

METER CIRCUIT (33kn ~ 
f- TO GND) (RIGHT 

!I .:xr~ 
10 100 1K 10K 

INPUT SIGNAL (JlV) 

12 

1 o 

e ~ 
g 

8 g 

4 

2 

100K 

FIGURE 3. MUTING ACTION, TUNER AGe, AND TUNING 
METER OUTPUT AS A FUNCTION OF INPUT SIG
NALVOLTAGE 

All resistance values are in n 
*T: PRI. -00 (unIoeded)!!!75 (tunes willi 100pF (C,) 20t 01348 on 

7/32" dla. form 
SEC .• 00 (unloaded) :; 75 (tunes willi 100pF (e;) 20t oJ 348 on 
7/32" dIa. form 
kQ (percent of crltical coupling) !!! 70% . 

(Adjusted for coil voIlage Vel = 150mV 
Above values permit proper operation of mula (squelch) circuit "E" 
type slugs, spacing 4mm. 
** C = 0.01 pF fer 5011S deemphasls (Europe) 

= 0.Q15J1F fer 75118 deemphasls (USA) 

FIGURE 2. TEST CIRCUIT FOR CA3189E USING A DOUBLE
TUNED DETECTOR COIL 

Y+_12V, TA-+25"C 

~ 
Slen "" 1/ 

SEE FIGURE 1 / 
/ 

V 
V 

V 
V 

-160 
·100 .so 0 60 100 150 

CHANGE IN FREQUENCY (kHz) 

FIGURE4. AFC CHARACTERISTICS (CURRENT ATTERMINAL 
7 AS A FUNCTION OF CHANGE IN FREQUENCy) 
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Typical Performance Curves 

! 140 

a 120 
:z: ;100 
j!: 80 

i 80 
li Ii 40 

~ 20 

V+-12Y, TA_+2&"C 

~ 
\ , 

"-
""'" r--.. -

o 5 a ~ ~ a 
LOAD RESISTANCE (BETWEEN TERM. 7 AND TERM. 10) (len) 

o 
,00 ~\. ~ 

-10 

-70 

.. 0 
1 

, 

" 
~ •• r.-I,. _. 

" 
'" 

" 

11111"11111 II 
SIGNAL (DEVIATION. :l:7&kHz) 

Ii I I III I I I" 
- CA3188E ONLY 
"'"" CA3189E PRECEDED BY 

. I' FILTER AND GAIN STAGE 
,,,,, CA3189E PRECEDED BY 

". 2 FILTER AND GAIN STAGES 

'I, ••• r\ . II I 

" ~ JriE , 
'. 
,;; . 
:~ 

10 102 101 
SIGNAL LEVEL 1JtV) 

FIGURE 5. DEVIATION MUTE THRESHOLD AS A FUNCTION FIGURE 6. TYPICAL UMITING AND NOISE CHARACTERISTICS 
OF LOAD RESISTANCE (BETWEEN TERMINAL 7 
AND TERMINAL 10) 

UK 

3.3K 

1o.7~~~H-IC 
FROM 1nF 
TUNER 

2.2K 470 
OnF 

All resistance values are In n 
CF: Ceramic filters, TOKO CSFE or equivalent 
• L tunes with 100pF (C) at 10.7MHz 
00 (unloaded) = 75 (TOKO No. KACS K586HM or equivalent) 

470 

FIGURE 7. COMPLETE FM IF SYSTEM FOR HIGH QUAUTY RECEIVERS 
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Features 
• All PAL luminance and Chromlnance Process-

Ing Circuitry on a Single Chip In a 24-Lead 
Plastic Package 

• Phase-Locked Subcarrler Regeneration Utlllz· 
Ing Sample-and-Hold 

• DC Controls for Brightness, Contrast, and Color 
Saturation Functions 

• Input for Average Beam-Current Umltlng 

• Contrast Control Having Excellent Tracking of 
Luma and Chroma Channels 

• Low-Impedance RGB Outputs with Excellent 
Tracking for Direct Coupling to Video Driver 
Circuitry 

Pinout 
CA3194 
(PDIP) 

lOP VIEW 

.....---.. - AVER. BEAM 

-~ I-CHROMA OUT 2 BRIGHTNESS 
CONTROL 

SAT. CONTR. ~ PICTURE CONTROL 
CHROMA INPUT ~ ~ LOW PASS FILTER 

N;C FILTER ~ ~ LUMA INPUT 
N;C FILTER 6 9 ~~LBEAM 
APe FILTER ~ ~ R OUTPUT 
APC FILTER ~ ~ G OUTPUT 

eo" INPUT ~ ~ B OUTPUT 

0" INPUT ~ ~ VA-V INPUT 
VcoOUTPUT 11 ~ VB-yINPUT 

Vee ffi 3 SANDCASnE 

CA3194 
Single Chip PAL 

Luminance/Chroma Processor 

Description 
The Harris CA3194E* is a silicon monolithic integrated circuit 
designed to perform all of the signal processing functions for both 
the chroma and luminance signals of PAL color television receivers. 

This circuit performs all the functions needed between the video 
detector and the video RGB output stages. DC contrast, bright· 
ness, and saturation controls and average beam limiting functions 
are included. The RGB buffer stages are capable of delivering 
5mA of current into the video output stages. 

• Formariy Dev. No. TA 1 0313. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3194E -40"C to +85°C 24 Lead Plastic DIP 

TERMINAL VOLTAGE AND CURRENT RATINGS 

VOLTAGE*·V CURRENT. rnA 
TERMINAL MIN MAX I .. louT 

1 . . · · 
2 0 13 0 30 
3 0 8 10 · 
4 0 5 · · 
5 0 Nota · · 
6 . . 0.1 0.5 
7 0 Nota · · 
8 0 Note · · 
9 0 8 · · 
10 0 8 · 0.7 
11 0 13 · 10 
12 0 13 · · 
13 0 12 · · 
14 0 5 · 1.5 
15 0 5 · 1.5 
16 0 13 · 10 
17 0 13 · 10 
18 0 13 · 10 
19 0 Nota · · 
20 0 5 · · 
21 0 Nota · · 
22 0 8 · · 
23 0 5 · · 
24 0 12 · · 

NOTE: The maxillU'll should not exceed Ihe Vee voltage. Voltage with respect 
to Terminal 1 for Vee (Terminal 12) oI12V ±10%. 

CAUTION: These davle_ are aensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1270.2 
Copyright @ Harris Corporation 1993 
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Specifications CA3194 

Absolute Maximum Ratings 
Supply Voltage and Current 

Pin 12 Voltage Range .•.••.•.•....... 11V (Min) to 13V (Max) 
Pin 12 Current Range .•..•......•. 44rnA (Typ) to SOrnA (Max) 

Power Dissipation 
Up to TA = +2500 ..•...•.......•....•.....•••.•. 825mW 
Above TA = +25°C .• " .•.•.•...••. Derate Linearly 8.7mWrC 

Junction Temperature (Plastic Package) •.•.......•.•.. + 150°C 
Lead Temperature (Soldering 10 Sec.) ..•.•....•....•.. +3000C 

Operating Conditions 
Operating Temperature Range ................. -40"C to +85°C 
Storage Temperature Range .......•.......... -650C to + 1 soac 
Thermal Package Characteristics (OCIW) 9JA 

Plastic DIP Package 115 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the davice. This is a stress only "'ting and ope",tion 
of the device at these or any other conditions above those Indicated In the ope",tional sections of this specification is not impOed. 

Electrical Specifications TA = +25°C, vcc = 12V, Vs = 2.85V, Vc = 2.85V, VAB = v pB = vee, VB adjusted for V18 = 6.3V, Cx adjusted 
for Fosc = 4.43361875MHz, Sandcast/e: VBG = 8.0V, VBLANK = 3.5V - Burst Gate centered on Burst. 
These conditions exist except as otherwise noted. See Figure 19 for test circuit. 

TYPICAL 
PARAMETERS TEST CONDITIONS VALUE UNITS 

LUMINANCE SECTION 

Input Impedance (Terminal 20) 6 k.Q 

5 pF 

Luminance Channel Input Voltage Luma Input Signal = 30% Sync. 0.5 Vp•p 

Bandwidth of Luminance Channel Luma Input Signal: 0.5Vp•p (30% Sync) modulated CW 8 MHz 
Adj. modulation frequency for -3dB at color outputs. 

Brightness Control Range (Terminal 23) For Control Characteristics, See Figures 1 and 2. 0-3.5 Voc 

Output Black Level Luma Input Signal: 0.5Vp•p (30% Sync) 

Range 
VB OV - 5V,Measured at Pin 18 black level. 

5.9-9.7 Voc See Figures 1 and 2. 

Offset 0.6 Max. Voc 

Contrast Control Range (Terminal 22) Luminance Input 0.5V p.p (30% Sync), for Control Characteristics. 0-5 Voc 
See Figure 3 

Luminance Gain Control Range Luminance Input: 0.5Vp.p (30% Sync), Vc = 0.5V - 5V measure 32 dB 
Pin 18 black level to maximum white level. See Figure 4. 

RGB Output Swing Luminance Input: 0.5Vp•p (30% Sync), Vc = 5V, read black 4 Vp.p 
level to peak white. See Figures 5 and 6. 

CHROMINANCE SECTION 

Input Impedance (Terminal 4) See Figures 7 and 8. 4.5 k.Q 

5 pF 

Chroma Channel Input Voltage Chroma 220 mVp•p 

Burst 100 mVp•p 

ACC Range +6-(-20) dB 

Input Burst Level for Kill (Note 1) Adjust chroma input Pin 4 until Pin 2 s 25mVp.p. 10 mVp.p 
Measure Burst level at Pin 4 

Contrast Control Chroma/Luma Tracking Chroma Input: Burst = 100mVp.p, Chroma = 220mVp.p. ±5 % 
Luminance Input: 0.35Vp.p, Vs adjusted for Chroma at 
Pin 18 = 2Vp•p. Vc is adjusted for luminance at Pin 18 = 2Vp•p, 
V c is again adjusted for luminance of +6 and -9dB. 
Then read chroma percentage difference. See Figure 9 

Saturation Control Range (Terminal 3) For control characteristic, see Figure 10. 0-5 Voc 
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Electrical Specifications TA= +25°C, Vee = 12V, Vs =2.85V, Vc =2.85V, VAB = vPB - vee, VB adjustedforV18 .. 6.3V, Cxadjusted 
for Fosc = 4.43361875MHz, Sandcastle: vBG = 8.0V, VBlANK = 3.5V - Burst Gats centsred on Burst 
These conditions axlst axcept as otherwise notsd. See Figure 19 for test circuit. (Continued) 

TYPICAL 
PARAMETERS TEST CONOmONS VALUE UNITS 

Saturation Control Range (Terminal 3) For control characteristic, see Rgure 10. 0-5 Voc 

Maxinun Chroma Output Voltage (Terminal 2) Chroma Input: Burst = 100mVp.p, Chroma = 22OmVp.p. 2.5 Vp.p 
Adjust Vc and Vs lor maximum Pin 2 output 

OSCILLATOR SECTION 

Pull-In Range Chroma Input: Burst = 100mVp_p, Chroma = 220mVp.p. ±5oo Hz 
Adjust Cx lor HIILO lose without Chroma signal. 
Apply signal to lock. 

Static Phase Error 2 DegJ 
100Hz 

DEMODULATOR SECTION 

R-Y Darnodulator Conversion Gain Chroma Input Burst =100mV, Chroma = 220mVp.p,VIII. 10 Ratio 
Adjust Vc for V18 = 1V. Read V15. Calculats V181V15. 

B-Y Demodulator Conversion Gain Chroma Input Burst = 100mVp.p, UIII. Read V16 and V14. 18 Ratio 
Calculats V181V14. Vc rarnalns as for R-Y gain. 

G-YIB-Y Matrix Ratio Chroma Input Burst =l00mVp.p, Chroma = 22OmVp.p, UIII 0.2 Ratio 
read V17 and V16, Calculate V17N16. Vc remains as above. 

G-Y/R-Y Matrix Ratio Chroma Input Burst =100mVp.p, Chroma = 220mVp.p, VIII. 0.5 Ratio 
Read VI7 and V18. Calculate V17N18. Vc remains as above. 

Sub-Canier and Harmonic Contsnt at Outputs No Chroma or Luma Input. Read residual carrier at outputs. 30 mVp'p 

SANDCASTLE PULSE 

Horizontal and Vertical Blanking Pedestal 2-5 V 

Burst Gats Pulse 6.5-Vee V 

NOTES: 

1. If a different value Is desired, see the Threshold Adjustment Clrcult of Figure 17. 

2. Use of the circUit of Rgure 18 Is suggested to prevent Increased color saturation at low level RF signals. 

3. The reference voltage can be adjusted by changing the valuas of the voltage divider. 

Circuit Description (See Block Diagram and Figure 20) 

The chroma signal is externally separated from the video 
signal by means of a bandpass or high-pass filter and 
applied to pin 4. The burst is separated in the first chroma 
stage and applied to the synchronous detector which pro
vides information to sample-and-hold circuits for APe 
(phase-locked loop), ACC (automatic chroma gain control) 
and identification and killing. The 4.43-MH;t crystal oscillator 
is phase-locked to the burst and provides 0° and 900 (via an 
external phase shifter) carriers to the chroma demodulators. 
The burst and chroma amplitude at the output of the first 
chroma amplifier is kept constant by the automatic gain con
trol. 

A buffer stage drives the external PAL delay line. The sepa
rated U and V signals are applied to pins 14 and 15, respec
tively, and demodulated. A standard G-Y matrix is included 
on the chip. 

The second chroma stage provides saturation control (pin 3) 
which tracks the contrast control in the luminance channel. 
This stage is also used for color killing. 

The luminance Signal passes through the subcarrier trap 
and through the luminance delay line and enters the chip at 
pin 20. Contrast and brightness control is provided before 
the luminance signal is combined with the color difference 
signals in the Y matrix. Average and peak beam limiting cir
cuits are controlled from pins 24 and 19. 
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Typical Performance Curves 
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PIN 23 - BRIGHTNESS CONTROL (Ya. V) 

FIGURE 1. BRIGHTNESS CONTROL (Va> MEASURED AT PIN 
18 OUTPUT TERMINAL 
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Typical Performance Curves (Continued) 
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FIGURE 7_ ACC CHARACTERISTICS MEASURED AT PIN 2 
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Typical Performance Curves (Continued) 
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Test Circuit (Continued) 
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Features 

• All Chroma Processing and Demodulating Circuitry 
on a Single Chip In a 28 Lead Plastic Package 

• Phase Locked Subcarrler Regeneration Utilizing Sam
ple and Hold Techniques 

• Supplementary ACC with Overload Detector to P ..... 
vent Over Saturation of the Picture TUbe 

• Unear DC Controls for Chroma Gain and Tint 

• Dynamic "Flesh Correction" - Corrects Purple and 
Green Flesh Colors without Affecting Primary Colors 

• Balanced Chroma Demodulators with Low Output 
Impedance for Direct Coupling 

• Internal RF Filtering 

• Requires Few External Components 

• Automatic Beam Limiter 

• Chroma luminance Tracking Picture Control 

Pinout 

CA3217 
Single Chip TV 

Chroma/Luminance Processor 

Description 

The Harris CA3217E* is a monolithic silicon integrated 
circuit. It contains all the required circuit functions between 
the video detector and the picture tube RGB driver stages of 
a color television receiver. The CA3217E decodes the 
chrominance signals and then produces three different color 
signals that are internally combined with the luminance to 
develop the RGB signals. The picture saturation, hue and 
brightness DC controls are externally adjustable by the 
viewers. The AFPC, ACC, Dynamic flesh control, Beam 
limiting and Gate black level (Brightness) control are servo 
loops used to stabilize the RGB output and reduce frequent 
manual adjustment. The automatic beam limiter circuit 
reduces picture contrast and brightness to prellent excessive 
drille output at the picture tube. 

• Formerly d8\!. type no. TA 10806. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CA3217E -4O"C to +85"C 28 Lead Plastic DIP 

CA3217 
(PDIP) 

TOP VIEW 

ACe, KILLER ALTER 

APCALTER 

26 PICTURE CONTROL 

2S LOW PASS FILTER 

24 BRIGHT CONTROL 

19 Q CARRIER IN 

18 I CARRIER IN 

17 DEMODULATOR CHROMA IN 

16 OVERLOAD, FLESH DISABLE 

1S CARRIER OUT 

CAUTION: These devices are sensnive to electroslatic discharge. Users shoukllollow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 
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Specifications CA3217 

Absolute Maximum Ratings Operating Conditions 
DC Voltage (Between Terms 23 & 8) •••••••••••••••••••. 14.0V 
Power Dissipation 

Operating Temperature Range ••••••••••••••••• -40"C to +85°C 
Storage Temperature Range •••••••••••••••••• -6500 to + 150°C 

Up to TA = +5500 •••••••••••••••••••••••••••••••• 1.27W 
Above TA = +5500 ••••••••••••• Derate Linearly at 13.3mWf'C 

Junction Temperature (Plastic Package) ••••••••••••.•• +1500C 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3000 C 

CAUTION: stresses above those listed In "Abso/uts Max/mum Ratings' mey cause permanent dsmege to thB d8vica. This is a stress only rating and operation 
of the device at thsse or any other conditions above those Ind"/C8ted In thB operational sections of this specification is not ImpUed. 

Electrical Specifications TA = +25·C 

I TEST CONDITIONS I UMITS I 
mVp'p mVp.p mVp'p RELAYS 

PARAMETERS TEST S2 S3 54 S5 S6 CHROMA BURST IN LUMA ENERGIZED MIN TVP MAX UNITS 
DC ELECTRICAL SPECIFICATIONS (Test 1-5) 

Dissipation Pin 23 6.3V 11.2V 4.0V 6.3V 11.2V 30 48 66 mA 

Pin 1 Bal XPTl l.2V 11.2V 4.0V 6.3V 11.2V 10.5 VDC 

Pln3Bai XPTl 1.2V 11.2V 4.0V 6.3V 11.2V 2.2 VDC 

Pin 17Bal XPT9 1.2V 11.2V 4.0V 6.3V 11.2V 3.0 VDC 

Pin 13 Bal XPT 1.2V 11.2V 4.0V 6.3V 11.2V 7.5 VDe 
13 

SWITCHING ELECTRICAL SPECIFICATIONS (Tests 6-26) 

OSCillator Pull-In (Note 1) '0' 6.3V 11.2V 4.0V 6.3V 11.2V 25 25 K4, K7 -350 +350 Hz 

Oscillator Level '0' 6.3V 11.2V 4.0V 6.3V 11.2V 0 0 K7 0.7 Vp.p 

100% ACC (Note 2) P21 Vary 11.2V 4.0V 6.3V 11.2V 125 125 K4,K7 1.5 Vp.p 

200% ACC (Note 3) P21 T8 11.2V 4.0V 6.3V 11.2V 250 250 K4, K7 100 % 

20% ACC (Note 3) P21 T8 11.2V 4.0V 6.3V 11.2V 25 25 K4,K7 90 % 

Tint Center (Note 4) S5 Vary 11.2V 4.0V Vary 11.2V 250 125 K4,K7 6.5 VDC 

R·YMaximum P21 11.2V 11.2V 6.0V Tll 11.2V 250 125 Kl, K4, K7 6.0 Vp.p 

Unkill P21 11.2V 11.2V 4.0V T11 11.2V 25 12.5 K4,K7 4.5 Vp.p 

Kill P21 11.2V 11.2V 4.0V T11 11.2V 25 2.5 K4,K7 150 mVp.p 

Chroma Reserver P21 11.2V 11.2V 4.0V T11 11.2V 12.5 125 K2, K4, K7 2.0 Vp.p 

Maximum Luma (Note 5) P21 11.2V 11.2V 4.0V T11 11.2V 125 Kl, K3, K7 2.2 Vp.p 

Luma Ratio (Note 6) P21 11.2V 6.3V 4.0V T11 11.2V 125 Kl, K3, K7 50 % 

Linearity (Note 7) P21 11.2V Vary 3.0 T11 11.2V 425 K3,K7 4 Vp.p 

T19 = T191T18 P21 11.2V T18 3.0 T11 11.2V 212.5 K3, K7 50 % 

4.78MHz Response (Note 8) P21 11.2V 11.2V 4.0V T11 11.2V 125 K3, K6, K7 ·3 3 dB 

Contrast Limit 1 (Note 9) P24 11.2V 11.2V 4.OV T11 l1.2V 250 K3, K5, K7 3.9 VDC 

Contrast Limit 2 (Note 9) P26 11.2V 11.2V 4.0V T11 11.2V 250 K3, K5, K7 8.2 VDC 

Bright Limit 1 (Note 10) P24 11.2V 11.2V 4.0V T11 11.2V 250 K3, KS, K7 3.1 VDC 

Bright Limit 2 (Note 10) P26 11.2V 11.2V 4.0V T11 l1.2V 250 K3, KS, K7 5.6 VDe 

G· Y Ratio (Note 11) P20 Vary 11.2V 4.0V Til 11.2V 250 125 0.33 R 

B· Y Ratio (Note 11) P22 T25 11.2V 4.0V T11 11.2V 250 125 1.20 R 

NOTES: 

1. With K7 energized and frequency counter at D vary Cl for 3.579175MHz. Then with K4 energized, check for pull';n. Repeat for frequency 
tuned to 3.579875MHz. For all other tests tune to 3.579545MHz ±1 OHz. 

2. Vary S2 for 1.5Vp•p at Pin 21. 
3. % of 100% ACC. 
4. Adjust C1 for 3.579545MHz ±10Hz. Adjust S2 for 1.6Vp.p at Pin 22 and 0 reference, then adjust S5 for minimum at P21. Read and record 

S5voltage. 
5. Black to White. 
6. T17 = T171T16. 
7. Adjust S3 for 4.0V p.p. 
8. AC amplitUde = 50mVp•p reference 15kHz. 
9. Adjust beam limiter to 10.7V. 

10. Adjust beam limiter to 9.8V. 
11. Adjust S2 for 1.5Vp.p at Pin 21, then calculate P201P21 and P22tP21. 
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Specifications CA3217 

Typical Performance of the CA3217E 

FUNCTION TYPICAL DATA 

Nominal Supply 11.2V 

Nominal Dissipation 500mW 

Oscillator Stability 

Supply Variation 1O·1"V 5Hz 

Variation With Temperature (AT = +5O"C) 25Hz 

AFPC Characteristics 

DC Loop Gain 33HzlDegree 

Pullin Range t500Hz 

ACC Characteristics 

100% Chroma Input Level 250mVp.p on Red Bar 

3dB Point At 20% Nominal Input Level 

Hue Control Range 1000 

Saturation Control Range 4OdBMln. 

DEMODULATOR PARAMETERS RELATIVE AMPLITUDE ANGLE 

R-V 1.0 93" 

B-V 1.2 2" 

G-V 0.3 2580 

Bandwidth (Chroma) 900kHz 

Flesh Control Primary Controi In the + 1 Half Plane 

Chroma Overload Control Two Levels 

Picture Control 40dB 

Brightness Control Black Level Clamped on 3V to 5V Level 

Beam LImiting On Picture and Brightness Controls 

Luma Bandwidth 5MHzMin. 

SandcasUe Input 

1.2 - 2.3V Blanking 

>3.3V Burst Gate 

Maximum Unear Output 

R 5V 

G 3V 

B 3.7V 
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Functional Block Diagram 
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Schematic Diagram 
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CA3217 

Schematic Diagram (Contlnuacl) CA3217E 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Features 
• 5 Multiplex Video Channels 

- 1 Independent Channel 

- 4 Channels with Enable 

• 4 LED Channel Indicator Outputs 

Description 

CA3256 
BiMOS Analog Video 
Switch and Amplifier 

• W1deband Video Amplifier ________ 25MHz Unity Gain 

The CA3256 BiMOS analog video switch has five channels 
of CMOS multiplex switching for general-purpose video
signal control. One of four CMOS channels may be selected 
In parallel with channel 5. The CMOS switches are inputs to 
the video amplifier but may be used in bilateral switching 
between channels 1 to 4 and channel 5. The analog 
switches of channels 1 to 4 are digitally controlled with logic 
level conversion and binary decoding to select 1 of 4 
channels. The enable function controls channels 1 to 4 but 
does not affect channel 5. LED output drivers are selected 
with the channel 1-t0-4 switch selection to indicate the ON
channel. Channel 5 may be used as a monitor output for 
data or signal information on channels 1 to 4. The 
transmission gate switches shown in the block diagram of 
the CA3256 are configured in a .,.. design to minimize 
feedthrough. When the switch is off. the shunt or center of 
the ..,.. is grounded. 

• AdJustable Video Amplifier Gain 

• High Signal-Drive Capability 

Applications 
• Video Multiplex Switch 

• 750 Video AmplHlerJUne Driver 

• Video Signal-level Control 

• Monitor Switching Control 

• TV/CATV AudlolVldeo Switch 

• Video Signal AdderlFader Control 

Ordering Information 

PART 
NUMBER 

CA3256E 

CA3256M 

Pinouts 

TEMPERATURE 
RANGE 

-4O"C to +85°C 

-4000 to +8l)OC 

CA3256 
(PDIP) 

TOP VIEW 

CONTROLC 7 

FEEDBACK 8 

AMPLOUT II 

PACKAGE 

18 Lead Plastic DIP 

20 Lead SOIC 

8 CONTROLB 

IN2 

6 CONTROLA 

vee 
INIOUT5 

LED 1 

1 LED2 

LED 3 

The amplifier has high input impedance to minimize the RoN 
transmission gate insertion loss. The amplifier output imped
ance Is typically 50 in a complementary symmetry output. 
The amplifier can directly drive a nominal 750 coaxial cable 
to provide line-to-line video switching. The gain of the ampli
fier is programmable by different feedback resistor values 
between pins 8 and 9. Compensation may also be used 
between these pins for an optimally flat frequency response. 
An internal regulated 5V DC bias reference with temperature 
compensation permits stable direct-coupled output drive and 
minimizes DC offset during signal switching. 

IN3 

LED4 

IN4 

QND 

VEE 
ENABLE 6 

CONTROLC 7 

FEEDBACK 8 

AMP OUT 

CA3256 
. (SOIC) 

TOP VIEW 

CONTROLB 

IN2 

CONTROL A 

NC 

IN1 

1 vee 
1 INIOUT5 

1 Ne 

LED1 

CAUTION: Thasa devices are sensillve 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1769.3 
Copyright 0 Harris Corporation 1993 
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Block Diagram 
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Specifications CA3256 

Absolute Maximum Ratings 
DC Supply Voltage Range, Vee (Referenced to VEE)' .••.... +18V 
Control Input Voltage Range, Allinpuis •••••••.•••.•. VEE to Vee 
Signal Input Voltage Range, Channel 1-5 ••••••••••••..•• 3Vp-p 
Amplifier OUtput Current ••••••.••.•••.•.•••••••.•••••• 30rnA 
DC LED Sink Current ................................ 30rnA 
Junction Temperature (Plastic Packages). • . • • • • • • • . . . . • + 1!iO"C 

Operating Temperature Range .••••.••.••••.•.• -4O"C to +85"C 
Storage Temperature Range •...•...••..••.... -65"C to + 1!iO"C 
Lead Temperature (Soldering His) ••.•••••••..•••••••• +3OO"C 

CAUTION: SIIYJsses aboIIIIlhose listed in "lIbsolufIJ Meximum Ratings" may cause permanent damage to the dav/ce. This is • s/rses only fBting and operation 
of the dsvIt» al these or any olhar condl6ons abcw8 Ihoselndlcaled In the operational sections of /his sp8C1f/ca~ Is not Implied. 

Electrical Specifications TA = +25"C, Nominal Data for Vee = 12V; Vee = GND 

CHARACTERISTICS SYMBOL TYPICAL VALUES 

Power Supply Voltage Vee-VEE 10to 17 

Power Supply Current Vee-VEE = 12V 20 

SWITCH AMPUFIER 

Open Loop Gain AoL 

Programmable Gain, FB Adjustment Range 

Power Bandwidth 

Unity Gain Bandwidth, 1110, 7pF Compensation 

Insertion Loas 

Signal Feedthrough, 5MHz 

Input Impedance liN 

Output Impedance loUT 

Maximum Input Voltage VI(max) 

Maximum OUtput Voltage, Clipped VO(rnu) 

Reference Bias OUtput Voltage (V8 - Vee) 

Differential Gain 

Differential Phase 

Off Isolation, Channel to Channel, ljN = 750 

LLC SwItch Tum OntOff TIme Delay 

Maximum LED Sink Current 

Typical OUtput Source Current 

Channel Control Switch A, B, C and EN Threshold VTH 
(Note 1, 2) 

CAUTION: Connect the Vee power supply voltage before or during the Vee turn-on. 

NOTES: 

1. Threshold value Is referenced to GND. 

2. VTH is restrictad by the equation, VTH < Vee -1. 
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Specifications CA3256 

Electrical Specifications TA = +25"C, vee = +12, VLEO = +12, VEE = GND, Pin 4 = GND, Feedback Switch Closed, VH1GH = 9V, 
VII1N = 3V (See Figure 3), Unless Otherwise Specffied. 

INPUTS CHANNEL SWITCH CONTROL 

CH1 CH2 CH3 CH4 CH5 A B C ENABLE NOTE 3 
TEST 

PARAMETERS PIN 15 PIN 17 PIN 1 PIN 3 PIN 13 PIN 16 PIN 18 PIN 7 PIN 6 PIN. MIN TYP MAX UNITS 

Supply Current, lee OV OV OV OV OV 3V 3V 3V 3V 14 10 16 22 rnA 
VLEo = OV 

Dual Supply Current OV OV OV OV OV OV OV OV 7V 1415 10 20 26 rnA 
Vee = +7, VEE =-5 

Amplifier Output, OV OV OV OV OV 3V 3V 3V 3V 9 6 8.5 10 V 
Open Loop 
VLEO = OV 

Amplifier Output, OV OV OV OV OV 3V 3V 3V 3V 9 4.8 5.1 5.4 V 
Closed Loop, 
VlEO=OV 

lOUT MAX. (Source) OV OV OV OV OV 3V 3V 3V 3V 9 - -70 -25 rnA 
Open Loop Note 1 

lOUT MAX. (Sink) OV OV OV OV OV 3V 3V 3V 3V 9 10 16 - m\ 
Open Loop Note 2 

Input Leakage 3V 3V 3V 3V 3V 3V 3V 3V 3V 1,3,15, -15 5 15 nA 
Channel 1-5 17 

Channel Control OV OV OV OV OV Measure at 3V, 9V each; 6,7,16, -20 10 20 nA 
Input A, B, C, Enable and Channel 18 
Enable Leakage Switching Control Inputs 

LED Off, VOFF OV OV OV OV OV Seleet Channel 0-5 2,10, 11.97 11.99 - V 
11,12 

LED On, VON OV OV OV OV OV Seleet Channel 0-5 2,10, - 0.1 0.3 V 
11,12 

Switch Resistance, ±100jIA Input Each Switch, SeleetChannel 9V 9V 0.8 1.1 1.4 kO 
Ros Channel 1-4 + 5 1-4 

RosMatch Calculation: (Max RDS - Min RosllMin Ros - - 3.6 5 % 

Amplifier Output OV OV OV OV OV OV OV OV 7V 9 -100 45 100 mV 
Offset Vo Feedback 
Switch Closed 
Vee = +7, VEE =-5 

Closed Loop Unity 3V OV OV OV OV 3V 3V 3V 9V 9 -0.5 -0.1 0.5 dB 
Gain 

NOTES: 

1. VOUT =+3v. 

2. VOUT = +7V. 

3. DIP Pinout 
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Typical Applications 

CHANNELl 

1001( 

20FI 
INPUTS 
SHOWN 

oWf..'m -+ >--i 

CA3256 

75A 

LED INDICATOR CHANNEL 1 y 
~~------~~+t------~~----~ LED 

LED INDICATOR CHANNEL 2 

LED INDICATOR CHANNEL 3 

LED INDICATOR CHANNEL 4 
~~------+{2.~~----~~----~ 

4 

4.7K -=- GND 

WHERE AMPUFIER GAIN: 

Ay. r: + Rf+1KJ XU L 10K 

I.e. FORAy. 1.1 

Rf·1kO 

FIGURE 2(8). TYPICAL APPUCATION BIAS CIRCUIT DIRECT-COUPLED OUTPUT WITH VEE. ~ (DIP PINOUT) 
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Typical Applications (Continued) 

O.1"F 100K 

100K 

2.2 "F 
CHANNEL 1 --+ >-r:! 

INPUT .I. 75C 

CHANNELS 
INPUTI 

OUTPUT 

20FS 
INPUTS 
SHOWN 

ENABLE 
CHANNEL 6 

1-4 
4.7K 

CA3256 

YEE YCC 
TO GND +12 TO +1'Y 

CCOMP 

750 Y0UT1 

~) 1750 

LED INDICATOR CHANNEL 1 

LED INDICATOR CHANNEL 2 

>c-I-----f11H .. ---A.JV'Y----+ 

LED INDICATOR CHANNEL 3 

>C~~----~O~ __ --~~--1 

LED INDICATOR CHANNEL 4 

~-;------~.2~ __ ----~~--~ 

WHERE AMPUFIER GAIN: 

YLED 

Ay. r; + RF+1KJ XO.II 
L.: 10 K 

4 

4.7K -=- GND 

FOR THIS CIRCUIT: 
Vee. +12Y 

A.1.1 X 
BW. ,.MHz (SINEWAYE) 

YOUT. 1Ypp 
RF-'K 

FIGURE 2(b}. TYPICAL APPLICATION BIAS CIRCUIT AC-COUPLED INPUT WITH VEE" GND (DIP PINOUT) 

Your 

Waveform Display (Figure 2b) Pulse Performance = 20ns '" for 0 to 
2V Pulse. 

Vee = +12V, RF = 1kn, CCOMP = 6pF, Pin 9 at VEE(GNO)' 
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CA3256 

Typical Applications (Continued) 

IN1 

CiD---+ 

IN2 

IN3 >--.... --( 

IN4 

INS , , , , , 

LLC 
ENABLE 

AND 
CHAN 1-4 
SELECT 

: A B 
'... _ ........ _---------- ---

• ENABLE 

10K' 
VEE Vee 

10K 

OFFSET 
ADJ. 

4 

, , , , , , , , , , , , , , 
.! 

12 

11 

• Adjust offset for Voc at pin 9 equal to zero volts with no AC signal and one channel "ON". QND 
Dynamic clamping may be aocomplished by error current faedback to pin 8. 

VOUT"2Vpp 

510Q 1~ 
VEE 

V LED 

LED UK 

LED UK 

LED UK 

LED UK 

FIGURE 2{C). TYPICAL APPUCATION BIAS CIRCUIT DC-COUPLED INPUT AND OUTPUT. THE Vp.p OUTPUT CAPABIUTY IS FIXED 
BY THE Vee AND VEE RANGE. (DIP PINOUT) 

11181D1V1S1ON 

+1 
o 

·1 
10 

o 

PHOTO 1. WAVEFORM DISPLAY (FIGURE 2c) GATED OUTPUT FOR Vee = +12V 
ENABLE. HIGH. CONTROL B. C. LOW. CONTROL A. 10V PULSE. 
THE BURST OUTPUT IS DELAYED" 400n8 AT toN. toFF. 

7·60 



Typical Applications (Continued) 

10JISIDIVISION 

PHOTO 2. STANDARD NTS COLOR BAR 

Test Circuits 

CONTROL INPUTS (CHANNELSELEcn 

CA3256 

10JISIDIVlSlON 

PHOTO 3. UNIFORM STEP SIGNAL WITH 3.S8MHz 
MODULATION 

FEEDBACK 
SWITCH 

FIGURE 3. CA3256 TEST CIRCUrr (DIP PINOUT) 
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CA3256 

Test Circuits (Continued) 

VIN • 2oomV(pp), AT LOW FREQUENCY OdB REF. EQUAL 
1.13 x GAIN AMBIENT TEMPERATURE (TA. 25"C) 

-10 L..-...... --I ....... .u.....--''--....... .I-LI_-'-.....L-LU---I_.L.JL..LI 

0.01 0-1 1 10 100 
FREQUENCY (MHz) 

FIGURE 4(a). GAIN-BANDWIDTH CHARACTERISTICS OF 
FIGURE 2(b) WITH COMPENSATION 
CAPACITOR, CCOIlP, AND Rio SEE FIGURE 4(b) 
AND FIGURE 6(1). 

o 
YOUT. 200mV(pp), AT LOW 
FREQUENCY OdB REF. GAIN WITHOUT 

o 1-+-I-+f.p,,~"EEDBACK. 30dB AMBIENT 
\ TEMPERATURE (TA. 25GC) 

-4 I--I-++H--I\-I \+-H+--f-f-+H--IH-+H 'B . 
~ -6 I-+--+-H.f---I~I-+I+--I--+-+H-~+-++I 

-10 I-++-++~++-Hf--I-++H-+-+~ 

0.01 0.1 1 10 100 
FREQUENCY (MHz) 

FIGURE 5(a). OPEN LOOP GAIN-BANDWIDTH 
CHARACTERISTIC OF FIGURE 2(b) WITH NO 
FEEDBACK, SEE FIGURE 5(b) AND FIGURE 6(5) 
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FIGURE 4(b). TEST CIRCUIT 

~}--- NO FEEDBACK 

~ 
"\ 
~ 

~ I V-
-0--' OUTPUT 

TG AMPL 

II 220",,~T . ..i 15O!l 

FIGURE 5(b). TEST CIRCUIT 



CA3256 

Test Circuits (Continued) 

7pF 

750 

A.1.1X 
BW.18MHz 
VOUT·1Vpp 

~-O~----JV~--~--O VOUT ..... - .... 
7S0 

(1) 

A= 1.1X 
BW.40MHz (1.2 X GAIN PEAK AT 2SMHz) 
VOUT" 200m Vpp 

(3) 

l~voUT 

AoL=30X T ~ BW=2S0kHz 

~~ V;::200mvpp 

.fSOO 

(5) 

6pF A=1.1X 
BW.28MHz 

1K VOUT,,2Vpp 

9 

F 2800 

-

(7) 

2pF A.2X 
BW.1SMHz 
VOUT,,2Vpp 

t--{!!}-..... --1I .. --+ ....... 0 VOUT 

750 

NOTE: 4700 added to increase source drive current. 

A .. 1.1X 
BW,,15MHz 
VOUT" 200mVpp 

lOOK 

(2) 

(4) 

(6) 

2X 
26MHz (UNITY GAIN) 
400mVpp 

BW.6MHz 
VOUT" 200mVpp 

11--0 VOUT 

-Wv- OFFSET ADJ. 
+ (SETS DC OUT LEVEL) 

VOC"SV 

NOTE: Add Rs to reduce high-frequency slewing. 

(8) 

A.1.1X 
BW.28MHz 
VOUT=2Vpp 

FIGURE 6. OTHER TABULATED RESULTS FOR VARIATIONS OF LOAD AND FEEDBACK FOR CIRCUIT, FIGURE 2(b); Vee = +12V 
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CA3256 

Application of High Speed CMOS 
Analog Switches 
CMOS analog switches are available in a wide variety of 
forms, and have been known and used for some time. There 
are a number of advantages to using the CMOS transmis
sion gate as a switch: 

• Ideal Suitability to Series Cascade Arrangements. 

• Simple Multiple Parallel Input Switching Arrangements. 

• No Bipolar Junctions and, Hence, No Offset. 

• Very Low Power Consumption. 

• Wide Signal-Swing Capability. 

• Fast Multiplexing and Video Switching in High-speed 
CMOS. 

• Wide Bandwidth in High-Speed CMOS. 

• Low RON Channel Resistance In High-Speed CMOS. 

• Bidirectional Signal Handling. 

An Integrated Video-Switch Amplifier 

Commonly, integrated video-switch amplifiers have been 
fabricated In the bipolar technology using differential amplifi
ers in a current-switching mode. In this form, two differential 
pairs are needed for two input-signal sources. The handling 
of multiple sources is very much more complex. The advan
tages of the CMOS video-switch amplifier have already been 
noted. While the bipolar video switch has high output drive 
and switching speed as advantages, the price is high in volt
age offset and current drain. The integrated device solution 
that is offered here is in the use of the BiMOS technology, 
where both the CMOS and bipolar processes complement 
each other to provide CMOS SWitching with bipolar amplifi
ers. The BiMOS process allows several CMOS switches to 
be coupled to a bipolar drive-amplifier in the same process 
to exploit the best of two technologies. 

Other advantages are gained when the BiMOS process is 
used for an IC video-switch amplifier design. The BiMOS 
process calls for a p-substrate and, therefore, isolated n-epi
taxial boats can be built for both nand p channel parts. The 
boats provide for better isolation of the nand p channels. 
The nand p wells in a transmission-gate cell can be 
switched between source and rail; therefore, they have a 
smaller body effect on both nand p devices, which results in 
better gain linearity. Where desired, oxide capacitors are 
available for bipolar amplifier compensation. 

CA3256 Vldeo-Swltch Amplifier 

The block diagram of Figure 1 shows the functional diagram 
of the CA3256, which consists of five MOS channels, each 
comprising a three-element T-switch. The output of the five 
switches is made common and fed into the input of a bipolar 
~uffer amplifier. The T-switch, together with the input 
Impedance of the buffer, is typically 10kn, and has an inser
tion loss of approximately O.8dB. The T-switch was designed 
to handle up to 3Vpp input signal with low distortion. The 
T-switches of the CA3256 conform to a break-before-make 
format; hence, shorting to ground is eliminated. 

The amplifier is programmable for gain and, typically, can 
provide a gain of 1 into a 75n load or a gain of 5 into a 1 k.Q 
load. The maximum output signal swing with linearity is 
greater than 5Vpp for (Vee - VEE) greater than or equal to 12 
volts, while the maximum output current is approximately 
20mA. The amplifier has base-current compensation to 
reduce offset and a temperature compensated 5-volt zener 
referenced bias. Other features include LED-selector 
indicators for channels 1 through 4. The fifth channel is inde
pendently selectable for use as a separate input or output in 
parallel with any on channel, and may be used as a monitor, 
or for pass-through, signal summing, or parallel distribution. 

In the application, the user has the option to specify -5 volts 
VEE for the switch and a ground reference for the amplifier 
input and output. Alternatively, the CA3256 may be used 
with a single +12 volt supply. The logic select for channels 1 
through 4 is controlled by the A, B and Inhibit lines with 
ground to Vee logic switching. The logic threshold is approx
imately - (Vee - VEE)/2 referenced to ground. DC coupling 
may also be used at the output (when VEE is returned to a 
-5 volt supply). For the circuit of Figure 2(b). AC coupling is 
used at the output and input. The switching bias 
arrangement shown provides for stable bias across each 
switch when In the off poSition to minimize transients when 
the input is switched. 

Any combination of switch input circuits can be configured 
with multiple, parallel, line-drive outputs. The video-switch 
amplifier circuit of Figure 7 illustrates how the CA3256 may 
be configured in pairs to provide an 8-t0-1 video-switch 
amplifier using a 3-bit address to select the input. It is also 
possible to use the fifth channel input to tie signals to a 
cornmon bus line for distribution from the selected amplifier; 
however, distributed capacitance loading will result in 
reduced bandwidth. The 4 plus 1 combination of input-signal 
switching provides for a wide assortment of video-switch 
circuit configurations. 

While the BiMOS process does provide some compromises 
for both the switch and the amplifier, the combined system is 
capable of the performance needed in most high-quality, 
switching applications. As an integrated system, many of the 
problems in pc-board layout are simplified, and there is a 
reduction in component count. In its simplest form, with +12 
and -5 voit supplies, the CA3256 may be DC connected at 
the input and output; the LED indicators need not be 
connected. Under these conditions, the circuit may be as 
simple as the one in Figure 7. 

Summary 

While each video-switch amplifier is designed for a specific 
application and, to that end, is tailored as far as performance 
to a given set of specifications, the circuit-designer's goal is 
generally the same in every case: to make the best possible 
switch for the lowest cost. In this respect, the CA3256 IC 
switch and amplifier discussed provide an excellent choice 
for a cost-effective high-performance video-switch amplifier, 
by taking advantage of the complementary features of both 
high-speed CMOS and bipolar integrated circuits. 
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CA3256 

Typical Applications (Continued) 

L...._-+_+ .. Your 

TRUTH TABLE 

CH C1 A B 

1 0 0 0 

2 0 0 1 

3 0 1 0 

4 0 1 1 

5 1 0 0 

6 1 0 1 

7 1 1 0 

8 1 1 1 

FIGURE 7. AN 8-T()"1 VIDEO-SWITCH AMPLIFIER USING TWO CA3256 DEVICES. 

7-65 



March 1993 

Features 
• Interlaced Composite Sync Output 

• Automatic Genlock capability 

• Crystal Oscillator Operation 

• 525 or 825 Une Operation 

• Vertical Reset Option 

CD22402 
Sync Generator for TV Applications 

and Video Processing Systems 

Description 

• Wide Power Supply Operating Voltage •••••••• 4-15V 

The Harris CD22402* is a CMOS LSI sync generator that 
produces all the timing signals required to drive a fully 2·to-1 
interlaced 525-lIne 3O-framelsecond. or 625-line 25-framel 
S8COI1d TV camera or video processing system. A complete 
sync waveform is produced which begins each field with six 
serrated vertical sync pulses, preceded and followed by six 
half-width double frequency equalizing pulses. The sync out
put is gated by the master clock to preserve horizontal phase 
continuity during the vertical interval. 

Applications 
• Cameras 

• MonHora and Displays 

• CATV. 

• Teletext 

• Video Games 
• Sync Restorer 

• Video Service Instruments 

Ordering Information 

PART TEMPERATURE 
NUMBER RANOE 

CD22402D -4O"C to +85"C 

CD22402E -4O"C to +85"C 

PACKAOE 

24 Lead Ceramic Sidebraze 
DIP 

24 Lead Plastic DIP 

The CD22402 can be operated either in "genlock" mode, In 
which it is synchronized with a reference sync pulse train from 
another TV camera, or in "stand-alone" mode, in which it is 
synchronized with a local on-chip crystal oscillator (the crystal 
and two passIW components are off chip). Also, the circuit can 
sense the presence or absence of a reference sync pulse train 
and automatically select the "genlock" or "stand-alone" mode. 

A frame sync pulse is produced at the beginning of every odd 
field. The vertical counter can be reset to either the first equal
izing pulse or the first vertical sync pulse of the vertical inter
val. The interlaced sync provided by the CD22402 differs from 
R8-170 by having slightly narrower sync and equalizing 
pulses. The clock frequency of 32 times horizontal rate allows 
for approximately 4~ horizontal pulse widths and ~ equal
Izing pulses. Otherwise operation can be phase locked to a 
color sub-carrier for a full interlaced operating system. 

The CD22402 is operable with a single supply over a voltage 
range of 4V to 15V • 

• Formerly Developmental1}tpe No. TA6993. 

Pinout CD22402 (pDIP, CDIP) 
TOP VIEW 

DELAY, GENLOCK TO CRYSTAL OSQLLATOR 1 

CRYSTAL OSCILLATOR FEEDBACK TAP 2 

HORIZONTAL DRIVE OUTPUT • 

MIXED SYNC OUTPUT 5 

GENLOCK OSCILLATOR CAPACITOR CONNECTION 6 

MIXED BEAM BLANKING OUTPUT 7 

VERTICAL COUNTER RESET TO FIRST EQUALIZING PULSE 8 

VERTICAL DRIVE OUTPUT I 

VERTICAL RESET TO FIRST VERTICAL SYNC PULSE 

HORIZONTAL CLAMP OUTPUT 

Vss 

RESISTOR CONNECTION FOR GENLOCK OSCILLATOR 

MASTER FREOUENCY INPUT 

R-C CONNECTION FOR GENLOCK OSQLLATOR 

DELAY, GENLOCK TO CRYSTAL OSQUATOR 

GENLOCK INPUT (COMPOSITE SYNC) 

Voo 

&25 UNE TO &25 UNE OPERAlION SWITCH 

VERTICAL PROCESSING BLANKING OUTPUT 

SHORT VERTICAL DRIVE OUTPUT 

FRAME SYNC OUTPUT (ODD FIELD) 

HORIZONTAL PROCESSING BLANKING OUTPUT 

MIXED PROCESSING BLANKING OUTPUT 

CAUTION: Thesa devices are sensHiw to electrostatic discharge. Users should follow preper I.C. Handling P1:ocaduras. File Number 1686.2 
Copyright 0 Harris Corporation 1993 

7-66 



Specifications CD22402 

Absolute Maximum Ratings 
DC Supply Voltage 

Voltage Referenced to Vas Terminal. • • • . • . • . • . . . . . • . • .. 15V 
Input Voltage Range, AU Inputs (Notes 2,3) ••••••• Vas:S: V,:S: Voo 
DC Input Current, Any One Input (Note 2) ••••••••••••••••• ±10mA 
Power Dissipation Per Package 

TA = -40"C to +6O"C (Package 1VPe E) .•••••••••••••• 500mW 
TA = +6O"C to +85"C 

(Package 1\'pe E) •••• Derate Unearly at 12mW,oc to 200mW 
TA = -55"C to +100"C (Package 1VPe D) •••••.••••••• 500mW 
TA = +100"C to +125"C 

(Package 1\'pe D) •••. Derate Unearly at 12mW,oc to 200mW 
Power Dissipation Per Output Thlnsistor 

TA = Full Package Temp. Range (All Package Types) .••. 100mW 
Lead Temperature (Soldering 10 Sec.) ..•••.•.•.......• +3OO"C 

Operating Conditions 
Operating Temperature Range 

Package 1VPe D •••••••••••••••••••••••••• -55"0 to +125"0 
Package 1VPe E •••••••••.•••.••••.•.•••••• -4O"C to +85"0 

Storage Temperature Range ••.••••••.•••••••• -65"0 to +15O"C 

CAUTION: 8trasses sboIIe /hose Hsted in "Absolute MsxImum Ratings" may C8USS psrmansnt damage /0 the dtwica This Is •• tress only IBIing and opeIBtion 
of the rWv/c8.t IIHJaa or any oilier condllJons sboIIe /hose indicated in the opeI8lkm81 sscIiorJs of this specification Is not ~ 

DC Electrical Specifications Values at -55"0, +25"0, +125"C Apply to D, H Packages. 
Values at -40"0, +25°C, +85"0 Apply to E Package 

TEST 
CONDITIONS LIMITS AT INDICATED TEMPERATURES 

Vo Voo 
+25"C 

PARAMETERS SYMBOL M M -55"C -4Q°C +85"C +125"C MIN I TYP MAX UNITS 

DC ELECTRICAL SPECIFICATIONS 

Quiescent Device Current 100 Max. - 5 - - · - 0.5 0.75 1 rnA 

· 10 . . · . 1.5 2 2.5 rnA 

- 15 - - · - 3 4 5 rnA 

Output Low (Sink) Current IOlMln. 0.5 5 100 96 66 56 80 180 · pA 

5 5 1200 1155 787 672 960 1920 - pA 

0.5 10 248 239 164 140 200 400 · pA 

10 10 3000 2668 1968 1680 2400 4800 · pA 

Output High (Source) Current IoH Min. 4.5 5 ·100 -96 -65 -56 -80 -160 · pA 

0 5 -1200 ·1155 ·767 -672 -960 -1920 · pA 

9.5 10 ·248 ·239 -164 ·140 -200 -400 · pA 

0 10 -3000 ·2868 ·1968 ·1680 -2400 -4800 · pA 

Output Voltage Low Level VOL Max. · 5 0.15 0.15 0.15 0.15 · · 0.15 V 

· 10 0.15 0.15 0.15 0.15 · · 0.15 V 

Output Voltage High Level VOHMln. · 5 4.85 4.M 4.85 4.85 4.85 · · V 

- 10 9.85 9.85 9.85 9.85 9.85 · · V 

Input Low Voltage V'LMax. 0.5,4.5 5 1.5 1.5 1.4 1.4 · 2.25 1.5 V 

1,9 10 3 3 2.9 2.9 · 4.5 3 V 

Input High Voltage V'HMln. 0.5,4.5 5 3.6 3.6 3.5 3.5 3.5 2.25 · V 

1,9 10 7.1 7.1 7 7 7 4.5 · V 

Input Currant "NMax. · . . - · . · 10 · pA 

Refer to the CD4000B Series data book 250.5 for general oparating and application considerations. 
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Specifications CD22402 

Switching Electrical Specifications T,. = +25"C and cL = 15pF.1'1P1caI Temperature Coefflclent lor All Valuee 01 Voo = 0.3%I"C 

TEST 
CONDITIONS UMITS 

PARAMETERS (NOTE 1) SYMBOL VDDM MIN TYP MAX UNITS 

Output Stete Propagation Delay TIme (50% to 50%) 

Low-to-High Level It>u! 5 - 40 80 ns 

High-to-Low Level IpHL 10 - 20 40 ns 

Output Stete Transition TIme (10% to 90%) 

Low-to-High tTLH 5 - 45 90 ns 

High-to-Low tTHL 10 - 30"-- 60 ns 

Input Capacity (Per Input) C, - - 5 - pF 

NOTE: 
1. The characteristics giVen are defined for unbuffered gate In the CMOS process 01 the C022402. 

2. To prevent damage to the Input protection circuit, Input slgnsls should never be greater than Voo nor less than Vss. Input currents must 
not exceed lOrnA even when the power is off. 

3. A connection must be provided at every input terminal. All unused Inputs must be connected to V DO or V ss, whichever Is appropriate. 

Pin Descriptions 

PIN NO. SYMBOL DESCRIPTION 

1 XRC Delay, Genlock to Crystal OSCillator. Resistor, diode and capacitor connection for delay that automaUcally 
turns on the crystal OSCillator when the genlock Input Is removed. When the signal on terminal 1 Is high the crys-
tal OSCillator Is Inhibited. 1'1PicaI values for R end C are 1 MO end O.OOll1F. For operation as a crystal controlled 
stend alone sync generator without genlock, terminal 1 should be hardwired to V ss. 

2 XTP Crystal Oscillator Feedback Tap. Feedback connection (tap) for crystal OSCillator. When a crystel (shunted by 
a 1 MO resistor) Is connected between this terminal and terminal 23, and a l00pF capacitor Is connected from 
this terminal to V SIlo the sync generator creates its own master frequency. For a 525-llne, 3O-frame/second ras-
ter, the crystal frequency is 504.000kHz*; and for a 625-lIne, 25-lramelsecond raster, the crystal frequency is 
5OO.000kHz*. 

3 Vss Negative Power Supply Voltage. This terminal must be hardwired to terminal 12 (V ssl. 
4 HD Horizontal DrIve Output. 

5 MS Mixed Sync Output. 

6 C capacitor Connection for R-C Genlock Oscillator. 

7 MBB Mixed Beam Blanking Output. 

S VRE Vertical Counter Reset to First Equalizing Pulse. A low level signal on this terminal resets the vertical counter 
to the first equalizing pulse 01 a lIeld. When not in use this terminal should be connected to VOl> 

9 VO Vertical Drive Output. 

10 VRV Vertical Counter Reset to First Vertical Sync Pulse. A low I.evel signal on this terminal resets the sync gen-
erator to the first vertical sync pulse 01 a field. For genlock operation, terminal lOis used as a resistor end ca-
pacitor connection for an Integrator network that detects vertical sync pulses in a master sync waveform to which 
the sync generator is to be genlocked. R is 22kO, and C Is O.OOlpF. When not in use this terminal should be 
connected to V DI> 

11 HC Horlzontel Clamp Output. 

12 Vss Negative Power Supply Voltage. 

13 MPB Mixed Processing Blanking Output. 

14 HPB Horizontal Procasslng Blanking Output. 

15 FS2 Frame Sync Output (Odd Field). A pulse coinciding with thellrst equalizing pulse Is producad at the beginning 
01 every odd lIeld. 

16 SVO Short Vertical Drive Output. 

17 VPB Vertical Procasslng Blanking Output. 
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Pin Descriptions (Continued) 

PIN NO. SYMBOL DESCRIPTION 

18 &oN Operation Switch for 525-Une or 625-Une Raster. A high level signal on terminal 18 causes the sync gener-
ator to generate a 625-line raster. An internal pulldown resistor is connected to terminal 18. so in the absence 
01 an applied input to this terminal. a 525-line raster is produced. 

19 Voo PoSitive Po_r SUpply Voltage. Voo can be any voltage between +4 and +15 ralative to Vss. 

20 GEN Genlock Input Composite Sync. A negative going reference mixed sync waveform applied to terminal 20 dis-
ables the crystal oscillator and locks the RoC genlock oscillator to the horizontal pulses 01 the reference sync 
waveform. Vertical sync detection is achieved by an RoC integrator connected Irom terminal 20 to terminal 10 
(vertical reset to first vertical sync pulse). An internal pull-up resistor is connected to terminal 20 so that in the 
absence 01 an applied input the crystal oscillator is enabled and the RoC genlock oscillator is disabled. 

21 XR Delay, Genlock to Crystal OSCillator, Resistor and Diode Connection for Delay. Genlock to Crystal Oscil-
lator. Automatically turns on the crystal oscillator when the input to terminal 20 is removed. 

22 RC Resistor and capacitor Connection for Genlock OsCillator. II the genlock oscillator Is not used this terminal 
should be connected to Vas- C should be 100pF, and R should be a 10kn potentiometer. 

23 XIN Master Frequency InpuL 

24 R Resistor Connection lor Genlock Oscillator. 

• 32 times horizontal frequency 

Block Diagram 
CD22402 MONOCHROME TV SYNC GENERATOR WITH AUTOMATIC GENLOCK 

VRV 10 

Vss. PINS 3 AND 12 

VDD-PiN 111 

R RC C 

R-C 
GENLOCK 

OSCILLATOR 

CRYSTAL 
OSCILLATOR 

14 

HPB 

VRE 

HORIZONTAL 
COUNTER 

+1S 

FIELD 
UNE DECODER 

DECODER 

FRAME 
SYNC 

DECODER 

4 5 

HD MS MPB MBa FS2 
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CD22402 

Logic Diagram 

GENLOCK >--..... --___ --(: 
SYNC 

-U-

1M 1N814 

CRYSTAL 

32J'o~~C 
503.488kHz 

100pF..:r.. 

"=" 

• PIN 21 HIGH WHEN PIN 20 
IS HIGH (OR OPEN) 

.. PIN 1 HIGH INHIBITS CLOCK 

..n.. 

1... .......................................................... ~!~~;~: ........................................................ ~~;; .. 
FIGURE 1. DETAIL OF THE OSCILLATORIGENLOCK PORTION OF THE CD22402 

Timing Waveforms 

IMCROSECONDS -- 0 1.111 3.87 5.85 7.14 '.112 11.10 ~.7t 31.75 33.73 
504kHz --, r-1 r-1 r-1 r-1 

OSC.PIN2OR' .. •• ~ ~ ~ ,...... , 

MlXEDB~~~~ ~-- !. ! ! 

"-=:= 1-+11 III I I 
(CATHODE) i' .. ! 7.~j18 if !! i 
BLANKING iii iii 

PIN 7 I i~ 1Mj18 !! ! 
HORIZ. CLAMP i U ,! 

~~{" ~~ tr] I ,-~ 
PIN 5 EQUALIZING L.J .';! L.J 

PULSE! ! ! 
• • 25.8118 .. ; " 

¥SYNCI __ ~ 
I-3.t7j18--1 

FIGURE 2. SYNC GENERATOR TIMING· 52516OHz, HORIZONTAL TIMING WAVEFORMS 
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Timing Waveforms (Continued) 

VERTICAL RESET VERTICAL RESET 

TO FIRST 1 I- 1 I-TO FIRST EQU~~~ I VERTICAL PULSE 

UNENO- 0 2 3 4 Ii • 7 I I 10 21 

MIXED ~~=~ , --"J,r 
i i 

VERT. DRIVE i i ..... I----f--+---+--D..7ms---+--+---+--...... 1._-! ____ ~ 
PINI TI"" __ !-_-!-_-+ ______ -+-__ !-_-!-_-!I ! 

VERTICAL! ! i 
PROCE5mNG ii' 

BLANKING i i r-- I 
PIN 17" ' . , 

: i, ' i i 
MDEBLA~~~ lLr--1 .... 1--~--+---+--1~---~--+--r---r--r--_-_~.~_Pur 

I I r-- D.19ms ----, i 
SHORT VERTICAL 

DRIVE PIN 1. 

MIXED BEAM 
(CATHODE) 
BLANKING 

PIN 7 

I ,r--~-----!----!o----+------r--
:: i 
iii 

! i --~ r , L-I 

FRAMESYNC __ .... _---------------------------
PIN 1. U 

(ON ALTERNATE FIELDS) -..j !--1 ...... (NOT TO SCALE) 

FIGURE 3. SYNC GENERATOR TIMING· 525160Hz, VERTICAL TIMING WAVEFORMS 

MICROSECONDS -- 0 2 4 • • 10 12 21 32 

OSC.PlN~':: --lJl,...ILJl.... 

:;M]J-- I II 

BLAN~:~ I II il I I! 
'I i ',! ,i-,:,'2 ... ! i 

HORIZ. CLAMP , Ii-.--------------- i 
PIN 11 '1--1 ! 

{ 

~SYNC rr1 I 
i---J 2 2 ... -1 

_ED ~~ EQUALIZING U ... I ,! 
PULSE; , , ;.. _... .; i 

V. SYNC j __ ---1 I .. ' _....i_ 

!-4 ... --I 
FIGURE 4. SYNC GENERATOR TIMING· 62515OHz, HORIZONTAL TIMING WAVEFORMS 
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Timing Waveforms (Continued) 

VERTICAL RESET TO 1 
FIRST EOUAUZING 

PULSE 

VERTICAL RESET 

I-TO FIRST 
VERTICAL PULSE 

UNENO- 0 45. 7 • II 10 21 
MIXED SYNC 

PINS 

VERT. DRIVE 
PIN II 

VERTICAL 
PROCESSING 

BLANKING 
PIN 17 

WIDE BLANKING 
PIN 13 

SHORT VERTICAL 
DRIVE PIN 16 

CATHODE 
BLANKING 

PIN 7 

--r 
! i ! ! : : i ,; ...... o---+--+----+--O.57ma---+---+--+----; .. ..;; ; 
i J' rl', --+----~i:' 
i ~:--~-~-~-------+--~-~---~-
i i l ! 
l~ -I ! 

i ! ; 
1 ! ...... 0---t--+---+--- 1•36m• !! 

ir1~~~~----+-+-+-~~-:~ i 

; I ~o.1841M---J I 
~I~--+I----+---~--~, Ir'--~----+----+----~----r---

! i! i 
!!! 1 ;;: --V 

~AME~~~i Ur --------------------------------------------------------
(ON ALTERNATE FIELDS) --.j I-- 2J1l1 (NOT TO SCALE) 

FIGURE 5. SYNC GENERATOR TIMING - 625150Hz, VERTICAL TIMING WAVEFORMS 

FIELD NO. 1 UN~ I~ UNE II 1 ~ ~ FIRST EOUAUZING PULSE 

~ .. mm .. ----__ .. •u .. -PINS 

--.i 1 __ 1 CLK --I 1-- 2 ClKS 

·"l",,_' i-1------illl!-------... 1 
--I j-- 2ClKS --I 

; 
: 
; 

! 
i 

1-- 2CLKS 

FIELD NO. 2 

PINS 

UNE 262-112 (312-1f.!) UNE 271 (321) U m __ mm .. mm. ___ • _____ ..... ~rl-----------------

--.i 1_ 1 CLK -:.: 1-- 1 ClK 

~NlIl,---,-1 -il------~I ~r 
:--:-- fa --I 1-- 2CLKS 1-14ClKS -I 

SEE NOTES 1, 2 

FIGURE 6. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(VERTICAL DRIVE· PIN 9) 
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Timing Waveforms (Continued) 

FIELD NO. 1 

FIELD NO. 2 

PINS 

U.N!.!l I~_ UNE 21 I 
~ ~ FIRST EQUALIZING PULSE 1I ........................... ~ ..... . 

PIN 17l1, •. ' 1-- 1 CLK --I i 1- """ 

~·~·~--------------~l~a------------------~ i -I j-- 2ClKS --I i-- 2CLKS 

-I 1-- UNE 262·112 (312·112) LINE 283 (333) I 
PINS ---ill m ..... mm.m ••• m ••• ~ ...... 

-i 1 __ 1 ClK . --i,.. 1-- 2 ClKS 

"""ll ! 
• lJ 

-I :-- 2ClKS 14ClKS 

SEE NOTES " 2 

FIGURE 7. EXPANDED VERTICAL·TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(VERTICAL PROCESSING BLANKING· PIN 17) 

FIELD NO.1 UNED 

--I 1-- FIRST EQUAUZING PULSE 
PINS ~.................................. l.J 

--i.~1~ ~ ~2C~ 
--I i-- 1 ClK 

PIN13l 1 n' 
L·~!----------------~l~~a------------------~· . 

FIELD NO. 2 --I i-- 2CLKS 1 ClK -11:::::-6CLKS-J 

LINE 262·112 (312·112) UNE 283 (333) 

~ ........ mm ... mm.m ..... ~ PINS 

I 
-I 

-:1--1~ ~ ... 1 __ 2~ 

·-l I I r 
~.~!~----------------~N~--------------------+l----------------~ --I :-- 2CLKS i--- 14ClKS ----I 

SEE NOTES " 2 

FIGURE 8. EXPANDED VERTICAL·TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(MIXED PROCESSING BLANKING· PIN 13) 
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Timing Waveforms (Continued) 

NOTES: 

FIELD NO. 1 UNE 3 UNE. 

"'----i nr-
~"""""""""", ...................... " .... ~~-- 1 CLK 

---l i-- 2 CLKS --i i-- 2 CLKS 

""ll 
FIELD NO. 2' II 

UNE 265-112 (315-112) UNE 218-112 (318-112) 

I I 

.. 'L-----_--------§---· 
"""l 1.:, I' i - I i U I 

---l !-- 2 CLKS --I 1-- 2 CLKS 
! , 

SEE NOTES " 2 

FIGURE 9. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(SHORT VERTICAL DRIVE - PIN 16) 

UNE 2 UNE3 UNEI UNE 7 
I I I I 

PINS 1 r"lI"-' JlJ .... lJ .... 1f 
u 15 L ... , .... " ......... " ... "." ... "" 

~, fY~ N rLs----L 
--I ~ I- --I 1- 2 CLKS 2 CLKS --I 1--1 4 CLKS 

UNE 285 (315) UNE 265-112 (315-112) UNE 218-112 (318-112) UNE 261 (311) 

I I I I 
PIN 5 JU""l r"" lJ L"",mmmm,.. U 

1CLK.....-i 1-,5CLKS-i ' : : 

PlN71J 11....j1---It~~~ ______ n--tr-
I---l 4 CLKS ---l i-- 2 CLKS 2 CLKS -t ~ 

! : ,.CLKS 
SEE NOTES 1,2 

FIGURE 10. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(MIXED BEAM BLANKING - PIN 7) 

1. Waveforms shown are for 525 line/60Hz, line number In parenthesis are for (625 Ilnel50Hz). 

2. Timing widths by clock count; for 525 line, 1 elK = 1.98jJs; for 625 line, 1 eLK = 2J1S; 1 horizontal period = 32 elKS. 
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Typical Applications (Refer to Application Note, AN-8742, for more information) 

FROM POWER UNE 
FORUNE-LOCK 

OPERATION 

Vpt'-
0.5T02Vp..p

VIDEO SIGNAL IN 

V- V+ 

15 
17 
18 

HORIZONTAL DRIVE 
HORIZONTAL CLAMP 
MIXED BEAM (CATHODE) BLANKING 
MIXED PROCESSING BLANKING 
HORIZONTAL PROCESSING BLANKING 

VERTICAL DRIVE 

SHORT VERTICAL DRIVE 

MIXED SYNC 

FRAME SYNC OUTPUT (ODD FIELD) 
VERTICAL PROCESSING BLANKING OUTPUT 
OPERATION SWITCH FOR 525-UNE OR 
625-UNE RASTER 

FIGURE 11. TYPICAL APPUCATION IN A TV CAMERA 

1NII14 
2Mn 

NEG. HORIl. SYNC OUT 
(TO PIN 20 - CD22402) 

JLJL 
pos. HORIl. SYNC OUT 

-".,,-
Vee·+5o-~r--i--~~--~~~--------------~-------------i NEG. VERTICAL SYNC OUT 

(TO PIN 1 0 - CD22402) 
10jil' 2kn 10jil' 

CA5470 BIMOS-E QUAD OP AMP 
GND --..-....... ----+--+ PIN 4 TO +5V (V+) 

PIN 11 TO GND (V-) 

THE GENLOCK INPUT TO PINS 10 AND 20 OF THE CD22402 ARE DIRECT 
COUPLED TO THE OUTPUT FROM PINS 8 AND 14 OF THE CA5470. REFER 
TO APPUCATION NOTE AN-8742 FOR ADDITIONAL INFORMATION. 

FIGURE 12.. SUGGESTED SYNC-SEPARATOR CIRCUIT USING THE CA5470 BIMOS-E QUAD OP AMP IN THE Vee RANGE OF 4V TO 12V 
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Features 
• High Speed Voltage Output •••••••••••••••• 300VlJ,lS 

• Low Multiplication error ••••••••••••••••••••• 1.6% 

• Input Bias Currents •••••••••••••••••••••••• 1.2J.1A 

• Signal Input Feedthrough ••••••••••••••••••• -52dB 

• Wide Signal Bandwidth •••••••••••••••••••• 30MHz 

• Wide Control Bandwidth ••••••••••••••••••• 17MHz 

• Gain Ratnessto 5MHz ••••••••••••••••••••• O.10dB 

Applications 

• Mllltsry Avionics 

• Missile Guidance Systams 

• Medical Imaging Displays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 

Description 

HA-2546 
Wideband Two Quadrant 

Analog Multiplier 

The HA-2546 is a monolithic, high speed, two quadrant, 
analog multiplier constructed in the Harris Dielectrically 
Isolated High Frequency Process. The HA-2546 has a 
voltage output with a 30MHz signal bandwidth, 3OOV/J.1S slew 
rate and a 17MHz control bandwidth. High bandwidth and 
slew rate make this part an ideal component for use in video 
systems. The suitability for precision video applications is 
demonstrated further by the 0.1dB gain flatness to 5MHz, 
1.6% multiplication error, -52dB feedthrough and differential 
inputs with 1.2J.1A bias currents. The HA-2546 also has low 
differential gain (0.1%) and phase (0.1°) errors. 

The HA-2546 is well suited for AGe circuits as well as mixer 
applications for sonar, radar, and medical imaging equip
ment. The voltage output simplifies many designs by elimi
nating the current to voltage conversion stage required for 
current output multipliers. For MIL-STD-883 compliant prod
uct, consult the HA-25461883 datasheet. 

Ordering Information 
TEMPERATURE 

PART NUMBER RANGE PACKAGE 

HA1-2546-5 O"C 10 +75°C 16 Lead Ceramic DIP 

HA1-2546-9 -4Q°C to +85OC 16 Lead Ceramic DIP 

HA3-2546-5 O"C 10 +75OC 16 Lead Plastic DIP 

HA9P2546-5 O"C to +65°C 16 Lead Wide Body SOIC 

Pinout Simplified Schematic 
HA-2546 (pDlP, CDIP, 300mll SOIC) 

lOP VIEW 

VYlOA YYIO B 

CAUTION: These devices are sensHIve 10 electrostatic discharge. Users should follow proper I.C. Handling Procedurse. 
Copyrlghl @ Harris Corporation 1993 

7-76 

y+ 

y-

File Number 2861.1 



Specifications HA-2546 

Absolute Maximum Ratings 
Voltage Between V+ and V- ..••...•••.•.••..••......... 35V 
Differential Input Voltage .....•.••...•....•....•......... 6V 
Output Current .....••.•.........••.•..•...•..•........ ±60mA 
Junction Temperature ...•.•..••....•....•.•..•..... + 17SoC 
Junction Temperature (Plastic Packages) .....•...••.... +150oC 
Lead Temperature (Soldering 10 Sec.) ................. +3oooC 

Operating Conditions 
Operating Temperature Range 

HA 1-2546-9 .....••..•.•...•........... -4O"C S; TA S; +8SoC 
HA3-2546-S .•..•....••.•.•.•.....•••.•. O"C S; TA S; +7SoC 
HA9P2546-S ....•...••...........•.•.•. O"C S; TA S; +6SoC 

Storage Temperature Range .....•......... _65°C S; T A S; + 15O"C 
Thermal Resistance 9JA 9JC 

Ceramic DIP Package............. 71°C/W 130C/W 
Plastic DIP Package . • . • . • • • . • • . • • 86°C/W 2SoC/W 
Wide Body SOIC Package. . . . . . . . .. 96°C/W 26OC/W 

Maximum Package Power Dissipation 
Ceramic DIP Package at 85°C . . . . . . . . . • . . . . • . . . . .. 1.27 W 
Plastic DIP Package at 7SOC •••...••...•..........• 0.87 W 
Wide Body SOIC Package at 6SOC .......•....•..... 0.88 W 

CAUTION: StrBSSes above those listed in "Absolute Maximum Ratings" may cause permanent damage to the davies. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections 01 this specification is not impHed. 

Electrical Specifications V+ = 1SV, V- = -1SV, RL = 1ko, cL = SOpF, Unless Otherwise Specified 

ALL GRADES 

PARAMETER TEMP MIN TYP MAX UNITS 

MULTIPLIER PERFORMANCE 

Multiplication Error (Note 2) +2SoC - 1.6 3 % 

Full - 3.0 7 % 

Multiplication Error Drift Full - 0.003 - %FC 

Differential Gain (Note 3, 11) +2SOC - 0.1 0.2 % 

Differential Phase (Note 3, 11) +2SoC - 0.1 0.3 Deg. 

Gain Flatness (Note 6, 11) 

DCtoSMHz +2SoC - 0.1 0.2 dB 

SMHzto8 MHz +2SoC - 0.18 0.3 dB 

Scale Factor Error Full - 0.7 S.O % 

1 % Amplitude Bandwidth Error +2SoC - 6 - MHz 

1% Vector Bandwidth Error +2SOC - 260 - kHz 

THO + N (Note 4) +2SOC - 0.03 - % 

Voltage Noise (Note 16) 

10= 10Hz +2SoC - 400 - nVNHi. 

10= 100Hz +2SOC - 150 - nVNHi. 

10 = 1kHz +2SOC - 7S - nVNHi. 

Common Mode Range +2SOC - ±9 - V 

SIGNAL INPUT, Vy 

Input Offset Voltage +2SoC - 3 10 mV 

Full - 8 20 mV 

Average Offset Voltage Drift Full - 4S - JlVt>C 
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Specifications HA-2546 

Electrical Specifications v+ .. 15V, v- = -15V, ,,= 1kO, Ct. .. 5OpF, Unless Otherwise Specllled (Continued) 

ALL GRADES 

PARAMETER TEMP MIN TYP MAX UNITS 

Input BIas Current +25"C - 7 15 pA 

Full - 10 15 pA 

Input Offset Current +25"0 - 0.7 2 pA 

Full - 1.0 3 pA 

Input Capacitance +25"C - 2.5 - pF 

Dllferentiallnput Resistance +25"C - 720 - lin 

Small Signal Bandwidth (-3dB) (Note 6) +25"C - 30 - MHz 

Full Power Bandwidth (Note 5) +25"C - 9.5 - MHz 

Feedlhrough (Note 14) +25"C - -52 - dB 

CMRR (Note 7) Full 60 78 - dB 

Vy TRANSIENT RESPONSE (Note 12) 

Slew Rate (Note 8) +25"C - 300 - VIlIS 

Rise Time (Note 9) +25"C - 11 - lIS 

Overshoot (Note 9) +25"C - 17 - % 

Propagation Delay +25"C - 25 - lIS 

SettHng Time (Note 8) 0.1 % +25OC - 200 - lIS 

CONTROL INPUT, Vx 

Input Offset Voltage +25OC - 0.3 2 mV 

Full - 3 20 mV 

Average Offset Voltage Drift Fun - 10 - IlVf'C 

Input BIas Current +25"C - 1.2 2 pA 

Full - 1.8 5 pA 

Input Offset Current +25"C - 0.3 2 pA 

Full - 0.4 3 pA 

Input Capacitance +25"C - 2.5 - pF 

Dllferenliallnput Resistance +25"C - 360 - lin 

Small Signal Bandwidth (-3dB) (Nole13) +25°C - 17 - MHz 

Feedlhrough (Note 15) +25"0 - -40 - dB 

Common Mode Rejection Ratio (Note 18) +25"0 - 80 - dB 

Vx TRANSIENT RESPONSE (Note 12) 

Slew Rate (Note 18) +25OC - 95 - V/jIS 

Rise Time (Note 19) +25"0 - 20 - lIS 

Overshoot (Note 19) +25°C - 17 - % 
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Specifications HA-2546 

Electrical Specifications V+ .. 1SV, v- = -1SV, F\ '" 1kO, CL = SOpF, Unless Otherwise Specified (Continued) 

ALL GRADES 

PARAMETER TEMP MIN TVP MAX UNITS 

Propagation Delay +2SoC - 50 - ns 

Settling Time (Note 18) 0.1 % +25"C - 200 - ns 

Vz CHARACTERISTICS 

Input Offset Voltage (Note 16) +25"C - 4 1S mV 

Full - 8 20 mV 

Open Loop Gain +2SoC - 70 - dB 

Differential Input Resistance +25"C - 900 - kO 

OUTPUT CHARACTERISTICS 

OUtput Voltage Swing (Note 17) Full - ±B.2S - V 

OUtput Current Full ±20 ±45 - rnA 

OUtput Resistance +2SoC - 1 - n 

POWER SUPPLY 

PSRR (Note 10) Full 56 83 - dB 

Supply Current Full - 23 29 rnA 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of tha circuit may be Impalred. Func
tional operation under any of these conditions Is not necessarily impRed. 

2. Error Is percent of fuD scale, 1 % = sOmV. 

3. fo = 3.58MHzl4.43MHz, Vy = 300mVp.p, 0 to 1Vdc offset, Vx = 2V. 

4. fo = 10kHz, Vy = 1VRMS, VX = 2V. 
SI_Rate 

S. Vx " 2V, Full Power Bandwidth calculated by equation: FPBW = . VpEAK = 5V 
2" VpEAK 

6. Vx=2V. 

7. Vy =01O±5V,Vx =2V. 

8. VOUT = ±SV, Vx=2V. 

9. VOUT = 0 to ±10OmV, Vx = 2V. 

10. Vs =±12Vto±1SV, Vy = SV, Vx=2V. 

11. Guaranteed by characterization and not 100% tested. 

12. See Test Circuit. 

13. Vy = SV, Vx- = -1V. 

14. fo = SMHz, Vx " 0, Vy '" 200mVRMS• 

1S. fo = 100kHz, Vy = 0, Vx+ = 200mVRMS, Vx- = -C.SV. 

16. Vx=Vy=O. 

17. Vx =2.SV, Vy =±5V. 

18. Vx=0102V,Vy=SV. 

19. Vx .. 010200mV,Vy = SV. 
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Die Characteristics 

DIE DIMENSIONS: 
154.3 x 173.2 x 19 ± 1mils 

METALLIZAnON: 
Type: AI. 1% C4,I 
Thickness: 16kA ± 2kA 

GLASSIVAnON: 
Type: Nitride (8i3N4) 9V9r 8ilox (81°2, 5% Phos) 
Silox Thickness: 12kA ~ 2kA 
Nitride Thickness: 3.5kA ± 2kA 

DIE AlTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIp· 460"C (Max) 

Metallization Mask Layout 

VYIOB 3 

VmA 4 

Vy+ 5 

VAEF GND 
2 1 

7 8 
V- VOUT 

HA·2546 

7·80 

GAA GAC 
16 15 

9 10 
Vz+ Vr 

14 GAB 

13 Vx+ 

12 Vx-
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Test Circuits 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 

IN 

OUT 

Vy LARGE SIGNAL RESPONSE 
Vertical Scale: SV/OIv. Horizontal Scale: SOnsIDlv. 

Vx LARGE SIGNAL RESPONSE 
Vertical Scale: 2VIDIv. Horizontal Scale: SOnsIDlv. 

2Y 

o 

SY 

o 

7-81 

Vy SMALL SIGNAL RESPONSE 
Vertical Scale: 100mVIDIv. Horizontal Scale: SOns/Olv. 

lOOmY 

IN 0 

·lOOmY 

100mY 

OUT 0 

·100mY 

Vx SMALL SIGNAL RESPONSE 
Vertical Scale: 200mVlDiv. Horizontal Scale: SOns/Div. 

200mY 
IN 

o 

SOOmY 

OUT 

o 



HA-2546 

Typical Performance Curves Vs = ±15V, TA = +250C, See Test Circuit For Multiplier Configuration 

RL-11(, VX-2Vdc, Vy.200mVrma ,I I 
Ct..SOpF 

I ILl. 
CL·OpF 

I 
I 

~0pF 

~ 

tti"5r\~ 

15 

10 

il 
z 

iii ~ 0 

~ -5 

o i ·10 

: i 
w 

135 i 
180 I>. 

~.11(, Vx+.2OOmV ....... Vy.5Vdc, Vr.·1Vdo_ 
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Typical Performance Curves Vs = ±15V. TA = +25°C. See Test Circuit For Multiplier Configuration (Continued) 
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Typical Performance Curves Va = ±15V, TA • +2SOC, See Test Circuit For Multiplier Configuration (Continued) 
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Typical Performance Curves Vs = t15V, TA = +2SOC, See Test Circuit For Multiplier Configuration (Continued) 
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Typical Performance Curves Vs = ±15Y, TA = +25"C, See Test Circuit For Multiplier Configuration (Continued) 
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Applications 

Theory of Operation 

The HA-2546 is a two quadrant multiplier with the following 
three differential Inputs; the signal channel, Vy+ and V..,., the 
control channel, Vx+- and Vx:, and the summed channel, Vr+
and Vr , to complete the feedback of the output amplifier. 
The differential voltages of channel X and Y are converted to 
differential currents. These currents are then multiplied in a 
circuit similar to a Gilbert Cell multiplier, producing a 
differential current product. The differential voltage of the Z 
channel is converted into a differential current which then 
sums with the products currents. The differential ·product! 
sum" currents are converted to a single-ended current and 
then converted to a voltage output by a transimpedance 
amplifier. 

The open loop transfer equation for the HA-2546 is: 

[ (Vx+ - Vx_) (VY+ - Vy.) -:1 
VOUT = A SF - (Vz+ - VZ:J 

where; 
A = Output Amplifier Open Loop Gain 

SF = Scale Factor 

Vx, Vv. Vz = Differential Inputs 

The scale factor is used to maintain the output of the 
multiplier within the normal operating range of ±5V. The 
scale factor can be defined by the user by way of an optional 
external resistor, REXT, and the Gain Adjust pins, Gain Adjust 
A (GA A), Gain Adjust B (GA B), and Gain Adjust C (GA C). 
The scale factor is determined as follows: 

SF = 2, when GA B is shorted to GA C 

SF == 1.2 REXT• when REXT is connected between 
GA A and GA C (REXT is in kn) 

SF == 1.2 (REXT + 1.667kn), when REXT is 
connected to GA Band GA C (REXT is in kQ) 
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FIGURE 27. SUPPLY CURRENT VI SUPPLY VOLTAGE 

The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the control channel, Vx. The normal Input 
operating range of Vx is equal to the scale factor voltage. 

The typical multiplier configuration is shown In Figure 28. 
The ideal transfer function for this configuration is: 

V 
{ 

(Vx+ - Vx·) (Vy+ - Vy.) 
OUT = + Vz• , when Vx ~ OV 

2 

o , when Vx < OV 

FIGURE 28 
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The Vx_ pin is usually connected to ground so that when Vx+ 
is negative there is no signal at the output, i.e. two quadrant 
operation. If the Vx input is a negative going signal the Vx+ 
pin maybe grounded and the Vx_ pin used as the control 
input. 

The Vy_ terminal is usually grounded allowing the Vy+ to 
swing ±5V. The Vz+ terminal is usually connected directly to 
Vour to complete the feedback loop of the output amplifier 
while Vz_ is grounded. The scale factor Is normally set to 2 
by connecting GA B to GA C. Therefore the transfer equation 
simplifies to VOUT = (Vx Vy) /2. 

Offset Adjustment 

The signal channel offset voltage may be nulled by using a 
20kO potentiometer between VylO Adjust pins A and Band 
connecting the wiper to V-. Reducing the signal channel 
offset will reduce Vx AC feedthrough. Output offset voltage 
can also be nulled by connecting Vz_ to the wiper of a 20kO 
potentiometer which is tied between V+ and V-. 

CapacHlve Drive Capability 

When driving capacitive loads > 20pF. a 500 resistor is 
recommended between VOUT and Vz+, using Vz+ as the 
output (See Figure 28). This will prevent the multiplier from 
going unstable. 

Power Supply Decoupllng 

Power supply decoupling is essential for high frequency 
circuits. A O.Olj.1F high quality ceramic capacitor at each 
supply pin in parallel with a 1j.1F tantalum capacitor will 
provide excellent decoupling. Chip capacitors produce the 
best results due to the close spacing with which they may be 
placed to the supply pins minimizing lead inductance. 

Adjusting Scale Factor 

The HA-2546 two quadrant multiplier may be configured for 
many uses. Following are examples of a few typical 
applications. 

Adjusting the scale factor will tailor the control signal, Vx, 
input voltage range to match your needs. Referring to the 
simplified schematic on the front page and looking for the Vx 
input stage, you will notice the unusual design. The internal 
reference sets up a 1.2mA current sink for the Vx differential 
pair. The control signal applied to this input will be forced 
across the scale factor setting resistor and set the current 
flowing in the Vx+ side of the differential pair. When the 
current through this resistor reaches 1.2mA. all the current 
available is flowing in the one side and full scale has been 
reached. Normally the 1.67kO internal resistor sets the scale 
factor to 2 volts when the Gain Adjust pins Band Care 
connected together, but you may set this resistor to any 
convenient value using pins 16 (GA A) and 15 (GA C). 

MULTIPUER, VOUT. VXVy 12 

SCALE FACTOR. 2V 

MULTIPUER, VOUT. VXVy 15 

SCALE FACTOR. 5V 

FIGURE 29 

Example Application Circuits 

VOUT 

In Figure 30 the HA-2546 is configured in a true Automatic 
Gain Control or AGC application. The HA-5127, low noise op 
amp, provides the gain control level to the X input. This level 
will set the peak output voltage of the multiplier to match the 
reference level. The feedback network around the HA-5127 
provides stability and a response time adjustment for the 
gain control circuit. 

This multiplier has the advantage over other N3C Circuits, in 
that the Signal bandwidth is not affected by the control signal 
gain adjustment. 
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FIGURE 30. AUTOMATIC GAIN CONTROL 

A wide range of gain adjustment is available with the Voltage 
Controlled Amplifier configuration Shown in Figure 31. Here 
the gain' Of the HFAOO02 Is swept from 20VN at a control 
voltage of O.902V to a gain of almost 1 OOOVN with a control 
voltage of O.03V. 

The Video Fader circuit provides a unique function. Here Ch B 
is applied to the minus Z input In addition to the minus Y input. 
In this wa~ the function in Figure 32 is generated. VMIX will 
control the percentage of Ch A and Ch B that are mixed 
together to produce a resulting video image or other signal. 

Many other applications are possible including division, 
squaring, square-root, percentage calculations, etc. Please 
reter to tl1e HA·2556 four quadrant multiplier for additional 
applications. . 
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HA-2547 
March 1993 Wideband Two Quadrant Analog Multiplier 

Features 

• Low Multiplication Error ••••••••••••••••••••• 1.6% 

• Input Bias Currents •••••••••••••••••••••••• 1.211A 

• Signal Input Feedthrough at 5MHz •••••••••••• -50dB 

• Wide Signal Bandwidth ••••••••••••••••••• 100MHz 

• Wide Control Bandwidth ••••••••••••••••••• 22MHz 

Applications 
• Military Avionics 

• MIssile Guidance Systems 

• Medlcellrnaglng Displays 

• Video Mlxe,. 

• Sonar AGe Processore 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE 

HA1·2547-5 O"C to +75OC 

HA1·2547-9 -4O"C to +65OC 

Pinout 
HA-2547 (CDIP) 

lOP VIEW 

PACKAGE 

16 Lead Ceramic DIP 

16 Lead Ceramic DIP 

Schematic 

Description 
The HA-2547 is a monolithiC, high speed, two quadrant, ana
log multiplier constructed in Harris' Dielectrlcally Isolated 
High Frequency Process. The high frequency performance 
of the HA-2547 rivals the bast analog multipliers currently 
available including hybridS. 

The single-ended current output of the HA-2547 has a 
100MHz signal bandwidth (RL = son) and a 22MHz control 
Input bandwidth. High bandwidth and low distortion make this 
part an ideal component in video systems. The suitability for 
precision video applications is demonstrated further by low 
multiplication error (1.6%), low feedthrough (-SOd8), and dif
ferential inputs with low bias currents (1.2~). The HA-2547 is 
also well suited for mixer circuits as well as N3C applications 
for sonar, radar, and medical imaging equipment. 

The current output of the HA-2547 allows it to achieve higher 
bandwidths than voltage output multipliers. An internal feed
back resistor is provided to give an accurate current-ta-volt
age conversion and is trimmed to give a full scale output 
voltage of ±fIV. The HA-2547 is not limited to multiplication 
applications only; frequency doubling and power detection 
are also possible. 

CAUTION: These dwices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2862.1 
Copyright @Harris Corporation 1993 
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Specifications HA-2547 

Absolute Maximum Ratings (Note 1) 

Voltage Between v+ and V- Terminals ..•••.•.•.•..•..••.• 35V 
Differential Input Voltage ••••••••••.••••••••••••••••••••• 6V 
Output Current •••••••••••••••••••••••••••••••••••••• 3mA 
Junction Temperature. • • • • • • • • • • • • • . • • • • • • • • • • • • • • • + 175°C 
Lead Temperature (Soldering 10 Sec.) ....•...•••..•. " +3OQOC 

Operating Conditions 
Operating Temperature Range 

HA-2547-9 •.•••.•.•.••••••.••••••••••• -4O"C:s; TA:S; +85°C 
HA-2547-5 ••••..••••••••••.••••••.••••• OOC:S; TA :s; +7SOC 

Storage Temperature Range ••••••••••••••• -6500 :s; TA:S; +1 SOOC 

CAUTIO/II: ~ ....... Ihoee listed in 'l4bsalulo Mwdmum Ratings" may cause permanent damage to the device. Thill. a .w. only ,./ing and opeI8tion 
of the dtwIca .t IIHIH or My other CtJnditkJns ....... Ihoee IndIcatad In the ~,.titJnal sectitJna of th. &pIItJiIication • not Implied. 

Electrical SpeCifications V+ = +15V, V- = -15V, Rz (Pin 10) Grounded, Unless OtherwIse Specified. Pin 14 connected to pin 15 for 
scale factor = 2. 

I ALL GRADES 

PARAMETER TEMP I MIN I TVP MAX UNrrs 

MULTIPUER PERFORMANCE 

Multiplication Error (Note 2) +2500 - 1.6 3 %FS 

Full - 3.0 7 %FS 

Multiplication Error Drift Full - 0.003 - %I"C 

Scale Factor Error Full - 0.7 5 % 

THD+N (Note 3) +25OC - 0.03 - % 

OUtput OIIset Voltage (Note 4) +25"C - 6 15 mV 

Full - 14 20 mV 

Average Offset Voltege Drift Full - - - 11V100 

SIGNAL INPUT, Vy 

Input Offset Voltage +25OC - 4 10 mV 

Full - 8 20 mV 

Average Offset Voltage Drift Full - 35 - I1Vf'C 
Input Bias Current +25°C - 7 15 jI.A 

Full - 10 15 jI.A 

Input Offset Current +25OC - 0.7 2 jI.A 

Full - 1.0 3 jI.A 

Input Differential Resistance +2500 - 720 - kn 

Input Capacitance +25OC - 2.5 - pF 

Small Signal Bandwidth (-3dB) (Notes 5,10) +2500 - 100 - MHz 

Feedthrough (Note 13) +2500 - -50 - dB 

Differential Input Range +25°C ±5 - - V 

Common Mode Range +25°C - ±9 - V 

CMRR (Note 6) Full 60 78 - dB 

Vy TRANSIENT RESPONSE 

Rise Time (Note 15) +25OC - 5 I - I ns 
Propagation Delay +25°C - 3 I - I ns 
CONTROL INPUT, Vx 

Input Offset Voitege +250C - 1 2 mV 

Full - 2 20 mV 

Average Offset Voltage Drift Full - 12 - I1Vf'C 
Input Bias Current +25°C - 1.2 2 jI.A 

Full - 1.8 5 jI.A 

Input Offset Current +25OC - 0.3 2 jI.A 

Full - 0.4 3 jI.A 

Input Capacitance +25OC - 2.5 - pF 
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Specifications HA-2547 

Electrical Specfficatlons V+ = +15V, V- = -15V, Rz (Pin 10) Grounded, Unless Otherwise Specified. Pin 14 connected to pin 15 for 
scale factor = 2. (Continued) 

ALL GRADES 

PARAMETER TEMP MIN TYP MAX UNITS 

Input Differential Resistance +25OC - 360 - kO 

Small Signal Bandwidth (-3dB) (Notes 5,10) +25°C - 22 - MHz 

Feedthrough (Note 14) +25°C - -40 - dB 

Input Range (Nota 12) Full +2 - - V 

Common Mode Range +25°C - ±9 - V 

CMRR (Note 7) +25°C - 75 - dB 

Vx TRANSIENT RESPONSE 

Rise Time (Note 16) +25°C - 15 - ns 

Propagation Delay +25°C - I 25 - ns 

OUTPUT CHARACTERISTICS 

Full Scale Output Voltage (Note 8) Full - ±625 - V 

Full Scale Output Current (Note 11) +25OC - 2 - mA 

Output Capacitance +25°C - 6.5 - pF 

Output Resistance +25OC - 4 - MO 

POWER SUPPLY 

PSRR (Note 9) Full 58 63 - I dB 

Icc Full - 20 29 mA 

NOTES: 

1. Absolute maximum ratings are Nmltlng values, applied individually, beyond which the serviceablUty of the circuit may be Impaired. Func-
tional operation under any of these conditions Is not necessarily implied. 

2. Error Is percent of full scale, 1 % = 5OmV. 

3. f = 10kHz, Vy = 1VRMS, Vx = 2V. 

4. Vx=OV, Vy=OV. 

5. Rl =500. 

6. Vy = 0 to±5V, Vx = 2V. 

7. Vx = 0 t02V, Vy = 5V. 

8. Vy = ±5, Vx = 2.5V. 

9. Vs =±12Vto±15V, Vy =5V, Vx=2V. 

10. Guaranteed by sample test and not 100% tested. 

11. Output current tolerance Is ±20%. 

12. Scale Factor = 2. See Applications Information. 

13. f = 5MHz, Vx = 0, Vy = 200mVRMS• Relative to full scale output. 

14. f = 5MHz, Vy = 0, Vx+ = 200mVRMS, Vx- = -o.5V. Relative to full scale output. 

15. Vy =±5V, Vx =2V, Rl = 500. 

16. Vx=Ot02V,V:r=5V,~=500. 

Die Characteristics 

Transistor Count ..••....••.........•......•..... 75 
Die Dimensions. . . . • • • • • • • • . • • .. 79.9 x 119.7 x 19 mils 

Thermal Constants (OCIW) 
HA1-2547 ..•••........••.•.••• 

6JA 
71 

(2030 x 3040 x 480JUTl) 
Substrate Potential· .•......•............•.•...... v
Process •••••.....•......•. High Frequency, Bipolar, 01 
Passivation ••...••...•........•.•••••...•... Nitride 

• The substrate maybe left floating (Insulating Die Mount) or it may 
be on a conductor at V- potential. 
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Test Circuits 

FIGURE 1. AC AND TRANSIENT RESPONSE TEST CIRCUIT 
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HA-2547 

Typical Performance Curves Vs = ±15V, T" = +25"C (Continued) 
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HA-2547 

Typical Performance Curves Vs = ±15V, TA = +25"C (Continued) 
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HA-2547 

Typical Performance Curves Vs = ±15V, TA = +25°C (Continued) 
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Applications Information 
Theory of Operation 

The HA-2547 is a current output, two quadrant multiplier with 
one differential signal channel, Vy+ and VV', and one differ
ential control channel, Vx+ and Vx-. Figure 20 shows a 
detailed functional block diagram of the HA-2547. The differ
ential voltages of channels Vx and Vy are converted to differ
ential currents. These differential currents are then multiplied 
in a circuit similar to a Gilbert Cell multiplier, producing a dif
ferential current product. The differential product currents 
are then converted to a single-ended output current which is 
typically 2mA, ±20% at full scale f'/x = 2V, Vy = ±5V). A 
trimmed internal scaling resistor, Rz, is designed to convert 
the output current to an accurate voltage by grounding Rz 
(pin 10). Rz is trimmed such that at full scale output current 
the voltage drop across Rz will be ±5.0V. 
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HA-2547 

The transfer equation for the HA-2547 is: 

VOUT (Vx+ -VxJ (Vy+ -VyJ 
lOUT = ~z = . where 

SF- RZ 

SF = Scale Factor 

Rz = 2.5kV (Internal) 

Vx• Vy = Differential Inputs 

The scale factor is used to maintain the output of the multi
plier within the normal operating range of ±5V. The scale fac
tor can be defined by the user by way of an optional external 
resistor. REXT• and the Gain Adjust pins: Gain Adjust A (GA 
A). Gain Adjust B (GA B). and Gain Adjust C (GA C). The 
scale factor is det.ermined as follows: 

SF = 2. when GA B is shorted to GA C 

SF - (1.2)(REXT). when REXT is connected between GA A 
and GA C (REXT is in kn) 

SF - (1.2)(REXT + 1.667kn). when REXT is connected to 
GA Band GA C (REXT is in kn). 

The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the control channel. Vx. The normal input 
operating range of Vx is equal to the scale factor value. 

A typical multiplier configuration is shown in Figure 21. The 
ideal transfer function for this configuration is shown below. 
illustrating two quadrant operation: 

(Vx+ - VxJ (Vy+ - VyJ 
VOUT = 2 

when (Vx+ -VxJ ~ 0 

The Vx- pin is usually connected to ground so that when Vx+ 
is negative there is no signal at the output. i.e. two quadrant 
operation. If the Vx input is a negative going signal the Vx+ 
pin maybe grounded and the VX'" pin used as the Input. The 
VV' terminal is usually grounded allowing Vy+ to swing ±5V. 

RZ is normally used as a feedback resistor for an external op 
amp to provide an accurate current-la-voltage conversion. 
The scale factor is normally set to 2 by connecting GA B to 
GA C. Therefore. the transfer function becomes: 

(Vx) (Vy) 
VOUT = 2 

The multiplication error is trimmed to be minimum at full 
scale. Vx = 2V and Vy = ±5V. When Vy = ±5V. the worst case 
multiplication error occurs when Vx = O.BV (Refer to typical 
performance curves). 

FIGURE 21. 

Operation At Various Supply VoHages 

The HA-2547 will operate over a range of supply voltages. 
±BV to ±15V. Use of supply voltages below ±12V will cause 
degradation of electrical parameters. 

Offset Adjustment 

The signal channel offset voltage may be nulled by using a 
20K potentiometer between VYIO Adjust pins A and Band 
connecting the wiper to V-. Reducing the signal channel off
set voltage will reduce Vx AC feedthrough and improve the 
multiplication error. 
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PRELIMINARY 
March 1993 

Features 
• High Speed Voltage Output •••••••••••••••• 420VlJ,1S 

• Low Multiplication Error ••••••••••••••••••••• 1.5% 

• Input Bias Currents •••••••••••••••••••••••••• 8J,1A 

• 5MHz Feedthrough ••••••••••••••••••••••••• -5OdB 

• Wide X and Y Channel Bandwidth ••••••••••• 65MHz 

• Vy O.2dB Gain Aatnass •••••••••••••••••••• 8.5MHz 

Applications 

• Military Avlonlca 

• Missile Guidance Systems 

• Medical Imaging Displays 

• Video Mixere 

• Sonar AGC Processors 

• Rader Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 

HA-2556 
Wideband Four Quadrant 

Voltage Output Analog Multiplier 

Description 
The HA-2556 is a monolithic. high speed, lour quadrant, 
analog multiplier constructed in the Harris Dielectrically Iso
lated High Frequency Process. The high frequency perfor
mance of the HA-2556 rivals the best analog multipliers 
currently available including hybrids. 

The HA-2556 has a voltage output X and Y channel band
width of 65MHz, and a 420VlJ,1S slew rate. High bandwidth 
and slew rate make this part an ideal component for use in 
video systems. The suitability lor precision video applica
tions is demonstrated further by the 0.2dB gain flatness to 
8.5MHz, 1.5% multiplication error, -SOdB feedthrough and 
differential inputs with 81lA bias currents. The HA-2556 also 
has low differential gain (0.1 %) and phase (0.1Oj errors. 

The HA-2556 is well suited for AGe circuits as well as mixer 
applications lor sonar, radar, and medical imaging equip
ment. The voltage output of the HA-2556 simplifies many 
designs by eliminating the current-te-voltage conversion 
stage required lor current output multipliers. 

For MIL-STO-883 compliant product consult the HA-25561 
883 datasheet. 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

HA3-2556-9 4O"C to +85"C 16 Lead Plastic DIP 

HA9P2556-9 4O"C to +BSoC 16 Lead SOIC 

HA1-2556-9 4O"C to +8SOC 16 Lead Ceramic DIP 

Pinout Simplified Schematic 
HA-2556 

(POIP, COIP, 300mil SOIC) 
TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling ProcBdurBB. 
Copyright @ Harris Corporation 1993 
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Specifications HA-2556 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals ••••••••••••••••.••• 35V 

Operating CondItions 
Operating Temperature Range 

Differential Input Voltage ••••••••••••••••.••••••••••••••• 6V 
Output Current .•••••••••••.•••••• : •...•••.••..•••.•.•• ±60mA 

HA-2556-9 •.•..•..•..•.•••.•••.••••••• -4O"C S TA S +85°C 
Storage Temperature Range ••••••••••••••• -6500 S TA S +t 5O"C 

Junction Temperature. • • • • • • • . • • • • • • • . • • • • . . • • • . • . • + 175°C 
Junction Temperature (Plastic Packages). • • . • • • • • • • • • • . + 15O"C 
Lead Temperature (Soldering 10 Sec.) .•••••••••••••••• +3oooC 

CAUTION: Stresses abow those IIslBd In ·Absolu" Maximum Ratings' may caUSII permanent demagll to the device. This Is a stress only I8ting and optll8/1on 
of the device at these or any other conditions abowl those IndicalBd In the opel8t/onaJ sections of this spec/llca/lon is not ;""IIed. 

Electrical Specifications V+ = 15V. V- = -15V, RL = lK. CL = 20pF, Unless Otherwise Specified 

HA-2556-9 

PARAMETER TEMP MIN TYP MAX UNrrs 

MULTIPLIER PERFORMANCE 

Multiplication Error (Note 2) +25°0 - 1.5 3 % 

Full - 3.0 6 % 

Multiplication Error Drift Full - 0.003 - %l"C 

Linearity Error (VX. Vy = ±3V) +25OC - 0.02 - % 

Linearity Error (VX. Vy = ±4V) +2500 - 0.05 0.25 % 

Linearity Error (VX. Vy • ±5V) +25"C - 02 0.5 % 

Differential Gain (Note 3. 8) +25"C - 0.1 0.2 % 

Differential Phase (Note 3. 8) +25°C - 0.1 0.3 Deg. 

Vy 02dB Gain Flatness (Note 8) +25"C - 8.5 - MHz 

Vx 0.2dB Gain Flatness (Note 8) +25"C - 7.0 - MHz 

Scale Factor +25"C - 5 - V 

THO + N (Note 4) +25°C - 0.03 - % 

Voltage Noise (Note 9) 

f =10Hz +25OC - 400 - nVNHz 

f=100Hz +25"C - 150 - nVNHz 

f=lkHz +25°C - 75 - nVNHz 

SIGNAL INPUT. Vx• Vy• Vz 

Input Offset Voltage +25°C - 3 10 mV 

Full - 8 20 mV 

Average Offset Voltage Drift Full - 45 - J1VfC 

Input Bias Current +25°C - 8 15 )1A 

Full - 12 20 )1A 

Input Offset Current +25"C - 0.5 2 )1A 

Full - 1.0 3 )1A 

Differential Input Resistance +25°C - 500 -.. Mn 

5MHz Feedthrough +25°C - -50 - dB 

Differential Input Range +25"C ±5 - - V 
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HA-2556 

Electrical Specifications v+ = 15V, v- = -15V, RL = 1 K, CL = 2OpF, Unless Otherwise Specified (Continued) 

HA-2556-9 

PARAMETER TEMP MIN TYP MAX UNITS 

Common Mode Range (vxl +25°C - ±10 - V 

Common Mode Range (Vy) +25°C - +9, -10 - V 

CMRR (WHhin Common Mode Range) Full 65 78 - dB 

Vx, Vy, Vz TRANSIENT RESPONSE 

Slew Rate (Note 5) +2SOC - 420 - V/)JS 

Rise Time (Note 6) +25°C - 8 - ns 

Overshoot (Note 6) +2SOC - 17 - % 

Settling l1me (Note 5) 0.1% +2SOC - 100 - ns 

OUTPUT CHARACTERISl1CS 

Output Voltage Swing (Note 10) Full - ±S.05 - V 

Output Current Full ±20 ±45 - rnA 

Output Resistance +25OC - 1 - n 

Small Signal Bandwidth (-3dB) +25OC - 65 - MHz 

Full Power Bandwidth (-3dB) (10Vp.p) +250C - 32 - MHz 

POWER SUPPLY 

+PSRR (Note 7) Full - 65 - dB 

-PSRR (Note 7) Full - 45 - dB 

Supply Current Full - 18 22 rnA 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the servlceablllty of the circuH may be impaired. Func-
tional operation under any of these conditions Is not necessarUy ImpUed. 

2. Error Is percent of full scale, 1 % = 5OmV. 

3. f = 4.43MHz, Vy = 3OOmVp.p. 0 to 1Vdc offset, Vx = 5V. 

4. f= 1OkHz,Vy = 1VRMS, Vx = 5V. 

5. Your = 0 to ±4V. 

6. Your = 0 to ± 100rnV. 

7. Vs = ±12V to ±15V. 

8. Guaranteed by characterization and not 100% tested. 

9. Vx=Vy=O. 

10. Vx = 5.5V, Vy = ±5.5 
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HA-2556 

Functional Siock Diagram 

1IBF---< 

Vy+ 

~ VV'" Vr ~ 
~ , 
~"IIIII""IIII""I"""I""""""""'~ 

The transfer equation for the HA·2556 is: 
(Vx+ - Vx-) (Vy+ - Vy) = SF (Vz+ - Vr ). 
where SF = Scale Factor = 5V Vx• Vy, Vz = Differentlallnpuls. 

Applications Information 
Operation at Reduced Supply Voltages 

The HA-2556 will operate over a range of supply voltages. 
±5V to ±15V. Use of supply voltages below ±12V will cause 
degradation of electrical parameters. 

Offset Adjustment 

The channel offset voltage may be nulled by using a 20K 
potentiometer between the VYIO or VX10 adjust pin A and B 
and connecting the wiper to V-. Reducing the channel offset 
voltage will reduce PC feedthrough and Improve the multipli
cation error. Output offset voltage can also be nulled by con
necting Vr to the wiper of a potentiometer which is tied 
between V+ and V-. 

Capacitive Drive Capability 

When driving capacitive loads >2OpF a son resistor should 
be connected between VOUT and Vz+. using Vz+ as the out
put (see Figure 1). This will prevent the multiplier from going 
unstable due to the pole created by the load capacitor and 
reduce gain peaking at high frequencies. 
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~HARRlS 
\IIJ SEMICONDUCTOR 

March 1993 

Features 

• Low Multiplication Error ••••••••••••••••••••• 1.5% 

• Input Bias Currents •••.••.••••••••••••••••••• 8J,LA 

• Y Input Feedthrough @ SMHz •••••••••••••••• -SOdS 

• Wide X and Y Channel Bandwidth •••••.•• " 100MHz 

Applications 
• Military Avionics 

• Missile Guidance Systems 

• Medical Imaging Displays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE 
HA3-2557-9 -400C to +85°C 

HA9P2557-9 -40OC to +85OC 

HAl-2557-9 -40oC to +8SOC 

Pinout 
HA-2557 

(PDIP, CDIP, 300mil SOIC) 
TOP VIEW 

PACKAGE 

16 Lead Plastic DIP 

16 Lead Widebody SOIC 

16 Lead Ceramic DIP 

Schematic 

vlCloA 

vlCloB 

Ne 

vx+ Vx+ 

yx-

y+ 

Rz 

HA-2557 
Wideband Four Quadrant 

Current Output Analog Multiplier 

Description 
The HA-2557 is a monolithic. high speed, four quadrant, 
analog multiplier constructed in Harris' Dielectrically Isolated 
High Frequency Process. The high frequency performance 
of the HA-2557 rivals the best analo'g multipliers currently , 
available including hybrids. 

The single-ended current output of the HA-2557 has a 
100MHz signal bandwidth (RL = 500). High bandwidth and 
low distortion make this part an ideal component in ,video 
systems. The suitability. for precision video applications is . 
demonstrated further by low multiplication error (l.S%), low' 
feedthrough (-50dB), and differential inputs with low bias 
currents (B~). The HA-2S57 is also well suited for mixer 
circuits as well as AGe applications' for sonar, radar, and 
medical imaging equipment. 

The current output of the HA.2557 allows it to achieve higher 
bandwidths than voltage output multipliers. Full scale output 
current is trimmed to 1.6mA. An internal.25000 feedback 
resistor is also provided to accurately convert the current, if 
desired, to a full scale output voltage of ±4V. TheHA-2557 is 
not limited to multiplication applications only; frequency dou
bling and power detection are also possible. 

For MIL-STD-883 compliant product consult the HA-2557! ' 
BB3 datasheet. . 

CAUTION: These devices are senshlve to electrostatic discharge. Users should follow proper I.C. Handling ProcedureS. Fiie Number 2478.3 
Copyright @ Harris Corporation 1993 
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Specifications HA·2557 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals .................... 35V 

Operating Conditions 
Operating Temperature Range 

Dlfferentiallnput Voltage ............... ; ................ 6V 
Output Current •.•.•••••..••.•.•.•..•..•..•••.•.•••.• 3mA 

HA-2557-9 ••••••••••••••••.•••.••.••.. -4O"C S TA S +85"0 
Storage Temperature Range •.•••••••••..•. -65"0 S TA S + 15O"C 

Junction Temperature .............................. + 175°C 
Junction Temperature (Plastic Packages). • • • • • • • . • • . . • . + 15O"C 
Lead Temperarure (Soldering 10 Sec.) •.....•......•... +3(J()OO 

CAUTION: Stresses aboII8 those listed in "Absolute MaxImum Ratings" may cause permanent damege to Ihs davies. This is a stress only mling and opet8t1on 
of the dev/cs at these or any olhsr conditions abo ... those Indicated In Ihs opamtional sections of this specification is not impHed. 

Electrical Specifications V+ = +15V. V- = -15V. Unless OIherwise Specified 

HA-2557-9 

PARAMETER TEMP MIN TYP MAX UNITS 

MUL TIPUER PERFORMANCE 

Multiplication Error (Note 2) +25°C - 1.5 3 %FS 

Full - 3.0 6 %FS 

Multiplication Error Drift Full - 0.003 - %I"C 

Ul\earity (Vx. Vy = ±4V) +25°0 - 0.1 0.25 % 

Scale Factor +2S00 - 10 - kV-C 

THD+N (Note 3) +250C - . 0.03 - % 

Output Offset Current +25OC - 2.4 6 jiA 

Full - 5.6 8 jiA 

Vx.Vy 

Input Offset Voltage +25°C - 4 15 mV 

Full - 8 20 mV 

Average Offset Voltage Drift Full - 35 - pVI"C 

Input Bias Current +2SOC - 8 15 jiA 

Full - 12 25 jiA 

Input Offset Current +25°C - 0.5 2 jiA 

Full - 1.0 3 jiA 

Differential Input Resistance +25°C - 720 - kC 

Small Signal Bandwidth (-3<IB) (Note 5) +25°C - 100 - MHz 

Y Input Feedthrough (Note 8) +25°C ,- -50 - dB 

Differential Input Range +25°0 ±4 - - V 

Common Mode Range +25°C - ±9 - V 

CMRR (Note 6) Full 65 78 - dB 

Vx• Vy TRANSIENT RESPONSE (Note 5) 

Rise Time +25°C - 5 - ns 

Propagation Delay +2500 - 3 - ns 

OUTPUT CHARACTERISTICS 

Full Scale Output Compliance Voltage Full - 4 - V 

Full Scale Output Current +25"0 - 1.6 - rnA 

Internal Resistor (Rz) +25°C - 2500 - 0 

Output Resistance (±10V) +2SOC 1.0 1.5 - MO 
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Specifications HA·2557 

Electrical Specifications v+ = +lSV, v- = -lSV, Unless Otherwise Specified (Continued) 

HA-2557-9 

PARAMETER TEMP MIN TYP MAX UNITS 

Output Capacitance +2SoC - 6.S - pF 

POWER SUPPLY 

+PSRR (Note 7) Full 65 80 - dB 

-PSRR (Note 7) (-) Full 45 55 - dB 

Icc Full - 13 17 rnA 

NOTES: 

1. Absolute maximum ratings are limiting values, applied indMdually, beyond which the servlcabllity 01 the circuit may be impaired. Functional 
operation under any of these conditions Is not necessarily Implied. 

2. Error is percent 01 lull scale, 1 % = 1611A. 

3. 1 = 10kHz, Vy = lVRMS, Vx = 4V. 

4. Vx=OV, Vy=OV. 

5. RL =500. 

6. VCM = 0 to ±9V. 

7. Vs = ±12V to ±17V. 

8. I = SMHz. Relative to full scale output. 

Test Circuits 

FIGURE 1. AC AND TRANSIENT RESPONSE TEST CIRCUIT 

Applications Information 

Operation at Reduced Supply Voltages 

The HA-2557 will operate over a range of supply voltages, 
±5V to ±15V. Use of supply voltages below ±12V will cause 
degradation of electrical parameters. 

Vy TRANSIENT RESPONSE 
Vertical Scale: Top SV/Oiv. Bottom: 100mVlDiv. 

Horizontal Scale: 20ns/Div. 

Offset Adjustment 

The chamel offsel voltage may be nulled by using a 20K poten
tiometer between the VyO or Vxo adjust pin A and B and con
necting the wiper to V-. Reducing the channel offset voltage will 
reduce JlC feedthrough and improve the multiplication error. 
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PRELIMINARY 
March 1993 

Features 
• Single Supply Operation. 32kHz ••••••• 2.0V to 7.0V 

• Operating Frequency Range. • • • • • •• 10kHz to 10MHz 

• Supply Current at 32kHz •••••••••••••••••••••• 5~ 

• Supply Current at 1MHz •••••••••••••••••••• 130~ 

• Drives 2 CMOS Load. 

• Only Require. an External Crystal for Operation 

Applications 

• Battery Powered Clrculta 

• Remote Metering 

• Embedded Mlcroproceaaora 

• Palm Top/Notebook PC 

Pinout 
HA721 0 

TOP VIEW 

~ 

VDO II Pl ENABLE 

CRYSTAL Il ~ FREQ 2 

CRYSTAL [! ~ FREQ 1 

Vss G ~ OUTPUT 

FREQUENCY SELEcnoN TRUTH TABLE 

ENABLE FREQ1 FREQ2 OUTPUT RANGE 

1 1 1 10kHz - 100kHz 

1 1 0 100kHz-1MHz 

1 0 1 1MHz-SMHz 

1 0 0 SMHz-10MHz 

0 X X High-Z 

HA7210 
Low Power Crystal Oscillator 

Description 
The HA7210 is a very low power crystal-controlled oscillator 
that can be externally programmed to operate between 
10kHz and 10MHz. For normal operation it requires only the 
addition of a crystal. The part exhibits very high stability over 
a wide operating voltage and temperature range. 

The HA7210 also features a disable mode that switches the 
output to a high impedance state. This feature is useful for 
minimizing power dissipation during standby and when mUlti
ple oscillator circuits are employed. 

OrdennglnforntaUon 
PART TEMPERATURE 

NUMBER RANGE 

HA7210lP -4OOC to +85"C 

HA7210lB -4OOC to +85"C 

HA7210Y -4OOC to +85"C 

Typical Application Circuit 

PACKAGE 

8 Lead Plastic DIP 

8 LeadSOIC 

DIE 

32.7SSkHz 
CLOCK· 

32.768kHz MICROPOWER CLOCK OSCILLATOR 

CAUTION: These d""ic. ara aansiliw to electrostatic discharge. Users should follow plbpar I.e. Handling Procedur •• File Number 3389.1 
Copyright @ Harris Corporation 1993 
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HA7210 

Simplified Block Diagram 
Veo 

8 
ENABLE ... - ....... ----1 

EXTERNAL CRYSTAL 

OSCIN2 

Veo 
.. --- .. _ ........... -- -_ .. -_ .. -_ ...... ,._ .. 

S1a 

Veo 

6 
FREQ1 ... ---+--------~ 

Veo 

7 
FREQ2~-~-------~ 

ENABLE 

1 

1 

1 

1 

0 

FREQ 1 

1 

1 

0 

0 

X 

15PF~ f S1b 

FREQ2 

1 

0 

1 

0 

X 

• 
7-105 

Veo 

+--.... -OUT 

VRN 

OSCILLATOR 

4 

SWITCH OUTPUT RANGE 

S1a, b, C 10kHz - 100kHz 

S2 100kHz - lMHz 

S3 1MHz-5MHz 

84 5MHz -10MHz+ 

X High Impedance 

• 

5 



Specifications HA7210 

Absolute Maximum Ratings 
Supply Voltage ••.•.••.••..••••••••..••••.•••.•••••• 10.0V 
Voltage (any pin) .••••....•••.••••..•••• Vss.(J.3V to Voo+O.3V 
Junction Temperature (Plastic Package) •••.••••..••..• +15O"C 
ESD Rating (Note 2) .••.....•••••.•••.•..••....•..• >4000V 
Lead Temperature (Soldering 10 Sec.) ...............•. +3OO"C 

Operating Conditions 
Operating Temperature (Note 3) .•••.••••••••••• -40"C to +85°C 
Storage Temperature Range ••.••..•••••.•.••• ·6500 to + 15O"C 

CAUTION: Stresses abo ... /haslliisted In "Absolu/8 Max/mum RaUngs" may cause permanent damage to the davies. This is 8 sll8ss only raUng and operation 
of !he device at these or any o!her conditions abo ... !hosllindicated in the operational sections of this specification is not impHed. 

Electrical Specifications voo = 5V, Vss = GND, TA = +2500, Unless Otherwise Specifled. 

HA721 01 

PARAMETER MIN TYP MAX UNITS 

Voo Supply Range (I'lsc = 32kHz) 2 5 7 V 

100 Supply Current 

lose = 32kHz, Voo = 5V, EN = 0 Standby · 5.0 9.0 IIA 
lose = 32kHz, Voo= 5V, CL = lOpF (Note 1), EN = 1, Freql = 1, Freq2 = 1 · 5.2 10.2 IIA 

lose = 32kHz, Voo = 5V, CL = 40pF, EN = 1, Freql = 1, Freq2 = 1 · 10 15 IIA 

lose = 32kHz, Voo = 3V, CL = 10pF (Note 1), EN = 1, Freql = 1, Freq2 = 1 · 3.6 6.1 IIA 

lose = 32kHz, Voo = 3V, CL = 4OpF, EN = 1, Freql = 1, Freq2 = 1 · 6.5 9 IIA 
lose = lMHz, Voo = 5V, CL = 10pF (Note 1), EN = 1, Freq1 = 0, Freq2 = 1 · 130 200 IIA 
lose = lMHz, Voo = 5V, CL = 40pF, EN = 1, Freql = 0, Freq2 = 1 · 270 350 IIA 
lose = 1MHz, Voo = 3V, CL = 10pF (Note 1), EN = 1, Freq1 = 0, Freq2 = 1 · 90 160 IIA 
lose = lMHz, Voo = 3V, CL = 40pF, EN = 1, Freq1 = 0, Freq2 = 1 · 140 250 IIA 

VOH Output High Voltege (lOUT = ·1 rnA) 4.0 4.9 · V 

VOL Output Low Voltage (lOUT = 1rnA) · 0.07 0.4 V 

IOH Output High Current (VOUT ~ 4V) · ·10 ·5 rnA 

IOL OutpUI Low Current (VOUT S 0.4V) 5.0 10.0 · rnA 

liN Enable, Freql, Freq2 Input Current (VIN = Vss to Voo) · 0.4 1.0 IIA 
VIH Input High Voltege Enable, Freql, Freq2 2.0 . · V 

VIL Input Low Voltage Enable, Freql, Freq2 · . 0.8 V 

tR Output Rise Time (10% • 90%, lose = 32kHz, CL = 4OpF) · 20 40 ns 

~ Output Rise Time (10%·90%, lose = lMHz, CL = 4OpF) · 12 · ns 

iF Output Fall Time (10%·90%, lose = 32kHz, CL = 4OpF) · 25 50 ns 

'" Output Fall Time (10%·90%, lose = lMHz, CL = 4OpF) · 12 · ns 

Duty Cycle (CL = 40pF) lose = 32kHz, Packaged Part Only (Note 4) 40 50 60 % 

Frequency Stability vs. Supply Voltage (lose = 32kHz, Voo = 5V, CL=10pF) · 1 · ppmN 

Frequency Stability vs. Temperature (lose = 32kHz, Voo = 5V, CL =10pF) · 0.1 · ppmi"C 

Frequency Stability vs. Load (lose = 32kHz, Voo = 5V, CL=10pF) · om · ppm/pF 

NOTES: 
1. Calculated using the equation 100 = 100 (No Load) + (Voo) (losc)(CLJ 
2. Human body model. 
3. This product is production tested at +25°C only. 
4. Duty cycle will vary with supply voltage, oscillation Irequency, and parasitic capacitance on the crystal pins. 
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Die Characteristics 
DIE DIMENSIONS: 

68 x64 x 14± 1 mils 

METALLIZATION: 
Type: Si-AI 
Thickness: 10kA ± 1 kA 

GLASSIVATION: 
Type: Nitride (Si3N41 Over ~ilox (Si02• 3% Phos) 
Silox Thickness: 7kA ~ 1 kA 
Nitride Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Silver Epoxy - Plastic DIP and sOle 

SUBSTRATE POTENTIAL: Vss 

Metallization Mask Layout 

CRVSTAL(2) 

CRVSTAL(3) 

HA7210 

HA721 0 

(7) FREQ 2 

(6) FREQ 1 
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PRELIMINARY 
March 1993 

Features 

• High Digital Data Rate •••••••••••••••••••• 500MHz 

• Very Fast Slew Rate ••••••••••••••••••••• 2500Vll's 

• Very Fast RlsalFall nmes ••••••••••••••••••• 600ps 

• Wide Output Range •••••••••••••••••••• +7V to -2V 

• Precise 500 Output Impedance 

• High Impedance, TrI-8tate Output Control 

Applications 

• IC Tester Pin Electronics 

• Pattern Generators 

• Pulse Generators 

• Built-In Test Equipment (BITE) 

• Level Comparator/Translator 

Pinout 

NC 

NC 

VLDW 

SWitches Shown In the '1' Slate. VLOW 

HFA5250 
Ultra High-Speed Monolithic Pin Driver 

Description 

The HFA5250 is the ideal monolithic pin cIriYer solution b' hig. 
performance test systems. The device wi. switch at high data 
rates between two input wltage levels provid"rlg variable ampli
tuda pulses. The output impedance is trmmed to achieYa a pre
Cision 500 source b' impedance matching. Two differential ECL! 
TTL compatible Inputs controllhe operation of the HFA5250. one 
controlling the VHIGtI'ILON switching and the other controlNng 
the output's high-impedance slate. The HFA525O's 500MHz data 
rate makes it compatible with today's high-speed VLSI test 
systems and the +7V to -2V output swing allows testing of all 
common logic families. 

The HFA5250 is manufactured in the Harris proprietary comple
mentary bipolar process and is offered .in 28-1ead SOIC 
package. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HFA5250CB O"C to +5O"C Without Air Flow 28 LeadSOIC 

O"C to +70"C With 400 Ifpm Air 
Flow 

VCCI 

VCCI 

NC 

NC 

VCC:! 

VCC:! 

Vour 

Vour 

vEEa 

vEEa 
NC 

NC 

VEEI 

VEEI 

'4UTION: Thasa dlwlces are sensitiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2943.3 
-vrighl @ Harris Corporation 1993 7-108 



Specifications HFA5250 

Absolute Maximum Ratings 
Supply Voltage •••••••••••••••••••••••••••••••.••••• 17.0V 
Differential Input Voltage ••••••••••••••••••••••••••••••. 5.0V 
output Current Continuous •••••••••••••••••••• 160mA (Note 1) 
Operating Temperature Range ••••••••••••••••••• O"C to +70"C 
Storage Temperature Range ••••••••••••••••• -65"C to + 15O"C 
Maximum Junction Temperature •••••••••••••••••••••• + 175°C 
Maximum Junction Temperature (Plastic Package) ••••••• +15O"C 

Thermal Information 
Thermal Reslstance 9JA, Still Air 9JA. 400 Ifpm 9JC 

Plastic SOIC Package •••• 70"CNi 5:f'CNi 21 "CNi 
Maximum Package Power Dissipation 

Plastic SOIC Package with still air at 5O"C ••••••••••••• 1.43W 
Plastic SOIC Package with 400 Ifpm air at 70"C ••••••••• 1.50W 

CAUT/OIII: Stresses abo .... thosB listed In "Absolute Maximum Ratings" may cause permanent damage to ths device. This Is a stress only fRting and op8fRtIon 
of the device at thsse or any other condi6ons abol'B those indicated In ths op8fRtionBl sectJons of this specification Is not implied. 

Electrical Characteristics vee = +10V, VEE = -5.2V, Unless Otherwise Specified 

ALL GRADES 

PARAMETERS TEMP MIN TYP MAX UNrrs 

INPUT CHARACTERISTICS (VHIGH, VlOW) 

VHIGH Input Offset Voltage (VHIGH = 0) +25°C -200 -100 30 mV 

VLOW Input Offset Voltage (VLOW = 0) +25"C -200 -100 30 mV 

VHIGH Input Bias Current (VHIGH = 5V) +25"C -150 50 250 jIA 

VLOW Input Bias Current (VlOW = OV) +2S"C -350 -100 150 jIA 

VHIGH Voltage Range +25"C -2.6 - 7.5 V 

(NoteS) +25"C VEE+2·6 - Vcc-2•S V 

VLOW Voltage Range +25"C -2.7 - 7.4 V 

(NoteS) +2S"C VEE+2·S - Vcc-2•6 V 

VHIGH to VlOW Differential Voltage Range +2S"C 0.2 - 10.2 V 

Input Reslstance (VIM = -2V to 7V) +2S"C - 10 - lin 

Input Capacitance +25"C - 5 - pF 

Input Noise voltage (10Hz - lMHz) +2S"C - 20 - I1Vp.p 

lOGIC INPUT CHARACTERISTICS (Data, Data, HiZ, HIZ) 

Input Offset Voltage +2S"C - ±250 - mV 

Input Voltage Range +25"C -2.0 - 7.0 V 

(NoteS) +25"C VEE+3·2 - Vcc-3.0 V 

Input High Current (VIH = OV, VIL = -2V) +25"C -25 50 200 jIA 

Input low Current (VIH = OV, VIL = -2V) +25"C -400 -150 25 jIA 

Common Mode Input Resistance (VCM = -2V to 7V) +2S"C - 1 - Mn 

Differential Input Resistance (VOIFF = OV to 5V) +25"C - 100 - lin 

Input Capacitance +2S"C - 3 - pF 

TRANSFER CHARACTERISTICS 

VHIGWVlOW Voltage Gain (VHIGH• VlOW = OV to SV) +2S"C 0.95 0.97 1.0 VN 

VHIGWVlOW Unearity Error (VHlGH. VIDN = OV to Sv, FS = 5V) +25"C -0.5 ±0.2 0.5 % 

VHIGWVIDN Unearity Error (VHlGH. V IDN = -2V to 7v, FS = 9V) +25"C -1.2 ±0.6 1.2 % 

VHIGWVIDN -3dB Bandwidth (200mVp.p) +2S"C - 500 - MHz 

SWITCHING CHARACTERISTICS (It-CAD = 10 Inches of RG-58, VHIGH = 3V. VIDN = Ov, VDAlA = -1.8Vto -1.0V, Measured 50% to 50% pis). 

Propagation Delay (Note 2) +2S"C - 2 - ns 

Propagation Delay Jitter. 1 Sigma +25°C - 30 - ps 

Propagation Delay Match (Rising vs Falling Edge. Note 2) +2S"C - 150 - ps 
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Specifications HFA5250 

Electrical Characteristics Vcc = +10'1, VEE = -5.2V, Unless Otherwise Specified (Condnued) 

ALL GRADES 

PARAMETERS TEMP MIN TYP MAX UNrrs 

Propagation Delay YS Duty Cycle (2.5% to 97.5%, 200ns PerIod) +25"0 - ±100 - ps 

Active to HIZ Delay (Measured 50% to 10% Points) +25"0 - 3.0 - ns 

HIZ to Active Delay (Measured 50% to 10% Points) +25OC - 3.5 - ns 

Data Rate (1Vp-p, 50% Duty Cycle, 90% Amplitude) +25"0 - 500 - MHz 

TRANSIENT RESPONSE (Zt.oAo = 16 Inches of RG-58 Terminated with 5pF) 

Slew Rate (-IV to +6V) +25"0 - 2500 - VIlIS 

RlselFall Time (1 Vp•p, 20%-80%) +25"0 - 600 - ps 

RIse/Fail Time (3 Vp.p, 10%-90%) +25"0 - 1.2 - ns 

Rise/Fall Time (5 Vp•p, 10%-90%) +25"0 - 1.8 2.25 ns 

RlselFail Time Match (Note 2) +25"0 - - 200 ps 

OvershootJUndershootJPreshoot (3 V p.p) +25"0 - 5 - % 

Data Selliing Time 1% (Note 3) +25"0 - 7 - ns 

VH1GWVlOW Settling Time 1 % (Note 3) +25°C - 12 - ns 

OUTPUT CHARACTERISTICS 

Output Voltage Swing, No Load +25"0 -2 - 7 V 

(Note 5) +25"0 VEE+3·2 - Vcc-3.0 V 

OUtput Voltage Swing f\. = 500 +25"0 -1 - 3.5 V 

OUtput Resistance - Active (-2V to 7V) +25"0 49 50 51 0 

Output Resistance - HIZ (-2V to 7V) +25"0 - 10 - MO 

HiZ Output Voltage Compliance +25"0 -2 - 7 V 

(Note 5) +25"0 Vcc-12.O - VEE+122 V 

OUtput Leakage - HIZ (-2V to 7V) +25"0 -1 - 1 jiA 

Output Capacitance - HIZ +25"0 - 5 pF 

POWER SUPPLY CHARACTERISTICS 

VH1GH Power Supply Rejection Ratio (Note 4) +25"0 28 - - dB 

VLOW Power Supply Rejection Ratio (Note 4) +25°C 28 - - dB 

DatalHiZ Power Supply Rejection Ratio +25"0 - 22 - dB 

Total Supply Current +25"0 85 90 95 rnA 

ICC111EEl Supply Current +25"0 - 65 - rnA 

Icc:zIIEE2 Supply Current +25°C - 25 - rnA 

Supply Voltage .Range (Vee - VEE) +25"0 10 - 152 V 

Power Dissipation (Vcc = 10V, VEE = -52V, No Load) +25"0 - - 1.44 W 

NOTES: 

1. Internal Power Dissipation may limit Output Current below 160rnA. 

2. 3V Step, 50% duty cycle, 200ns period. 

3. 3V Step, measured from 50% of input to ±1 % of final value, final value Is at 50ns. 

4. VH1GH = 2.6V, VLOW = 2.4V, Vcc = 9V to 10V, VEE = -4.2V to -5.2V. 

5. Operation above total supply voltage of 15.2V Is not recommended. See specification under Power Supply Characteristics. 
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Die Characteristics 
DIE DIMENSIONS: 

1990J,Un x 1530J,Un x 525J,Un ± 25.4J,Un 

GLASSIVATION: 
Nitride, 4kA ± 0.5kA 

METALLIZATION: 
Type: Metal 1: AICu(2o/VfTiW 
Thickness: Metal 1: akA ± 0.4kA 

Type: Metal 2: AICu(2%) 
Thickness: Metal 2: 16kA ± o.akA 

DIE ATTACH: 
Material: Epoxy 

Metallization Mask Layout 

6A'i'i(4) 

DATA (6) 

HIZ (II) 

iiiZ (11) 

HFA5250 

HFA5250 

VHlGH 

(1)(2) 

VCC1 

(28)(27) 

(13) (14) (15) (16) 

VLOW VEE1 

7-111 

(24)} 
(23) Vcca 

(22)} 
(21) VOUT 

(20) } 
(111) VEE2 



ICLB013 
March ,1993 Four Quadrant Analog Multiplier 

Features Description 
• Accuracy of ±O.5% ("Aft Version) 

• Full ±10V Input Voltage Range 

• 1MHz Bandwidth 

• Uses Standard ±15V Supplies 

• Built-In Op Amp Provides Level Shifting, Division and 
Squara Root Functions 

The ICL8013 is a four quadrant analog multiplier whose out
put is proportional to the algebraic product of two input sig
nals. Feedback around an internal op amp provides level 
shifting and can be used to generate division and square 
root functions. A simple arrangement of potentiometers may 
be used to trim gain accuracy, offset voltage and 
feedthrough performance. The high accuracy, wide band
width, and increased versatility of the ICL8013 make it ideal 
for all multiplier applications in control and instrumentation 
systems. Applications include RMS measuring equipment, 
frequency doublers. balanced modulators and demodula
tors, function generators, and voltage controlled amplifiers. 

Ordering Information 

PART NUMBER MULTlPUCATlON ERROR TEMPERATURE RANGE 

ICL8013AM TX 

ICL8013BM TX 

ICL8013CM TX 

ICL8013AC TX 

ICL8013BC TX 

ICL8013CC TX 

Pinout 
ICL8013 

(10-100 CAN) 
TOP VIEW 

~<% } -5500 to +12500 

±1% Max -5500 to + 125°C 

±2% -5500 to + 125°C 

~~} OOC to +7000 

±1% Max 000 to +7000 

±2% ooCto +7OOC 

Functional Diagram 

VOLTAGE TO CURRENT 
CONVERTER AND 

SIGNAL COMPRESSION 

MULTIPLEXER 

CAUTION: T ...... d""ices are sensitiw 10 electrostatic discharge. Users should Iollow proper I.C. Handling Procedures. 
Copyright @ Harris Corporstion 1993 
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PACKAGE 

10 Pin TQ-100 Can 

10 Pin TQ-100 Can 

10 Pin TQ-100 Can 

10 Pin TQ-100 Can 

10 Pin TO-100 Can 

10 Pin TQ-100Can 

OUT 

File Number 2863.1 



Specifications ICL8013 

Absolute Maximum Ratings 
Supply Voltage ......................................... ±18V 
Power Dissipation (Note 1) ••••••••.••••..•••..•••••. 500mW 
Input Voltages (XIN• YIN. ~N' Xes. Yos. Zos) •.••.•••.•.• VSUPPLY 
Lead Temperature (Soldering 10 Sec.) •••.•••••.•.•.•.• +300"C 

Operating Conditions 
Operating Temperature Range 

ICL8013XC .••••.••.•.•.•......••..•.•.... O"C to +700C 
ICL8013XM ............................. -5500 to + 125°C 

Storage Temperature Range •..••...•...•...•• -65°C to + 15O"C 

CAUTION: stresses &bow those listed In "Absolute Maximum Ratings" may cause permanent damage to thB device. This Is a stress only rating and operation 
of the devica at thBse or any other conditions _ those indicated In thB operationsJ sections of this specification is not implied. 

Electrical Specifications TA= +25"C. VSUPPLY = ±15V. Gain and Offset Potentiometers Externally Trimmed. Unless Otherwise 
Specified 

TEST ICL8013A 1CL8013B ICL8013C 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

MultipHer Function XV XV XV 
10 10 10 

Multiplication Error -10<X<10 0.5 1.0 2.0 % Full Scale 
-10<Y<10 

Divider Function lOZ lOZ 10Z 
X X X 

Division Error X=-10 0.3 0.3 0.3 % Full Scale 

X=-l 1.5 1.5 1.5 % Full Scale 

Feedthrough X=O. Y=±10V 50 100 200 mV 

Y=0.X=±10V 50 100 150 mV 

Non-Linearity 

X Input X=20Vp_p ±0.5 ±D.5 ±0.8 % 
Y=±10Vdc 

Y Input Y=20Vp_p ±D.2 ±D.2 ±0.3 % 
X=±10Vdc 

Frequency Response Small 1.0 1.0 1.0 MHz 
Signal Bandwidth (-3dB) 

Full Power Bandwidth 750 750 750 kHz 

Slew Rate 45 45 45 VlJUI 
1 % AmpHtude Error 75 75 75 kHz 

1 % Vector Error (0.5" Phase Shift) 5 5 5 kHz 

Settling Time VIN =±10V 1 1 1 JUI 
(to ±2% of Final Value) 

Overfoad Recovery VIN =±10V 1 1 1 JUI 
(to ±2% of Final Value) 

Output Noise 5Hz to 10kHz 0.6 0.6 0.6 mVrms 

5Hzt05MHz 3 3 3 mVrrns 

Input Resistance 

X Input VIN=OV 10 10 10 MO 

Ylnput 6 6 6 MO 

Zinput 36 36 36 kO 

Input Bias Current 

X orY Input VIN=OV 2 5 7.5 10 IIA 
Z Input 25 25 25 IIA 

Power Supply Varfation 

MultipDcation Error 0.2 0_2 0.2 %1% 

Output Offset 50 75 100 mVN 

Scale Factor 0.1 0.1 0.1 %1% 

Quiescent Current 3.5 6.0 3.5 6.0 3.5 6.0 rnA 
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Specifications ICL8013 

Electrical Specifications TA= +25"C, VSUPPlY = t15V, Gain and Offset Potentiometars Externally "Trimmed, Unless Otherwise 
Specified (Continued) 

TEST I ICL8013A I 1CL8013B I ICL8013C 

PARAMETER CONDITIONS I MIN TYP MAX I MIN I TVP MAX I MIN I TYP 

THE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES 

Multiplication Error ·10V < Xut < i0V, 1.5 2 
·10V<Y1N <10V 

Average Temp. Coefficients 

Accuracy 0.06 0.06 

Output Offset 0.2 0.2 

Scale Factor 0.04 0.04 

Input Bias Current 

XorYlnput V1N=OV 5 

Zinput 25 

Input Voltage (X, Y, or Z) t10 

Output Voltage Swing Rl~2kn HO t10 
Cl < 1000pF 

NOTE: 1. Derate at 6.8mWf'C for operation at ambient temperature above +75"C. 

Typical Performance Curves 

o 

iii" & 
:!!. 

~ 10 
... 
~ 15 

20 

-r-... 
I II 

,\MPUTUDE 

~HASE " 
'\ 

1 

0 

.. 10 i 
w 
II: 
ell 

-20~ 
w 

-aoi ... 
-40 

\ H ~ 
1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

100 

~ 
II) 10 ... ... 
Ii! 
IL 
0 

t. 1 - X-INPUT 

~ 
!Ii w z 0.1 
::1 

~ 
-~-I~prr 

I I " 

3 

0.06 

0.2 

0.04 

5 

25 

t10 

t10 

V 

1K 10K 
FREQUENCY (Hz) 

I 
MAX I UNrrs 

% Full Scale 

%I"C 

mVf'C 

%I"C 

10 JIA 
35 JIA 
t10 V 

V 

i" 

100K 
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FIGURE 2. NONUNEARITV AS A FUNCTION OF FREQUENCY 
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ICLB013 

Detailed Description 
The fundamental element of the ICl8013 multiplier is the 
bipolar differential amplifier of Figure 4. 

FIGURE 4. DIFFERENTIAL AMPLIFIER 

The small signal differential voltage gain of this circuit is given by 
VOUT RL 

AV = ~ = rE 

Substituting rE = = 

RL qlE RL 
VOUT = VIN{~) = VIN·~ 

The output voltage is thus proportional to the product of the 
input voltage VIN and the emitter current IE' In the simple 
transconductance multiplier of Figure 5. a current source 
comprising 0 3• 0,. and Ry is used. If Vy is large compared 
with the drop across 0,. then 

Y· 

Vy 
10 "" Ry = 21E and 

qRL 
= --(Vx·Vy ) 

kTRy 

qRL 
Your" -- (Vx· Yy) 

IcTRy 

FIGURE 5. TRANSCONDUCTANCE MULTIPLIER 

There are several difficulties with this simple modulator: 

1. Vy must be positive and greater than Vo-
2. Some portion of the signal at Vx will appear at the output 

unless IE = O. 
3. Vx must be a small signal for the differential pair to be linear. 
4. The output voltage is not centered around ground. 

The first problem relates to the method of converting the Vy 
voltage to a current to vary the gain of the V x differential pair. A 
better method, Figure 6. uses another differential pair but with 
considerable emitter degeneration. In this circuit the differential 
input voltage appears across the common emitter resistor, pro
ducing a current which adds or subtracts from the quiescent 
current in either collector. This type of voltage to current con· 
verter handles signals from OV to ±1 OV with excellent linearity. 

y.. 

FIGURE 6. VOLTAGE TO CURRENT CONVERTER 

The second problem is called feedthrough; i.e. the product of 
zero and some finite Input signal does not produce zero out· 
put voltage. The circuit whose operation is illustrated by Fig· 
ures 7A. B. and C overcomes this problem and forms the 
heart of many multiplier circuits in use today. 

This circuit is basically two matched differential pairs with 
cross coupled collectors. Consider the case shown in Figure 
7A of exactly equal current sources baSing the two pairs. 
With a small positive signal at VIN. the collector current of 0, 
and ~ will increase but the collector currents of O2 and 0 3 
will decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors remains 
unchanged and independent of the VIN input voltage. 

In FlQure 7B. notice that with VIN = 0 any variation in the ratio of 
biasing current sources will produce a common mode voltage 
across the load resistors. The differential output voltage will 
remain zero. In Figure 7C we apply a differential input voltage 
with unbalanced current sources. If IE' is twice 1E2 the gain of 
differential pair 0, and O2 is twice the gain of pair 0 3 and 0 4, 

Therefore, the change in cross coupled collector currents will 
be unequal and a differential output voltage will result. By 
replacing the separate biasing current sources with the voltage 
to current converter of Figure 6 we have a balanced multiplier 
circuit capable of four quadrant operation (Figure 8). 

y.. 

FIGURE 7A. INPUT SIGNAL WITH BALANCED CURRENT 
SOURCES AVOUT = OV 
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v+ 

¥-

FIGURE 7B. NO INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES AVwr • OV 

v+ 

¥-

FIGURE 7C. INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES, DIFFERENTIAL OUTPUT VOLTAGE 

v+ 

¥-

FIGURE 8. TYPICAL FOUR QUADRANT MUL T1PUER
MODULATOR 

This circuit of Figure 8 still has the problem that the input 
voltage VIN must be small to keep the differential amplifier in 
the linear region. To be able to handle large signals, we need 
an amplitude compression circuit. 

Figure 5 showed a current source formed by relying on the 
matching characteristics of a diode and the emitter base 
junction of a transistor. Extension of this idea to a differential 
circuit is shown in Figure 9A. In a differential pair, the input 
voltage splits the basing current in a logarithmic ratio. (The 
usual assumption of linearity is useful only for small signals.) 
Since the input to the differential pair in Figure 9A is the dH
ference in voltage across the two diodes, which in turn is 
proportional to the log of the ratio of drive currents. it follows 
that the ratio of diode currents and the ratio of collector cur
rents are linearly related and independent of amplitude. If we 
combine this circuit with the voltage to current converter of 
Figure 6. we have Figure 98. The output of the differential 
amplHier is now proportional to the input voltage over a large 
dynamic range. thereby improving linearity while minimizing 
drift and noise factors. 

The complete schematic is shown in Figure 10. The differen
tial pair 0 3 and C4 form a voltage to current converter whose 
output is compressed in collector diodes 0 1 and O2 These 
diodes drive the balanced cross-coupled differential amplHier 
cq/Oa 0 1+,015• The gain of these amplifiers is modulated by 
the voltage to current converter 0 9 and 010' Transistors as. 
Os. all' and 0 12 are constant current sources which bias 
the voltage to current converter. The output amplifier com
prises transistors 0 16 through 0 27• 

Multiplication 

In the standard multiplier connection. the Z terminal is con
nected to the op amp output. All of the modulator output cur
rent thus flows through the feedback resistor R27 and 
produces a proportional output voltage. 

Multiplier Trimming Procedure 

1. Set XIN = YIN = OV and adjust Zoe for zero Output. 

2. Apply a ±10V low frequency (S100Hz) sweep (sine or trian
gle) to YIN with XIN = OV. and adjust Xes for minimum output. 

3. Apply the sweep signal of Step 2 to XIN with YIN = OV and 
adjust Yos for minimum Output. 

4. Readjust Zoe as in Step 1. H necessary. 

5. With XIN = 10.0V DC and the sweep signal of Step 2 ap
plied to YIN. adjust the Gain potentiometer for Output = 
YIN. This is easily accomplished with a differential scope 
plug-in (A+B) by inverting one signal and adjusting Gain 
control for (Output - YIN) = Zero. 
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FIGURE 9A. CURRENT GAIN CELL FIGURE 9B. VOLTAGE GAIN WITH SIGNAL COMPRESSION 

FIGURE 10. SCHEMATIC 

FIGURE 11A. MULnpUER BLOCK DIAGRAM FIGURE 11 B. ACTUAL CIRCUIT CONNECTION 
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Division 
If the Z terminal Is used as an input. and the output of the op 
amp connected to the Y input. the device functions as a 
divider. Since the input to the op amp is at virtual ground. 
and requires negligible bias current. the overall feedback 
forces the modulator output current to equal the current pro
ducedbyZ. 

ZIN 
Therefore 10 = XIN • YIN = R = 10ZIN 

10ZlN 

Since YIN = EOUT' EOUT = ~ 
Note that when connected as a divider. the X input must be a 
negative voltage to maintain overall negative feedback. 

Divider trimming Procedure 

1. Set trimming potentiometers at mid-scale by adjusting 
voltage on pins 7.9 and 10 (Xos• Yos. Zos) for zero volts. 

2. With ZIN = OV. trim los to hold the Output constant. as XIN 
is varied from -10V through -1 V. 

3. With ZIN = OV and XIN = -10.0V adjust Yos for zero Output 
voltage. 

4. With ZtN = XIN (and/or ZIN = -XIN) adjust Xes for minimum 
worst case variation of Output. as XIN is varied from -10V 
to -11/. 

5. Repeat Steps 2 and 3 if Step 4 required a large initial ad
justment. 

6. With ZIN = XIN (and/or ZIN = -XIN) adjust the gain control 
until the output is the closest average around +10.0V 
(-10V for ZIN = -XIN) as XIN is varied from -10V to -3V. 

FIGURE 12A. DIVISION BLOCK DIAGRAM 

XtN (0 TO -10VI 
6 

Z.----:3::-1 

FIGURE 12B. ACTUAL CIRCUIT CONNECTION 

Squaring 
The squaring function is achieved by simpiy multipiying with the 
two inputs tied together. The squaring circuit may also be used as 
the basis for a frequency doubler since COfilaJ. = '/2 (cos 2aJ. + 1). 

zo-----.., 

FIGURE 13A. SQUARER BLOCK DIAGRAM 

Xoa Vas Zoe 

FIGURE 13B. ACTUAL CIRCUIT CONNECTION 

Square Root 
Tying the X and Y inputs together and using overall feedback 
from the op amp results in the square root function. The out
put of the modulator is again forced to equal the current pro
duced by the Z input. 

2 
10 = XIN • YIN = (-EOUT) = 10ZIN 

EOUT = -J10ZIN 

The output is a negative voltage which maintains overall 
negative feedback. A diode in series with the op amp output 
prevents the latchup that would otherwise occur for negative 
input voltages. 

Square Root Trimming Procedure 

1. Connect the ICL8013 in the Divider configuration. 

2. Adjust los. Yos. ><os. and Gain using Steps 1 through 6 
of Divider Trimming Procedure. 

3. Convert to the Square Root configuration by connecting 
XIN to the output and Inserting a diode between Pin 4 and 
the output node. 

4. With ZIN = OV adjust los for zero output voltage. 

z 

FIGURE 14A. SQUARE ROOT BLOCK DIAGRAM 
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1N4148 OUTPUT • ...J1oz.N 

.. 

GAIN 
51( 

7.5K 

FIGURE 14B. ACTUAL CIRCUIT CONNECTION 

Variable Gain Amplifier 

Most applications for the ICL8013 are straight forward 
variations of the simple arithmetic functions described 
above. Although the circuit description frequently disguises 
the fact, it has already been shown that the frequency 
doubler is nothing more than a squaring circuit. Similarly the 
variable gain amplifier is nothing more than a multiplier, with 
the input signal applied at the X input and the controlvoitage 
applied at the Y input. 

Typical Applications 

XIN----..::..t 

Xes Yas los 

OUTPUT. X.N YIN 
10 

FIGURE 16. MULTIPUCATION 

v+ 

Xes 0--~ 20k Yas 0-- 20k los 0-- 20k 

Yo 

FIGURE 18. POTENTIOMETERS FOR TRIMMING OFFSET AND 
FEEDTHROUGH 

f\J\J INPUT 

-~ 
CONTROL 
VOLTAGE 51( 

7.51< Xos YOI :los 

FIGURE 15. VARIABLE GAIN AMPLIFIER 

Definition of Terms 

MuHiplicationIDMslon Error: This is the basic acculacy speci
fication. It includes terms due to linearity, gail, and offset errors, 
and is expressed as a percentage of the full scale output. 

Feedthrough: With either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal 
applied to the other input. The output seen in a non-ideal 
multiplier is known as the feedthrough. 

Nonlinearity: The maximum deviation from the best 
straight line constructed through the output data, expressed 
as a percentage of full scale. One input is held constant and 
the other swept through it nominal range. The nonlinearity is 
the component of the total multiplication/division error which 
cannot be trimmed out. 

Xes Yas los 

XINo:-;...;.;;.~~ 

ZtN----:-I 

OUTPUT = 10ZIN 

>-:-...... -0 ~ .. 
YIN 
~------G~~~N~~SSK 

7.SK 

FIGURE 17. DIVISION 

Xes Yas los 

1N4148 OUTPUT.-~1uz.N 

.. 
~--------G-~-N-+S5l( 

7.5K 

FIGURE 19. SQUARE ROOT 
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Features 

ICL8038 
Precision Waveform Generatorl 

Voltage Controlled Oscillator 

Description 

• Low Frequency Drift with Temperature - 250ppnVOC The ICl8038 waveform generator is a monolithic integrated 
circuit capable of producing high accuracy sine, square, tri
angular, sawtooth and pulse waveforms with a minimum of 
external components. The frequency (or repetition rate) can 
be selected e)(Jernally from 0.001 Hz to more than 300kHz 
using either resistors or capaCitors, and frequency modula· 
tion and swaeping can be accomplished with an external 
voltage. The ICL8038 is fabricated with advanced monolithic 
technology, using Schottky barrier diodes and thin film resis
tors, and the output is stable over a wide range of tempera
ture and supply variations. These devices may be interfaced 
with phase locked loop circuitry to reduce temperature drift 
to less than 25OppmjOC. 

• Simultaneous Sine, Square, and 'n'langle Wave 
Outputs 

• Low Distortion -1% (Sine Wave Output) 

• High Unaarlty - 0.1% (TrIangle Wave Output) 

• Wide Operating Frequency Range - 0.001 Hz to 300kHz 

• Variable Duty Cycle - 2% to 98% 

• High Laval Outputs - TTL to 28V 

• Easy to Use - Just a Handful of External Components 
Required 

Ordering Information 

PART NUMBER STABILITY 

ICl8038CCPD 250ppmi"C Typ. 

ICL8038CCJD 250ppmi"C Typ. 

ICL8038BCJD 180ppmi"C Typ. 

ICL8038ACJD 120ppmi"C Typ. 

ICL8038BMJD' 350ppmi"C Max. 

ICL8038AMJD' 250ppmi"C Max. 

, Add 18838 to part number if 883 processing Is required. 

TEMPERATURE RANGE 

O"C to +7O"C 

O"C to +7O"C 

O"C to +7O"C 

O"C to +70"C 

·5500 to +12500 

·5500 to +125°C 

Pinout Functional Diagram 
ICL8038 

PACKAGE 

14 Lead Plastic DIP 

14 Lead Ceramic DIP 

14 Lead Ceramic DIP 

14 Lead Ceramic DIP 

14 Lead Ceramic DIP 

14 Lead Ceramic DIP 

(PDlP, CDlP, SOIC) ~------------------------------------------------~V+ 
TOP VIEW CURRENT & 

SOURCE 
11 

SINE WAVE NC ADJUST 
SINE NC WAVE OUT 

TRIANGLE SINE WAVE 
OUT ADJUST 

DUTY CYCLE { 4 Y-ORGND 
FREQUENCY 

ADJUST & TIMING 
CAPACITOR CURRENT 
SQUARE SOURCE 
WAVE OUT 12 

FIiBlAS 7 FMSWEEP 
INPUT 

CAUTION: These d""lcas are sanaltlw to electrostatic diacherge. U .... should follow proper I.C. Handling Procadures. 

Copyright @Harris Corporation 1993 
File Number 2864.1 
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Specifications ICL8038 

Absolute Maximum Ratings 
Supply Voltage (V- to V+) •••••••••••••••••••••••••••••• 36V 
Power Dissipation (Note 1) •••••••••••••••••••••••••• 750mW 
Input Voltage (Any Pin) ••••••••••••••••••••••••••••• V- to V+ 
Input Current (Pins 4 and 5) ••••••••••••••••••••••••••• 25mA 
Output Sink Current (Pins 3 and 9) ..................... 25mA 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3OO"C 

Operating Conditions 
Operating Temperature Range 

ICL8038AM,ICL80388M ••••••••.•••••••••• -55OC to +125"C 
ICLB038AC, ICL8038BC, ICL8038CC .•••••••••• O"C to +700C 

Storage Temperature Range ••••••..•••••••••• -65OC to + 150°C 

CAUTION: Stresses above those listed in 'Absolute Maximum Ratings" may caus .. pllfmanent damage to the davictJ. This is a stress only IBting and op8IBtion 
of the device at these or any other conditions above those indicated in the opelBtional sections of this spacificalion Is not implied. 

Electrical Specifications VSUPPlY = ±10Vor +20V, TA = +25°C, Rl = 101<0, Test Circuit Unless Otherwise Specified 

ICL8038CC ICL8038BC(BM) ICL8038AC(AM) 

PARAMETERS SYMBOL TEST CONDmONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Supply Voltage Operating Range VSUPPlY 
Single Supply V+ +10 +30 +10 30 +10 30 V 

Dual Supplies V+, V- ±5 ±15 ±5 ±15 ±5 ±5 V 

Supply Current ISUPPlY VSUPPLY = ±10V (Note 2) 

8038AM 8038BM 12 15 12 15 mA 

8038AC, 8038BC, 8038CC 12 20 12 20 12 20 mA 

FREQUENCY CHARACTERISTICS (ALL WAVEFORMS) 

Max. Frequency of Oscillation fMAX 100 100 100 kHz 

Sweep Frequency of FM Input fSWEEP 10 10 10 kHz 

Sweep FM Range (Note 3) 35:1 35:1 35:1 

FM Linearity 10:1 Ralio 0.5 0.2 0.2 % 

Frequency Drift with MIlJ.T 
Temp8IBlure (Note 5) 

8038 AC. BC, CC 000 10 +700C 250 180 120 ppmPC 

803SAM.BM -550C 10 + 125°C 350 250 ppmJ"C 

Frequency Drift wRh Supply MIlJ.V Over Supply Vo.age 0.05 0.05 0.05 %IV 
Voltage Range 

OUTPUT CHARACTERISTICS 

Square Wave 

Leakage Current 10lK Vg =3OV 1 1 1 jiA 

Saluration Voltage VSAT ISlNK-2mA 0.2 0.5 0.2 0.4 0.2 0.4 V 

Rise Time IR Rl-4.71<O 180 180 180 ns 
Fall Time If Rl=4.71<0 40 40 40 ns 

Typical Duty Cycle Adjust lJ.D 2 98 2 98 2 98 % 
(Note 6) 

TrianglelSawtoothlRamp 

AmplHude VTHIANGLE ~1=100k0 0.30 0.33 0.30 0.33 0.30 0.33 xVSUPPLY 
Linearity 0.1 0.05 0.05 % 

Output Impedance ZoUT lOUT = SmA 200 200 200 n 
Sine Wave 

AmplRude VS1NE RSINE - 1001<0 0.2 0.22 0.2 0.22 0.2 0.22 xVSUPPlY 
THO THO Rs - 1 Me (Note 4) 2.0 5 1.5 3 1.0 1.5 % 

THO Adjusted THO Use FlQure 14 1.5 1.0 0.8 % 

NOTES: 

1. Derate ceramlc package at 12.5mWf'C for ambient temperatures above l00"C. 

2. RA and RB currents not included. 

3. VSUPPlY = 20V; RA and Rs = 1Okn, I", 1 OkHz nominal; can be extended 1000 to 1. See Figures 15A and 158. 

4. 82kn connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use RA and RB.) 

5. Figure 1, pins 7 and B connected, V SUPPLY = ±1 OV. See Typical Curves lor T.C. vs VSUPPlY' 

6. Not tested, typical value lor design purposes only. 
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Test Conditions 

PARAMETER Rio Ra RL C, SW, MEASURE 
Supply Current 10k0 10kn 10kn 3.3nF Closed Current ·Into Pin 6 

Sweep FM RaIlQ6 (Nota 1) 10k0 10kn 10k0 3.3nF Open Frequency at Pin 9 

Fraquency Drift with Temperature 10kn 10kn 10kn 3.3nF Closed Frequency at Pin 3 

Frequency Drift with Supply Voltage (Nota 2) 10k0 10kn 10kn 3.3nF Closed FrequenQY at Pin 9 

Output Amplitude (Nola 4) 

Sine 10kn 10k0 10k0 3.3nF Closed Pk-Pk Output at Pin 2 

Triangle 10kn 10kn 10kn 3.3nF Closed Pk-Pk Output at Pin 3 

Leakage Current (Off) (Note 3) 1OkO 10k0 3.3nF Closed Current into Pin 9 

Saturetion Voltage (On) (Nota 3) 10kn 10kn 3.3nF Closed Output (Low) at Pin 9 

Rise and Fall Times (Nota S) 10kn 10kn 4.7kn 3.3nF Closed Waveform at Pin 9 

Duty Cycle Adjust (t-jota S) 

Max SOkO -1.6kn 10kn 3.3nF Closed Waveform at Pin 9 

Min -25kn 50kn 10k0 3.3nF Closed Waveform at Pin 9 

Triangle Waveform Linaarlty 1OkO 10kn 10kn 3.3nF Closed Waveform at Pin 3 

Total Harmonic Distortion 10k0 10kn 10kn 3.3nF Closed Waveform at Pin 2 

NOTES: 
1. The hi and 10 frequencies can be obtained by connecting pin 8 to pin 7 (fHI) and then connecting pin 8 to pin 6 (fLO)' Otherwise apply 

Sweep Voltage at pin 8 (2/3 V SUPPLY +2V) :s; V SWEEP :s; V SUPPLY where V SUPPLY Is the total supply voltage. In Rgure 158, pin 8 should vary 
between S.3V and 10V with respect to ground. 

2. 10V:S; V+:s; 30V, or ±SV :S;VSUPPLy:S; ±1SV. 
3. Oscillation can be halted by forcing pin 10 to +5V or -SV. 
4. Output Amplitude Is tested under static conditions by forcing pin 10 to S.OV then to -S.OV. 
5. Not tested; for design purposes only. 

Detailed Schematic 
CURRENT SOURCES • 

~----~--~~----~------~-1~'-------+-~~~------~----+----1~--~~--4+Y 

7 

nn OJ4;t-+-...-, 
II 

.... ... 
FUP-FLOP 

3 'K 800 

~ BUFFER AMPUFIER 
11 

J. 
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SINE CONVERTER 
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Detailed Description (See Functional Diagram) 

An external capacitor C Is charged and discharged by two The sine wave is created by feeding the triangle wave into a 
current sources. Current source #2 Is switched on and off by nonlinear network (sine converter). This network provides a 
a flip-flop. while current source #1 is on continuously. decreasing shunt impedance as the potential of the triangle 
Assuming that the flip-flop is in a state such that current moves toward the two extremes. 
source #2 is off. and the capacitor is charged with a current I. 
the voltage across the capacitor rises linearly with time. 

Test Circuit When this voltage reaches the level of comparator #1 (set at 
2/3 of the supply voltage). the flip-flop is triggered. changes 
states. and releases current source #2. This current source 
normally carries a current 21. thus the capacitor is dis- +10V 

charged with a net-current I and the voltage across It drops RA Rs RL 
linearly with time. When it has reached the level of compara- 10K 10K 10K 

tor #2 (set at 1/3 of the supply voltage). the flip-flop is trig-
r--- 7 4 5 • II nn gered into its original state and the cycle starts again. 

, 6SWl 
Four waveforms are readily obtainable from this basic gener- ~ N.C. 

ator circuit. With the current sources set at I and 21 respec- ~I ICLl031 3 "Iv 
tively. the charge and discharge times are equal. Thus a lRy~ ,. 

triangle waveform is created across the capacitor and the 
flip-flop produces a square wave. Both waveforms are fed to '\IV, buffer stages and are available at pins 3 and 9. 10 11 12 2 

lR~~ 10, The levels of the current sources can. however. be selected 12K 
over a wide range with two external resistors. Therefore. with T3300PF 
the two currents set at values different from I and 21. an -10V 

asymmetrical sawtooth appears at terminal 3 and pulses 
with a duty cycle from less than 1 % to greater than 99% are FIGURE 1. 

available at terminal 9. 

Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 

1.1 

-~ 
i\ , 

10 100 1K 10K 100K 1M 

FREQUENCY (Hz) 

FIGURE 10. SINE WAVE OUTPUT VOLTAGE vs FREQUENCY 

Waveform Timing 

The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in Figure 13. Best results are obtained by 
keeping the timing resistors RA and RB separate (A). RA 
controls the rising portion of the Iriangle and sine wave and 
the 1 state of the square wave. 

The magnitude of the triangle waveform is set at 1/3 
VSuPPlY; therefore the rising portion of the triangle is. 

The falling portion of the triangle and sine wave and the 0 
state of the square wave is: 

CXV CXll3VSUPPLY RARBC 

12 " -1-" VSUPPLY VSUPPLY 0.68 (2RA -RB) 
2 (0.22) --- - 0.22---

RB RA 

Thus a 50% duty cycle is achieved when RA • Ra-

If the duty cycle is to be varied over a small range about 50% 
only. the connection shown in Figure 13B is slightly more 
convenient. 

With two separate timing reSistors. the frequency is given by 

f = _1_ = -:=-C~--=--
11 +12 RAe ( RB) 

-1+---
0.88 2RA -RB 

f ., 0.33 (for Figure 13A) 
RC 

Neither time nor frequency are dependent on supply voltage. 
even though none of the voltages are regulated inside the 
integrated circuit. This is due to the fact that both currents 
and thresholds are direct. linear functions of the supply volt· 
age and thus their effects cancel. 
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~----~-----'----~.V+ 

nn 
8 ICL8038 3 

12K 

V-ORGND 

A 

. v+ 

Rs RL 

& 8 nn 
3 'Vv 

"'" 
L-____ +-____ ....... _____ V- OR QND 

B 

FIGURE 13. POSSIBLE CONNECTIONS FOR THE EXTERNAL 
TIMING RESISTORS 

To minimize sine wave distortion the 82kn resistor between 
pins 11 and 12 is best made variable. With this arrangement 
distortion of less than 1 % is achievable. To reduce this even 
further, two potentiometers can be connected as shown in 
Figure 14; this configuration allows a typical reduction of 
sine wave distortion close to 0.5% 

v+ 

& II nn 
3 'Vv 

"'" 10K 

~---------------;-+~l00kQ 

V-ORGND 

FIGURE 14. CONNECTION TO ACHIEVE MINIMUM SINE WAVE 
DISTORTION 

Selecting RA• Rs and C 
For any given output frequency, there is a wide range of RC 
combinations that will work, however certain constraints are 
placed upon the magnitude of the charging current for 
optimum performance. At the low end, currents of less than 
1jIA are undesirable because circuit leakages will contribute 
significant errors at high temperatures. At higher currents 
(I > 5mA), transistor betas· and saturation voltages will 
contribute increasingly larger errors. Optimum performance 
will, therefore, be obtained with charging currents of 10jIA to 
1 mAo If pins 7 and 8 are shorted together, the magnitude of 
the charging current due to RA can be calculated from: 

R1 x(V+ -Vol 1 O.22(V+-V-) 
I = x - = ---;:;,----

(R1 + R2) RA RA 

R1 and R2 are shown in the Detailed Schematic • 

A similar calculation holds for Re. 

The capacitor value should be chosen at the upper end of its 
possible range. 

Waveform Out Level Control and 
Power Supplies 
The waveform generator can be operated either from a sin
gle power supply (10V to 3OV) or a dual power supply (±5V 
to ±15V). With a single power supply the average levels of 
the triangle and sine wave are at exactly one-half of the sup
ply voltage, while the square wave alternates between V+ 
and ground. A split power supply has the advantage that aU 
waveforms move symmetrically about ground. 

The SQuare wave output is not committed. A load resistor 
can be connected to a different power supply, as long as the 
applied voltage remains within the breakdown capability of 
the waveform generator (30V). In this way, the SQuare wave 
output can be made TTL compatible (load resistor con
nected to +5V) while the waveform generator itself is pow
ered from a much higher voltage. 

Frequency Modulation and Sweeping 

The frequency of the waveform generator is a direct function 
of the DC voltage at terminal 8 (measured from V+). By 
altering this voltage, frequency modulation is performed. For 
small deviations (e.g. ±10%) the modulating signal can be 
applied directly to pin 8, merely providing DC decoupllng 
with a capacitor as shown in Figure 15A. An external resistor 
between pins 7 and 8 is not necessary, but it can be used to 
increase input impedance from about 8kn (pins 7 and 8 
connected together), to about (R + 8kn). 

For larger FM deviations or for frequency sweeping, the 
modulating signal is applied between the positive supply 
voltage and pin 8 (Figure 15B). In this way the entire bias for 
the current sources is created by the modulating signal, and 
a very large (e.g. 1000:1) sweep range is created (f .. 0 at 
VSWEEP = 0). Care must be taken, however, to regulate the 
supply voltage; in this configuration the charge current is no 
longer a function of the supply voltage (yet the trigger thresh· 
olds still are) and thus the frequency becomes dependent on 
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ICL8038 

the supply voltage. The potential on Pin 8 may be swept 
down from V+ by (% VSUPPLY· 2V). 

r"""----~----~~--~-V+ 

nn 
R , "IV 

T 
FM "'" 

V· OR OND 

A 

~--~------~----~----~~V+ 

nn 
, ICLl038 3 

11K 

..... ----...... ----~_----_ y. OR OND 

B 

FIGURE 15. CONNECTIONS FRO FREQUENCY MODULATION 
(A) AND SWEEP (B) 

Applications 
The sine wave output has a relatively high output impedance 
(lkn Typ). The circuit of Figure 16 provides buffering, gain 
and amplitude adjustment. A simple op amp follower could 
also be used. 

r"""----~----~~----------~----oV+ 

AMPUTUDE 

11 

c 
L-____________ ~ __ ------------~---_y. 

FIGURE 16. SINE WAVE OUTPUT BUR:ER. AMPI,.IFIERS 

With a dual supply voltage the external capacitor on Pin 10 
can be shorted to ground to halt the ICL8038 oscillation. 
Figure 17 shows a FET switch, diode ANDed with an input 
strobe signal to allow the output to always start on the same 
slope. 

r"""----~--------------~~------oV+ 

RB 

t 

11 

C 

INSl14 

INt14 

~""-"'''''STROBE 
100K 

OFF .., r- +15V (+10V) 
_ U .15V (.10y) 

ON 

FIGURE 17. STROBE TONE BURST GENERATOR 

To obtain a 1000:1 Sweep Range on the ICL8038 the volt· 
age across external resistors RA and Rs must decrease to 
nearly zero. This requires that the highest voltage on control 
Pin 8 exceed the voltage at the top of AA and As by a few 
hundred mV. The Circuit of Figure 18 achieves this by using 
a diode to lower the effective supply voltage on the ICl8038. 
The large resistor on pin 5 helps reduce duty cycle variations 
with sweep . 

r""" .... ---------.--------------.... -+10V 
IN457 

DUTY CYCLE 

O.1I'F 1K 15K 

4.7K 4.7K 

5 4 6 9 

nn 
10K 

FREQ.~· ....... -+-t, ICLa03' 3 

20K .15M 

L---...... ----i~----....... ----_4_----_·10V 

FIGURE 18. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHz 

The linearity of input sweep voltage versus output frequency 
can be significantly improved by using an op amp a shown in 
Figure 19. 
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HIGH FREQUENCY --l===::::;;:.f----jr---r--1--ir---' 
SYMMETRY 

1110 

1,DOOpF 

.. 1SV 

1011Q 
OFFSET 

1N753A 
(8.2Y) 

1110 

4 

4.7110 

s 

ICL8038 
FUNCTION GENERATOR 

10 11 

3,1IOOpF 

10110 

1Mn 

.. 
IOjlF 

100110 1SV 

SINE WAVE 
DISTOR'IION 

100110 -

LOW FREQUENCY 
SYMMETRY 

~-~---4_--~~----~------~--04SV 

FIGURE 19. LINEAR VOLTAGE CONTROLLED OSCILLATOR 

Use in Phase Locked Loops 

Its high frequency stability makes the ICl8038 an Ideal 
building block for a phase locked loop as shown in Figure 20. 
In this application the remaining functional blocks, the phase 
detector and the amplifier, can be formed by a number of 
available IC's (e.g. MC4344, NE562, HA2800, HA2B20). 

In order to match these building blocks to each other, two 
steps must be taken. First, two different supply voltages are 
used and the square wall9 output is retumed to the supply of 
the phase detector. This assures that the VCO Input voltage 
will not exceed the capabilities of the phase detector. " a 
smaller VCO signal is required, a simple resistive voltage 
divider is connected between pin 9 of the waveform genera
tor and the VCO input of the phase detector. 

Second, the DC output level of the ampliflSr must be made 
compatible to the DC level required at the FM input of the 
waveform generator (pin B, O.BV+). The simplest solution here 
is to provide a IIOltage divider to V+ (R1' ~ as shown) if the 
amplifier has a lower output lewl, or to ground if its lewl is 
higher. The dMder can be made part of the low-pass filter. 

This application not only provides for a free..running fre
quency with very low temperature drift, but is also has the 
unique feature of producing a large reconstituted sinewave 
Signal with a frequency identical to that at the input. 

For further Information, see Harris Application Note A013, 
"Everything You Always Wanted to Know About the 
ICL8038". 

Definition of Terms 
Supply Voltage (VSUPPLY). The total supply voltage from V+ 
toV-. 

Supply Current. The supply current required from the 
power supply to operate the device, excluding load currants 
and the currents through RA anel RB. 

Frequency Range. The frequency range at the square wave 
, output through which circuit operation is guaranteed. 

Sweep FM Range. The ratio of maximum frequency to mini
mum frequency which can be obtained by applying a sweep 
voltage to pin B. For correct operation, the sweep voltage 
should be within the range 

(2Ja VSUPPLY + 2V) < VSWEEP < VSUPPLY 

FM Unearlty. The percentage deviation from the best fit straight 
line on !he control voltage YEllSUS output frequency curve. 

Output Amplitude. The peak-ta-peak signal amplitude 
appearing at the outputs. 

Saturetlon Voltage. The output voltage at the collector of 
Q23 when this transistor Is tumed on. It is measured for a 
sink current of 2mA. 

Rise and Fall Times. The time required for the square wave 
output to change from 10% to 90%, or 90% to 10%, of its 
final value. 

Triangle waveform UnearHy. The percentage deviation 
from the best fit straight line on the rising and falling triangle 
waveform. 

Total Harmonic Distortion. The total harmonic distortion at 
the sine wave output. 
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FIGURE 20. WAVEFORM GENERATOR USED AS STABLE yeo IN A PHASE·LOCKED LOOP 
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Features 
.. f'ull Scale Accuracy ••••••••••••••••••••••••• 0.5% 

. • 1'emperatura Compensated Operation ••• O"C to +70oC 

..... Scale Factor, AdJustable •••••••••••••••• 1V/Decade 

'. Dynamic Current Range (ICL8048) •••••••••••• 12OdB 

. • ' Dynamic Voltage Range (lCL8048 & 1CL8049) •••• 60dB 

• Dual JFET Input Op Ampe 

Ordering Information 
PART NUMBER 

Iql8048BCJE 

.ICI.,ao4accJE 

ICL8049BCJE 

ICL6049COJE 

' .. ,. IREF 3 

At OFFSET 4 
. NULL 

. AtOFFSET & 
NULL 

V- 6 

'··.AtOUTPUT 7 

ERROR (+25"C) 

30mV 

60mV 

10mV 

25mV 

4 AtINPUT 

13 At OFFSET 
NULL 

2 AtOFFSET 
NULL 

Log/Antilog Amplifiers 

Description 
The ICl8048 is a monolithic logarithmic amplifier capable of 
handling six decades of current input, or three decades of 
voltage input. It is fully temperature compensated and is 
nominally designed to provide 1V of output for each decade 
change of input. For increased flexibility, the scale factor, ref
erence current and offset voltage are externally adjustable . 

The ICl8049 is the antilogarithmic counterpart of the 
ICL8048; it nominally generates one decade of output volt
age for each 1V change at the input. 

TEMPERATURE RANGE PACKAGE 

O"C to +7O"C 16 Lead Ceramic DIP 

0"0 to +7O"C 16 Lead Ceramic DIP 

O"C to +7O"C 16 Lead Ceramic DIP 

O"C to +7O"C 16 Lead Ceramic DIP 

YOUT 

CAlJTIOJi/: These devicae are senslllw to electrostatic discharge. Users should follow proper I.C. Handling Pracedurae. 

60pyrlglil @Harris Corporation 1993 . ..., 7-130 
File Number 2865.1 



Specifications ICL8048 

Absolute Maximum Ratings Operating Conditions 
Supply Voltage ..•••..••• '" •••••••••••••••••.•••••.•••• ±18V Operating Temperature Range ••••••••••.•••.••. O"C to +7O"C 
liN (Input Current) •••.••.•••••.••••••••••••.••••••••.• 2mA Storage Temperature Range ••.•.••. : .•.•••••. -65"0 to +15O"C 
IREF (Reference Current) ••.•••••••••••••••••..•••...•. 2mA 
Voltage Between OIfsei Null and V+ ..•.•...•.•..••.•••.... ±O.5V 
Output Short Circuit Duration •••.•••.•••.•••••.••... Indefinite 
Power Dissipation ...•••••••.•••••.•••••••..•••.••. 750mW 
Lead Temperature (Soldering 10 Sec.) ....•....•....... +3OO"C 

CAUTION: Stresses abo .. those listsd in "Abso/u/8 MaJdmum Ratings" may cause permanent damage 10 /he devica. This Is a _ only /8ting and opetatkJn 
of the davies at /hess or any other conditions aboWI thoSIl indicalJJd in the ClpIl/8tionaJ sections of this speclficatkJn Is not UnpIled. 

Electrical Specifications Vs = ±15V, TA = +25"0, IREF = 1mA, Scale Factor Adjustad for 1VlDecade,Uniess Otherwise Specified 

ICL4048BC ICL8048CC 

PARAMETERS TEST CONDITIONS MIN TYP MAX MIN T'i'P MAX UNrrs 

Dynamic Range 

IIN(1nA-1mA) RIN = 101<11 120 - - 120 - - dB 

VIN (10mV -10V) 60 - - 50 - - dB 

Error, % of Full Scale TA=+25OC, - 0.20 0.5 - 0.25 1.0 % 
liN = 1nA to 1mA 

TA = O"C to +7ooC, - 0.60 1.25 - 0.80 2.5 % 
liN = 1nA to 1mA 

Error, Absolute Value TA = +25"0, - 12 30 - 14 60 mV 
liN = 1nA to 1mA 

TA = O"C to +7ooC, - 36 75 - 50 150 mV 
liN = 1nA to 1mA 

Temperature Coefficient of VOUT liN = 1nA to 1mA - 0.8 - - 0.8 - mV/oc 

Power Supply Rejection RatIo Referred to OUtput - 2.5 - - 2.5. - mVN 

Offset Voltaga (AI & A:!) Before Nulling - 15 25 - 15 50 mV 

Wideband Noise At Output, for liN = 100jiA - 250 - .- 250 - I'VRMS 

Output Voltaga Swing At. = 10kO ±12 ±14 - ±12·· ±14 - V 

At. =2kO ±10 ±13 - i10 ±13 - V 

Power Consumption - 150 200 - 150. 200 mW 

Supply Current - 5 6.7 - 5 6.7 mA 
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Specifications ICLB049 

Absolute Maximum Ratings Operating Conditions 
Supply Voltage ••••••••••••••••••••••••••••••••••••••••• ±18V Operating Temperature Range ••••••••.••••••••• O"C to +7O"C 
VIN (Input ClITent) .•.•...•••.••.•.•.•..•.••.•..••..•••.• ±15V Storage Temperature Range ••••••••.•.•••.••• -65"C to + 15O"C 
IREF (Ref8rence Current) ••••.••••••••••••.•••••••••.•• 2rnA 
Voltage Between Offset Null and V+ •••..••••.••••••.•••••• ±O.5V 
Output Short Circuit Duration ••••••••••••••••••••••• Indefinite 
Power Dissipation ..•••••.•••••.••••••••••••••••••• 750mW 
Lead Temperature (Soldering 10 Sec.) •...••..••.•..•.. +3OO"C 

CAUT/OIII: stresses &bow Ihoss I/sIed In ~olul" Maximum Ratings" may cause permsnent damage to ths device. This is • sb8s8 only I8Iing and opetJItion 
of III" dtwice.t Ihese or any other conditions &bow Ihoss Indicated in ths opetJItionaI SllClione of IIIIs specillt:ation Is not IIrf'/IIId. 

Electrical Specifications Vs = ±15V, TA = +25"C, IREF = 1rnA, Scale Factor Adjusted for 1 Decade (Out) per Volt (In), Unless Oth
erwise Specified 

PARAMETERS TEST CONDITIONS 

Dynamic Range (VOUT) VOUT= 10mVto 10V 

Error, Absolute Value TA = +25"C, OV S VIN S 2V 

TA = O"C to +7r1'C, 
OVSVIN S3V 

Temperature Coefficient, Referred VIN =3V 
toV1N 

Power Supply Rejection RatIo Referred to Input, 
forVIN=OV 

Offset Voltage (A, & A2l Before Nulling 

Wldeband Noise Referred to Input, 
forVIN=OV 

Output Voltage Swing RL = 10kn 

~=2kn 

Power Consumption 

Supply CUrrent 

Typical Performance Curves 

£+2 
w ! +1 

~ 0 
!; S -1 

o -2 

-3 

-4 

...... ... . 

... ...... . 
....... .. 

Rwt·,0kn 

............... ..... 
~'mA- f-

.............. I. ............... ...... REF .'C1jlA .... 
.............. 

"""" ~~OO .... .............. .... 
............... 

i'oo.. 

............... .... 
1mY 10mY 100mY 1Y 10Y 

INPUT VOLTAGE (V) 

FIGURE 1. TRANSFER FUNCTION FOR VOLTAGE INPUTS 
(ICLB048 ONLy) 

ICL4049BC ICLB049CC 

MIN TYP MAX MIN TYP MAX UNITS 

60 - - 60 - - dB 

- 3 15 - 5 25 mV 

- 20 75 - 30 150 mV 

- 0.38 - - 0.55 - mVI"C 

- 2.0 - - 2.0 - pVN 

- 15 25 - 15 50 mV 

- 26 - - 26 - pVRMS 

±12 ±14 - ±12 ±14 - V 

±10 ±13 - ±10 ±13 - V 

- 150 200 - 150 200 mW 

- 5 6.7 - 5 6.7 rnA 

. ..... 
............ 

i'.... I I 
. ..... 

i'.... ~j 
. .... ~ ........... -........!.REF·,pA .......... ro......... 

.......... r-........ I~ .......!..REF·,nA ......... 
r-......... 

.......... r--....... 
-8 
10"'0 10" 10" 10"7 10"' 10"' 10-' 10-3 

INPUT CURRENT (A) 

FIGURE 2. TRANSFER FUNcnON FOR CURRENT INPUTS 
(ICLB048 ONLy) 
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Typical Performance Curves (Continued) 
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FIGURE 3. SMALL SIGNAL BANDWIDTH AS A FUNCTION OF 
INPUT CURRENT (ICL8048 ONLy) 
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FIGURE 5. MAXIMUM ERROR VOLTAGE AT THE OUTPUT AS 
A FUNCTION OF INPUT VOLTAGE (ICLB048 ONLy) 
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FIGURE 4. MAXIMUM ERROR VOLTAGE AT THE OUTPUT AS 
A FUNCTION OF INPUT CURRENT (ICLB048 ONLy) 
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FIGURE 6. SMALL SIGNAL VOLTAGE GAIN AS A FUNCTION 
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Typical Performance Curves (Continued) 
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FIGURE 9. SMALL SIGNAL BANDWIDTH AS A FUNCTION OF 
INPUT VOLTAGE (ICL8049 ONLY) 

ICLB04B Detailed Description 

The ICl8048 relies for its operation on the well known expo
nential relationship between the collector current and the 
base emitter voltage of a transistor: 

I qVBE ] 
IC = IsL8XP(k'T) -1 (1) 

For base emitter voltages greater than 100mV, Eq. (1) 
becomes 

(2) 

From Eq. (2), it can be shown that for two identical transis
tors operating at different collector currents, the VSE differ
ence (.1VSE) is given by: 

kT r'c!l 
AVSE = ·2.303 x q10910LiC2.l (3) 

Referring to Rgure 11 it is clear that the potential at the col
lector of a2 is equal to the .1VSE between a, and ~. The 
output voltage is .1VSE multiplied by the gain of ~: 

R1 + R2 kT ~ liN ~ VOUT = -2.303 (-R-) (-) 10910 - (4) 
2 q ~REF.J 

The expression 2.303 x k; has a numerical value of 59mV at 

+250 C; thus in order to generate 1V/decade at the output, 
the ratio (R, + R2)1R2 is chosen to be 16.9. For this scale 
factor to hold constant as a function of tempe'rature, the (R, 
+ R2)1R2 term must have a 11T characteristic to compensate 
for kT/q. 

In the ICL8048 this is achieved by making R1 a thin film 
resistor, deposited on the monolithic chip. It has a nominal 

-100 

43 

-10 

-0.1 

-IAEF-1mA 

"- ..... 

" "- .... 
........ 

"-
~ , 
~ 

2 3 4 

INPUT VOLTAGE M 
FIGURE 10. SMALL SIGNAL VOLTAGE GAIN AS A FUNCTION 

OF INPUT VOLTAGE (ICL8049 ONLy) 

value of 15.9kO at +250 C, and its temperature coefficient is 
carefully designed to provide the necessary compensation. 
Resistor R2 is external and should be a low T.C. type; it 
should have a nominal value of 1kn to provide 1V/decade, 
and must have an adjustment range of ±20% to allow for pro
duction variations in the absolute value of R, . 

ICLB04B Offset and Scale Factor 
Adjustment 

A log amp, unlike an op amp, cannot be offset adjusted by 
simply grounding the input. This is because the log of zero 
approaches minus infinity; reducing the input current to zero 
starves a, of collector current and opens the feedback loop 
around A, • Instead, it is necessary to zero the offset voltage 
of A, and ~ separately, and then to adjust the scale factor. 
Referring to Figure 11, this is done as follows: 

1. Temporarily connect a 1OkO resistor (Ro) between pins 2 
and 7. With no input voltage, adjust ~ until the output of 
~ (pin 7) is zero. Remove Ro. 

Note that for a current input, this adjustment is not neces
sary since the offset voltage of A, does not cause any er
ror for current source inputs. 

2. Set liN = IREF = 1 mAo Adjust A5 such that the output of ~ 
(pin 10) is zero. 

3. Set liN = 11lA,IREF = 1mA. Adjust R2 for VOUT = 3V (for a 
1V/decade scale factor) or 6V (for a 2V1decade scale 
factor). 

Step #3 determines the scale factor. Setting liN = 11lA 
optimizes the scale factor adjustment over a fairly wide 
dynamic range, from 1 mA to 1 nA. Clearly, if the ICL8048 is to 
be used for inputs which only span the range 1001lA to 1 mA, 
it would be better to set liN = 1001lA in Step #3. Similarly, 
adjustment for other scale factors would require different liN 
and VOUT values. 
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YREF(+15y) 
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Ql 
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FIGURE 11. ICL8048 OFFSET AND SCALE FACTOR ADJUSTMENT 

ICLB049 Detailed Description 

The ICl8049 relies on the same logarithmic properties of the 
transistor as the IClB048. The input voltage forces a specific 
AVBE between Q1 and Q2 (Figure 12). This VBE difference is 
converted into a difference of collector currents by the 
transistor pair. The equation governing the behavior of the 
transistor pair is derived from (2) on the previous page and is 
as follows: 

IC1 = exp~4VBEJ 
IC2 l:" kT 

(5) 

When numerical values for qlkT are put into this equation, it 
is found that a AVBE of 59mV (at +25°C) is required to 
change the collector current ratio by a factor of ten. But for 
ease of application, it is desirable that a 1 V change at the 
input generate a tenfold change at the output. The required 
input attenuation is achieved by the network comprising Rl 
and R2. In order that scale factors other than one decade per 
volt may be selected, R2 is external to the chip. It should 
have a value of 1 kn, adjustable ±200k, for one decade per 
volt. Rl is a thin film resistor deposited on the monolithic 
chip; its temperature characteristics are chosen to 
compensate the temperature dependence of equation 5, as 
explained on the previous page. 

The overall transfer function is as follows: 

lOUT [-R2 qVINJ 
IREF = exp (R1 + R2) X kT (6) 

(7) 

For voltage references equation 7 becom9S 

ROUT [-R2 qVINJ V = V X--exp X-- (8) 
OUT REF RREF (R1 + R2) kT 

ICLB049 Offset and Scale Factor 
Adjustment 

As with the log amplifier, the antilog amplifier requires three 
adjustments. The first step is to null out the offset voltage of 
~. This is accomplished by reverse biasing the base-emitter 
of Q2' ~ then operates as a unity gain buffer with a 
grounded input. The second step forces V'N = 0; the output 
is adjusted for VOUT = 10V. This step essentially "anchors· 
one point on the transfer function. The third step applies a 
specific input and adjusts the output to the correct voltage. 
This sets the scale factor. Referring to Figure 12 the exact 
procedure for 1 decade/volt is as follows: 

1. Connect the input (pin #16) to +15V. This reverse biases 
the base-emitler of Q2' Adjust R7 for VOUT = OV. Discon
nect the input from +15V. 

2. Connect the input to Ground. Adjust ~ for VOUT = 10V. 
Disconnect the input from Ground. 

3. Connect the input to a precise 2V supply and adjust R2 for 
VOUT = 100mV. 

The procedure outlined above optimizes the performance 
over a 3 decade range at the output (i.e., VOUT from 10mV) 
to 10V). For a more limited range of output voltages, for 
example 1V to 10V, it would be better to use a precise 1V 
supply and adjust for VOUT = 1V. For other scale factors anell 
or starting points, different values for R2 and RREF will be 
needed, but the same basic procedure applies. 
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FIGURE 12. ICU049 OFFSET AND SCALE FACTOR ADJUSTMENT 

Applications Infrmation 
ICL8048 Scale Factor AdJustment 

The scale factor adjustment procedures outlined previously 
for the ICL8048 and ICl8049, are primarily directed towards 
setting up 1V (AVQlJT) per decade (A1IN or AVIN) for the log 
amp, or one decade (AVOUT) per voll (AVIN) for the antilog 
amp. 

This corresponds to K = 1 in the respective 
functions: 

[ liN] 
Log Amp: VOUT = ·K 10910 -1-

REF 

-VIN 
AnlilogAmp: VOUT = ROUT IREF 10 (-K-) 

transfer 

(9) 

(10) 

By adjusting R2 (Figure 11 and Figure 12) the scale factor 
"K" In equation 9 and 1 0 can be varied. The effect of 
changing K Is shown graphically in Figure 13 for the log amp, 
and Figure 14 for the antiiogamp. The nominal value of R2 
required to give a specific value of K can be determined from 
equation 11. It should be remembered that R1 has a ±20% 
tolerance in absolute value, so that allowance shall be made 
for adjusting the nominal value of R2 by ±20%. 

R - 941 n 
2 - (K _ 0.059) (11) 

ICL.804raAutomatic OHset Nulling Circuit 

Th, ICl8048is fundamentally a logarithmic current 
amplifier. It can be made to act as a voltage amplifier by 
placing a resistor between the current input and the voltage 

source but, since liN = (VIN· VOFFSET)IRIN' this conversion is 
accurate only when VIN is much greater than the offset 
voltage. A substantial reduction of VOFFSET would allow 
voltage operation over a 120dB range. 

Figure 15 shows the ICL8048 in an automatic offset nulling 
configuration using the ICL7650S. The extremely low offset 
voltage of the ICL7650S forces Its non·inverting input (and 
thus pin 2 of the ICL8048) to the same potential as its 
inverting input by nulling the first stage of the log amp. Since 
VOFFSET is now within a few I1V of ground potential, RIN can 
perform Its vollage to current conversion much more 
accurately, and without an offset trimmer pot. Step 1 of the 
offset and scale factor adjustment is eliminated, simplifying 
calibration. 

NOTE: The ICL7650S op amp has a maximum supply voltage of 
1av. The ICL8048 will operate at this voltage, bullREF must 
be limited to 20011A or less for proper calibration end 
operation. Best performance will be achieved when the 
ICL7650S has a ±3V to iSV supply and the iCL8048 is at Its 
racommended ±15V supp~ See A053 for a method of 
powering the ICL7650S from a ±15V source. 

Frequency Compensation 

Although the op amps in both the ICL8048 and the ICl8049 
are compensated for unity gain, some additional frequency 
compensation is required. This is because the log transistors 
in the feedback loop add to the loop gain. In the ICl8048, 
150pF should be connected between Pins 2 and 7 
(Figure 11). In the ICl8049, 200pF between Pins 3 and 7 is 
recommended (Figure 12). 
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Error Analysis 

Performing a meaningful error analysis of a circuit containing 
a log and antilog amplifiers is more complex than dealing 
with a similar circuit involving only op amps. In this data 
sheet every effort has been made to simplify the analysis 
task, without in any way compromising the validity of the 
resultant numbers. 

The key difference in making error calculations in log/antilog 
amps, compared with op amps, is that the gain of the former 
is a function of the input signal level. Thus, it is necessary, 
when referring errors from output to input, or vice versa, to 

check the input voltage level, then determine the gain of the 
circuit by referring to the graphs given in the Typical 
Performance Curves section. 

The various error terms in the log amplifier, the IClB04B, are 
Referred To the Output (RTO) of the device. The error terms 
in the antilog amplifier, the ICLB049, are Referred To the 
Input (RTJ) of the device. The errors are expressed in this 
way because in the majority of systems a number of log 
amps interface with an antilog amp, as shown in Figure 16. 
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FIGURE 16. 

It is very straightforward to estimate the system error at node 
(A) by taking the square root of the sum-of-the-squares of 
the errors of each contributing block. 

Total Error = Jy,2 + I- +z2at(A) 

If required, this error can be referred to the system output 
through the voltage gain of the antilog circuit, using the 
voltage gain versus input voltage plot. 

The numerical values of X. y, and z in the above equation are 
obtained from the maximum error voltage plots. For example, 
with the ICl8048BC, the maximum error at the output is 
30mV at +25"C. This means that the measured output will be 
within 30mV of the theoretical transfer function, provided the 
unit has been adjusted per the procedures described 
previously. Figure 17 illustrates this point. 

:g 4k::~--t-'=""'f.C:-+-,_~ 
w 
~ 21--+~1r-
~ ol-.:IIo4....,....I-~!Ioo4.""""-~iIIII 

1-41--~~~~ 

INPUT CURRENT (A) 

FIGURE 17. TRANSFER FUNCTION FOR CURRENT INPUTS 

To determine the maximum error over the operating 
temperature range, the OOC to +70oC absolute error values 
given in the table of electrical specifications should be used. 
For intermediate temperatures, assume a linear increase in 
the error between the +25"C value and the +70oC value. 

For the antilog amplifier, the only difference is that the error 
refers to the input, i.e., the horizontal axis. It will be noticed 
that the maximum error voltage of the ICL8049, over the 
temperature range, is strongly dependent on the input 
voltage. This is because the output amplifier, A2, has an 
offset voltage drift which is directly transmitted to the output. 
When this error is referred to the input, it must be divided by 
the voltage gain, which is input voltage dependent. At VIN = 
3V, for example, errors at the output are multiplied by 1/.023 
(=43.5) when referred to the input. 

It is important to note that both the ICl8048 and the ICL8049 
require positive values of IRE,. and the input (ICl8048) or 
output (ICL8049) currents (or voltages) respectively must 
also be positive. Application of negative liN to the ICl8048 or 
negative IREF to either circuit will cause malfunction, and if 
maintained for long periods, would lead to device 
degradation. Some protection can be provided by placing a 
diode between pin 7 and ground. 

Setting Up the Reference Current 

In both the ICL8048 and ICL8049 the input current reference 
pin (IREF) is not a true virtual ground. For the ICL8048, a 
fraction of the output voltage is seen on Pin 16 (Figure 11). 
This does not constitute an appreciable error provided VREF 
is much greater than this voltage. A 10V or 15V reference 
satisfies this condition. For the ICL8049, a fraction of the 
input voltage appears on Pin 3 (Figure 12), placing a similar 
restraint on the value of VREF 

Alternatively, IREF can be provided from a true current 
source. One method of implementing such a current source 
is shown in Figure 18. 

+1SV 

J 
VAEF {,----t 

FIGURE 18. 

+15V 

t--~2N221t 

IREF 

( TO PIN 16 ON ICU048) 
TO PIN 3 ON 1CL8048 

Log of Ratio Circuit, Division 
The ICL8048 may be used to generate the log of a ratio by 
modulating the IREF input. The transfer function remains the 
same, as defined by equation 9: 

[ liN J VOUT = -Klog,0 -I -
REF. 

(9) 

Clearly it is possible to perform division using just one 
ICL8048, followed by an ICL8049. For multiplication, it is 
generally necessary to use two log amps, summing their 
outputs into an antilog amp. 

To avoid the problems caused by the IREF input not being a 
true virtual ground (discussed in the previous section), the 
circuit of Figure 18 is again recommended if the IREF input is 
to be modulated. 
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Definition of Terms 
In the definitions which follow, it will be noted that the various 
error terms are referred to the output of the log amp, and to 
the input of the antilog amp. The reason for this is explained 
on the previous page. 

Dynamic Range. The dynamic range of the ICL8048 refers 
to the range of input voltages or currents over which the 
device is guaranteed to operate. For the ICl8049 the 
dynamic range refers to the range of output voltage over 
which the device is guaranteed to operate. 

Error, Absolute Value. The absolute error Is a measure of 
the deviation from the theoretical transfer function, after 
performing the offset and scale factor adjustments as 
outlined, (ICl8048) or (ICL8049). It is expressed in mV and 
referred to the linear axis of the transfer function plot. Thus, 
in the case of the ICL8048, it is a measure of the deviation 
from the theoretical output voltage for a given input current 
or voltage. For the ICL8049 it is a measure of the deviation 
from the theoretical input voltage required to generate a 
specific output voltage. 

The absolute error specification is guaranteed over the 
dynamic range. 

Error, % of Full Scale. The error as a percentage of full 
scale can be obtained from the following relationship: 

Error, % of Full Scale = 100 x Error, absolute value 
Full Scale Output Voitege 

Temperature Coefficient of VOUT or VIN• For the ICl8048 
the temperature coefficient refers to the drift with 
temperature of VOUT for a constant input current. 

For the ICL8049 It Is the temperature drift of the input wltage 
required to hold a constant value of Your. 

Power Supply Rejection Ratio. The ratio of the voltage 
change in the linear axis of the transfer function (Vour for the 
ICl8048, VIN for the ICl8049) to the change in the supply 
voltage, assuming that the log axis is held constant. 

Wldeband Noise. For the ICl8048, this is the noise 
occurring at the output under the specified conditions. In the 
case of the ICl8049, the noise is referred to the input. 

Scale Factor. For the log amp, the scale factor (I<) is the 
voltage change at the output for a decade (i.e. 10: 1) change 
at the Input. For the antilog amp, the scale factor is the 
voltage change required at the input to cause a one decade 
change at the output. See equations 9 and 10. 

Application Notes 
For further applications assistance, see AOO7 "The ICL8048I 
8049 Monolithic Log-Antilog Amplifiers". 
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Features 
• Replaces the 2242 In Moat Applications 

• TIming From MlcfoaeConds.to Days 

• Cascadeable 

• Monoatable or Astable Operation 

• Wide Supply Vo~ge Range: 2V· 16V 

• Low Supply Current: 1151JA at 5V 

Pinout ICM7242 
(POIP, SOIC) 

TOP VIEW 

+2:07
:

110 

+1281256 OUT 3 TRIGGER 

Yss 4 5 RESET 

Functional Diagram 

v 

dl ~ 
YDD Yss 

, 
TallO 

ICM7242 
Long Range Fixed Timer 

Description 
The ICM7242 is a CMOS timer/counter circuit conSisting of 
an RC oscillator followed by an 8-bit binary counter. It will 
replace the 2242 in most applications, with a significant 
reduction in the number of extemal components. 

Three outputs are provided. They are the oscillator output, 
and buffered outputs from the first and eighth counters. 

Ordering Information 

TEMPERATURE 
PART NUMBER RANGE PACKAGE 

ICM7242IPA -25"C to +85°C 8 Lead Plastic DIP 

ICM7242CBA O"C to +7O"C 8LeadSOlC 

1 
RESET TRIGGER +2 OUT +1281251 

OUTPUT 

CAUTION: Thae dwicee are sensftlw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2866.1 
Copyright @ Harris Corporation 1993 
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Specifications ICM7242 

Absolute Maximum Ratings Operating Conditions 
Supply Voltage (Voo to Vssl ••••••••••••••••• " ••••••••• 18V Operating Temperature Range 
Input Voltage (Note 1) ICM72421 •••••••••••••••••••••••••••••••• -25°C to +115°C 

Terminals (Pins 5,6,7,8) •••••••••• (VSS -O.3V) to (Voo +O.3V) 1CM7242C •••••••••••••••••••••••••••••••• OOC to +7()OC 
Maximum Continuous Output Current (Each Output) •••••••• SOmA Storage Temperature Range •••••••••••••••••• -65OC to +1 SOOC 
Power Dissipation (Note 2) •••••••••••••••••••••••••• 200mW 
Lead Temperature (Soldering 10 Sec.) •....•..••.•..... +3OQOC 

CAUTION: s_ 8bov8 /hose listsd in "Absoluta MaJdmum Ra6ngs" may cause p8ffTIIUI8n/ damage to /he davIca. This is • stress only ",ling and op8I8tion 
of /he datIIca at Ihesa or any olhar conditlona aboMt lhasa indicated In /he ope",tional sacUona of this specification Is not imp/i8d. 

Electrical Specifications voo = 5V, TA .. +25OC, R = 10k1l, C .. 0.111F. vss= OV, Unless Otherwise Specified 

PARAMETERS SYMBOL TEST CONDITIONS MIN TVP MAX UNITS 

Guaranteed Supply Voltage Voo 2 - 16 V 

Supply Current 100 Reset - 125 - jiA 

Operating, R = 10kn, C = 0.1j1F - 340 800 jiA 

Operating, R = 1MO, C = 0.111F - 220 600 jiA 

TB Inhibited, RC Connected to Vss - 225 - jiA 

Timing Accuracy - 5 - % 

RC Oscillator Frequency Temperature !JIM. Independent 01 RC Components - 250 - ppmI"C 
Drift 

Time Bsse Output Voltage VOTe ISOURCE = 100jiA - 3.5 - V 

ISINK = 1.0mA - 0.40 - V 

Time Bsse Output Leakage Current ITBLK RC = Ground - - 25 jiA 

Trigger Input Voltage VTRIG Voo=5V - 1.6 2.0 V 

Voo = 15V - 3.5 4.5 V 

Reset Input Voltage VRST Voo=5V - 1.3 2.0 V 

Voo=15V - 2.7 4.0 V 

TriggerlReset Input Current ITRIG,IRST - 10 - jiA 

Max Count Toggle Rate IT Voo=2V - 1 - MHz 

Voo=5V Counter/Divider Mode 2 6 - MHz 

Voo = 15V - 13 - MHz 

50% Duty Cycle Input with Peak to Peak 
Voltages Equal to Voo and Vss 

Output Saturation Voltage VSAT All Outputs Except TB Output Voo = 5V, - 0.22 0.4 V 
lOUT = 3.2mA 

Output Sourcing Current ISOURCE Voo = 5V Terminals 2 & 3, VOUT = 1V - 300 - jiA 

MIN Timing CapaCitor (Note 3) CT 10 - - pF 

Timing Resistor Range (Note 3) Rr Voo=2-16V 1K - 22M 0 

NOTES: 

1. Due to the SCR structure Inherentin the CMOS process, connecting any terminal to voltages greater than Voo or less than V ss may cause 
destructive device latchup. For this reason, it is recommended that no Inputs from external sources not operating on the same supply be 
applied to the device before Its supply is established and, that In muHlple supply systems, the supply to the ICM7242 be turned on first 

2. Derate at -2mWf'C above +25OC. 

3. For design only, not tested. 

Test Circuit 
VDDLa----

1 ...., n- nME BASE INPUTIOUTPUT 

+21 (RCI2) OUTPUT -fi :z::: f I I VDD 

~-"""'" o-[! 51 c" 
~ R~ TRIGGER nME BASE PERIOD -1.ORC; 

NOTE: +21 and +~ outputs are Inverters and have active pullups. JL JL 1 SEC ... 1MO x 1)1f 

FIGURE 1. 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Operating Considerations 

Shorting the RC terminal or output terminals to Voo may 
exceed dissipation ratings anellor maximum DC current limits 
(especially at high supply voltages). 

There is a limitation of 50pF maximum loading on the TB I/O 
terminal if the timebase Is being used to drive the counter 
section. If higher value loading is used, the counter sections 
may miscount. 

For greatest accuracy, use timing component values shown 
In Figure 3. For highest frequency operation It will be desir
able to use very low values for the capacitor; accuracy will 
decrease for oscillator frequencies in excess of 200kHz. 

The timing capacitor should be connected between the RC 
pin and the positive supply rail, VDOo 85 shown in Figure 1. 
When system power is turned off, any charge remaining on 
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FIGURE 9. MAXIMUM DIVIDER FREQUENCY va SUPPLY 
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FIGURE 11. OUTPUT SATURATION CURRENT AS A FUNCTION 
OF OUTPUT SATURATION VOLTAGE 

the capacitor will be discharged to ground through 8 large 
internal diode between the RC node and Vss. Do NOT refer
ence the timing capacitor to ground, since there is no high 
current path in this direction to safely discharge the capacitor 
when power is turned off. The discharge current from such a 
configuration could potentially damage the device. 

When driving the counter section from an external clock, the 
optimum drive waveform Is a square wave with an amplitude 
equal to the supply voltage. If the clock is a very slow ramp 
triangular, sine wave, etc., it will be necessary to "square up· 
the waveform; this can be done by using two CMOS invert
ers in series. operating from the same supply voltage as the 
ICM7242. 

The ICM7242 is a non-programmable timer whose principal 
applications will be very low frequency oscillators and long 
range timers; it makes a much better low frequency oscilla-
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torltimer than a 555 or ICM7555, because of the on-chip 
8-bit counter. Also, devices can be cascaded to produce 
extremely low frequency signals. 

Because outputs will not be AND'd, output inverters are used 
inste.ad of open drain N-channel transistors, and the external 
resistors used for the 2242 will not be required for the 
ICM7242. The ICM7242 will, however, plug into a socket for 
the 2242 having these resistors. 

The timing diagram for the ICM7242 is shown in Figure 12. 
Assuming that the device is in the RESET mode, which 
occurs on power up or after a positive signal on the RESET 
terminal (if TRIGGER is low), a positive edge on the trigger 
input signal will initiate normal operation. The discharge 
transistor turns on, discharging the timing capacitor C, and 
all the flip-flops in the counter chain change states. Thus, the 
outputs on terminals 2 and 3 change from high to low states. 
After 128 negative timebase edges, the +~ output returns to 
the high state. 

n __ TRIGGER INPUT .... II....-i~~l-------- (TERMINALS) 

T'T1~ftll-1 "'11-1 "'I1-1.,1-1 ...... 1---l:~~:~~rUT 
, n n n n M r"'"" __ +20UTPUT 

L..I ~~ L..I L..I L..I L..I (TERMINAL 2) 

+ 128f256 OUTPUT 
(TERMINAL 3) (ASTABLE 
OR "FREE RUN" MODE) 

+ 128f256 OUTPUT 
(TERMINAL 3) 
(MONOSTABLE 
OR "ONE SHOT" MODE) 

FIGURE 12. TIMING DIAGRAMS OF OUTPUT WAVEFORMS 
FOR THE ICM7242 (COMPARE WITH FIGURE 16) 

FIGURE 13. USING THE ICM7242 AS A RIPPLE COUNTER 
(DIVIDER) 

To use the 8-bit counter without the timebase, terminal 7 
(RC) should be connected to ground and the outputs taken 
from terminals 2 and 3. 

The ICM7242 may be used for a very low frequency square 
wave reference. For this application the timing components 
are more convenient than those that would be required by a 
555 timer. For very low frequencies, devices may be cas
caded (see Figure 14). 

FIGURE 14. LOW FREQUENCY REFERENCE (OSCILLATOR) 

For monostable operation the +28 output is connected to the 
RESET terminal. A positive edge on TRIGGER initiates the 
cycle (NOTE: TRIGGER overrides RESET). 

The ICM7242 is superior in all respects to the 2242 except 
for initial accuracy and oscillator stability. This is primarily 
due to the fact that high value p- resistors have been used 
on the ICM7242 to provide the comparator timing points. 

OUTPUT 

TRIGGER ...ll _________ TERMINAL6 

TBOUTPUT I I I I I I IS'rTT TERMINAL • 

OUTPUT IL ______ .. r TERMINAL 3 

FIGURE 15. MONOSTABLE OPERATION 

Comparing the ICM7242 With the 2242 

ICM7242 2242 

Operating Voltage 2V -16V 4V-15V 

Operating Temperature Range -25°C to +85°C OOCto +700C 

Supply Currant, Voo = 5V O.7mAMax. 7mAMax. 

Pullup Resistors 

TBOutput No Yes 

+2 Output No Yes 

+256 Output No Yes 

Toggle Rate 3.0MHz O.5MHz 

ReSistor to Inhibit Oscillator No Yes 

Resistor in Series with Reset for No Yes 
Monostable Operation 

Capacitor TB Terminal for HF No Sometimes 
Operation 
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By selection of Rand C, a wide variety of sequence timing 
cen be realized. A typical flow chart for a machine tool con
troller could be as shown in Figure 16. 

TRIGGERING CAN BE 
OBTAINED FROM A 
PREVIOUS STAGE, A 
UMrr SWITCH, OPER
ATOR SWITCH, ETC. 

ICM7242 

~tl t It I 
WAIT ENABLE WAIT 

5 SEC. 10 SEC. 5 SEC. 

1CM7242 ICM7242 

ICII7240 1CM7242 

t It~ 
COUNT ENABLE 
TOl85 5SEC. 

FIGURE 16. 

Voo 

By cascading devices, use of low cost CMOS ANDIOR gates 
and appropriate RC delays between stages, numerous 
sequential control variations can be obtained. Typical 
applications include injection molding machine controllers, 
phonograph record production machines, automatic 
sequencers (no metal contacts or moving parts), milling 
machine controllers, process timers, automatic lubrication 
systems, etc. 

Sequence Timing 

• Process Control 

• Machine Automation 

• Electro-Pneumatic Drivers 

• Multi Operation (Serial or Parallel Controlling) 

Voo Voo 

"SELECT RC VALUES FOR DESIRED "ON TIME" FOR EACH 1CM7242 

PUSH S1 TO START SEQUENCE: 

---l r- MUST BE SHORTER THAN "ON lime,,· 

TRIOOER --11 _______________________________ _ 
... 1 .. ---128Rc--..... • ... 1 

---, ~I ----------------------
OUTPUT A" 

I- l28RC ·1 

OUTPUTB" 

r--l28Rc-j 

OUTPUTC* 

1---128RC----j 

OUTPUTD* 

ONUmec 
ONtlmeo-....J ON time" ON times 

FIGURE 17. SEQUENCE TIMER 
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ICM7555, ICM7556 

March 1993 

Features 
• Exact Equivalent In Most Cases for SElNE555f556 or 

TLC555f556 

• Low Supply Current - 6011A Typ. (ICM7555) 12011A Typ. 
(ICM7556) 

• Extremely Low Trigger, Threshold and Reset Currents 
- 20pA Typical 

• High Speed Operation - 1 MHz Typical 

• Wide Operation Supply VoHage Range Guaranteed 2V 
t018V 

• Normal Reset Function - No Crowbarrlng of Supply 
During Output Transition 

• Can be Used with Higher Impedance Timing Elements 
than Regular 55516 for Longer RC Time Constents 

• Timing from Microseconds through Hours 

• Operates In Both Asteble and Monosteble Modes 

• AdJustebie Duty Cycle 

• High Output SourcelSlnk Driver can Drive TTUCMOS 

• Typical Temperature StebllHy of 0.005% per °C et +25°C 

• Outputs have Very Low Offsets, HI and LO 

Applications 
• Precision Timing 

• Pulse Generation 

• Sequential Timing 

• Time Delay Generation 

• Pulse Width Modulation 

• Pulse PosItion Modulation 

• Missing Pulse Detector 

Pinouts 

General Purpose Timers 

Description 
The ICM7555 and ICM7556 are CMOS RC timers providing 
signifICantly Improved performance over the standard SEI 
NE55516 and 355 timers. while at the same time being direct 
replacements for those devices in most applications. Improved 
parameters include low supply current, wide operating supply 
voltage range, low THRESHOLD, TRIGGER and RESET cur
rents, no crowbarring of the supply current during output transI
tions, higher frequency performance and no requirement to 
decouple CONTROL VOLTAGE for stable operation. 

SpecifICally, the ICM7555 and ICM7556 are stable control
lers capable of producing accurate time delays or frequen
cies. The ICM7556 is a dual ICM7555, with the two timers 
operating independently of each other, sharing only V+ and 
GND. In the one shot mode, the pulse width of each circuit is 
precisely controlled by one external resistor and capaCitor. 
For astable operation as an oscillator, the free running fre
quency and the duty cycle are both accurately controlled by 
two external resistors and one capacitor. Unlike the regular 
bipolar 555/6 devices, the CONTROL VOLTAGE terminal 
need not be decoupled with a capacitor. The circuits are trig
gered and reset on falling (negative) waveforms, and the out
put inverter can source or sink currents large enough to drive 
TTL loads, or provide minimal offsets to drive CMOS loads. 

Ordering Information 
TEMPERATURE 

PART NUMBER RANGE PACKAGE 

ICM7555CBA O"C to +70"C 8LeadSOlC 

ICM7555IBA -250(; 10 +850(; 8LeadSOlC 

ICM75551PA -250(; to +850(; 8 Lead Plastic DIP 

ICM7555llV -250(; to +850(; 8 Pin TO-99 Can 

ICM7555MlV" -550(; to +125°C 8 Pin TO-99 Can 

ICM7556IPD -250(; to +850(; 14 Lead Plastic DIP 

ICM7556MJD' -550(; to + 125°C 14 Lead Ceramic DIP 

• Add I883B to part number If 8838 processing Is desired. 

ICM7555 (PDlP, SOIC) 
TOP VIEW 

ICM7555 (1'0-99 CAN) 
TOP VIEW 

ICM7556 (PDIP, CDIP) 
TOP VIEW 

GNDOav+ 
~ 2 7 DISCHARGE 

OUTPUT 3 8 THRESHOLD 

1tnIlT 4 5 ~ 

V+ANDCASE 
8 

TfiRRmi 2 6 THRESHOLD 

DISCHARGE 

THR::; 2 

~~3 
iiEsEi' 4 

CAUTION: These devices are sensHiVII to elactrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright e Harris Corporation 1993 7-146 

3 DISCHARGE 

2 THRESH
OLD 

1~ 
o iiEsEi' 

8 TRIGGER 
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Specifications ICM7555 

Absolute Maximum Ratings 
Supply Voltage •••••••••••••••••••••••••••••••.••••• + 18V 
Input Voltage 

Trigger, Control Voltage, Threshold, 
Reset (Note 1 ) •••••••••••••••••••••• V+ +O.3V to GND -0.3V 

Output Current •••••••••••••••••••.•.•••••••••••.•• l00mA 
Power Dissipation (Note 2), ICM7555 ••••••••••••••••• 200mW 
Lead Temperature (Soldering 10 Sec.) ................. +3OOoC 

Operating Conditions 
Operating Temperature Range (Note 2) 

ICM7555CX .•••••••••••••.•••.•••••••••••• ooC to +700 C 
ICM7555IX ••••••••••••••••••...•••••••••• -25°C to +850 C 
ICM7555MX •••••••••.••••••••••••.•.•••• -55°C to + 125°C 

Storage Temperature Range .•••••...••••••••• -65°C to + 150°C 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those Indicated in the operational sections of this specification is not implied. 

Electrical Specifications ICM7555 

ICM7555C, I, M ICM7555M 
TA-+25°C -55°CSTAS+l~C 

PARAMETERS SYMBOL TEST CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Static Supply Current 1+ Voo=5V - 40 200 - - 300 jIA 

Voo= 15V - 60 300 - - 300 jIA 

Monostable Timing Accuracy RA = 10K, C = O.II1F, Voo = 5V - 2 - - - - % 

- - - 858 - 1161 lIS 
Drift with Temp (Note 3) Voo=SV - - - - 150 - ppmtDC 

Voo = 10V - - - - 200 - ppmi"C 

Voo= 15V - - - - 2S0 - ppmtDC 

Drift with Supply (Note 3) Voo = 5V to 15V - 0.5 - - 0.5 - %IV 

Astable Timing Accuracy RA = RB= 10K,C = O.II1F, Voo= 5V - 2 - - - - % 

- - - 1717 - 2323 lIS 
Drift with Temp (Note 3) Voo=SV - - - - ISO - ppmi"C 

Voo= 10V - - - - 200 - ppmi"C 

Voo = 15V - - - - 250 - ppmtDC 

Drift with Supply (Note 3) Voo = SV to ISV - O.S - - O.S - %IV 

Threshold Voltage VTH Voo = ISV 62 67 71 61 - 72 %Voo 
Trigger Voltage VTRIG Voo= ISV 28 32 36 27 - 37 %Voo 
Trigger Current ITRIG Voo= ISV - - 10 - - SO nA 

Threshold Current ITH Voo= ISV - . 10 - - 50 nA 

Control Voltage Vcv Voo = ISV 62 67 71 61 - 72 %Voo 
Reset Voltage VRST Voo = 2V to ISV 0.4 - 1.0 0.2 - 1.2 V 

Reset Current IRST Voo = ISV - - 10 - - SO nA 

Discharge Leakage lOIS Voo = 15V - - 10 - - SO nA 

Output Voltage Drop VOL Voo = ISV, ISINK = 20mA - 0.4 1.0 - - 1.25 V 

Voo = SV,ISlNK = 3.2mA - 0.2 0.4 - - O.S V 

Output Voltage Drop VOH Voo = ISV, ISOURCE = 0.8mA 14.3 14.6 - 14.2 - - V 

Voo = SV, ISOURCE = 0.8mA 4.0 4.3 - 3.8 - - V 

Discharge Output Voltage Drop VOIS Voo = SV,ISINK = ISmA - 0.2 0.4 - - 0.6 V 

Voo = ISV,ISlNK = 15mA - - - - - 0.4 V 

Supply Voltage (Note 3) V+ Functionat Oper. 2.0 - 18.0 3.0 - 16.0 V 

Output Rise Time (Note 3) ~ RL = 10M, CL = 10pF, Voo = SV - 7S - - - - ns 

Output Fall Time (Note 3) tF RL = 10M, CL = 10pF, Voo = SV - 75 - - - - ns 

OSCillator Frequency (Note 3) fMAX Voo = SV, RA = 4700, RB = 2700, - 1 - - - - MHz 
C=200pF 

NOTES: 
1. Due to the SCR structure Inherent In the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 

than V+ +O.3V or less than V- -o.3V may cause destructive latchup. For this reason it Is recommended that no inputs from external sourc
es not operating from the same power supply be applied to the device before its power supply is established. In multiple systems, the 
supply of the ICM755516 must be turned on first. 

2. Junction temperatures should not exceed +135°C and the power dissipation must be limited to 20mW at + 12SoC. Below + 12SoC power 
dissipation may be Increased to 300mW at +2SoC. Derating factor is approximately 3mWfDC (7S56) or 2mWt'C (7S55). 

3. These parameters are based upon characterization data and are not tested. 
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Specifications ICM7556 

Absolute Maximum Ratings 
Supply Voltage .••••••••••.•••.••••••••••••••••••••• +18V 
Input '!Q!!age . 

1!:!SlI!r. Control Voltage. Threshold. 
Reset (Notel) ••••••••••••••.••••••• v+ +O.3V to GND -o.3V 

Output Current .••••••••••••••••••••••••••••••••••• loomA 
Power Dissipation (Note 2). ICM7556 •••••••.••••••••• 300mW 
Lead Temperature (Soldering 10 Sec.) .....••........•• +300"C 

Operating Conditions 
Operating Temperature Range (Note 2) 

ICM7556IX .•••• , ••••••.•..••••••••••••••• -25"C to +85"0 
ICM7556MX ............................. -55"0 to + 125°C 

Storage Temperature Range ••••••.•..•.•••.•. -65"0 to + l5O"C 

CAUTION: Stresses ... /hose IIstsd In "Abso/Uf8 MaxImum Ratings" may cause perm8llBllt damage to the dfwIce. ThIs is a stress only rating and openJtIon 
of the device .t tIHJss or any other conditions abowl /hose Indicated In the opBrationeJ ssctions of this specHlcatlon is not irrJ»ied. 

Electrical Specifications ICM7556. TA• +25"0. Unless Otherwise Specified 

ICM75561.11 ICM7556M 
TA-+25°C -SSOC:S: TA:S: +l25°C 

PARAMETERS SYMBOL TEST CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Stelle Supply Current 1+ Voo=5V - 80 400 - - 600 "" Voo=15V - 120 600 - - 600 "" Monostable Timing Accuracy RA = 10K. C = O.lIlF. Voo = 5V - 2 - - - - % 

- - - 858 - 1161 lIB 
Drift with Temp (Note 3) Voo=5V - - - - 150 - ppmI"C 

Voo= 10V - - - - 200 - ppmI"C 

Voo=15V - - - - 250 - ppmI"C 

Drift with Supply (Note 3) Voo = 5V to 15V - 0.5 - - 0.5 - %IV 

Astable Timing Accuracy RA = RB = 10K. C = 0.11lF. Voo = 5V - 2 - - - - % 

- - - 1717 - 2323 lIB 
Drift with Temp (Note 3) Voo=5V - - - - 150 - ppmI"C 

Voo=10V - - - - 200 - ppmI"C 

Voo = 15V - - - - 250 - ppmI"C 

Drift with Supply (Note 3) Voo = 5V to 15V - 0.5 - - 0.5 - %IV 

Threshold Voltage VTH Voo=15V 62 67 71 61 - 72 %Voo 
Trigger Voltage VTRIG Voo=15V 28 32 36 27 - 37 %Voo 
Trigger Current ITRIG Voo= 15V - - 10 - - 50 nA 

Threshold Current ITH Voo=15V - - 10 - - 50 nA 
Control Voltege Vcv Voo=15V 62 67 71 61 - 72 %Voo 
Reset Voltage VRST Voo = 2V to 15V 0.4 - 1.0 0.2 - 1.2 V 

Reset Current IRST Voo=15V - - 10 - - 50 nA 

Discharge Leakage lOIS Voo= 15V - - 10 - - 50 nA 
Output Voitege Drop VOl. Voo - 15V. ISiNK = 20mA - 0.4 1.0 - - 1.25 V 

Voo = 5V. ISiNK = 3.2mA - 0.2 0.4 - - 0.5 V 

Output Voltege Drop VOH Voo = 15V.lsoURCE = 0.8mA 14.3 14.6 - 14.2 - - V 

Voo = 5V. IsoURCE = 0.8mA 4.0 4.3 - 3.8 - - V 

Discharge Output VoHage Drop VOIS Voo=5V.ISiNK= 15mA - 0.2 0.4 - - 0.6 V 

Voo = 15V. ISINK = 15mA - - - - - 0.4 V 

Supply VoHage (Note 3) V+ Functional Oper. 2.0 - 18.0 3.0 - 16.0 V 

Output Rise Time (Note 3) tR f\ = 10M. OL = 10pF. Voo = 5V - 75 - - - - ns 

Output Fan Time (Note 3) IF RL = 10M. CL = 10pF. Voo = 5V - 75 - - - - ns 
Oscillator Frequency (Note 3) fMAl( Voo = 5V. RA = 4700. RB = 2700. - 1 - - - - MHz 

C=2OOpF 

NOTES: 
1. Due to the SCR structure Inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 

than V+ +O.3V or less than V- -o.3V may cause destructive latchup. For this reason It Is recommended that no inputs from external sourc
es not operating from the same power supply be applied to the device before Its power supply is established. In multiple systems, the 
supply of the ICM7555f6 must be turned on first 

2. Junction temperatures should not exceed +135"0 and the power dissipation must be limited to 20mW at +125"0. Below +125"0 power 
dissipation may be Increesed to 300mW at +25°C. Derating factor Is approximately 3mWI"C (7556) or 2mWI"C (7555). 

3. These parameters are based upon characterization data and are not tested. 
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ICM7555. ICM7556 

Functional Diagram 

R 

V+ 
8 

THRESHOLD 
.----+-1 
5----+ 

CONTROL 
VOLTAGE 

R 

'i'iiiGGEii 
2_---+-1 

R 

1 
QND 

OUTPUT 
DRIVERS 

NOTE: ThIs functional diagram reduces Ihe circuitry down to lis simplest equivalent components. Tie down unused inputs. R = 100kn, :!:20% typ. 

TRUTH TABLE 

THRESHOLD 
VOLTAGE iRiGGEiiVOLTAGE iiEsE'i' OUTPUT DISCHARGE SWITCH 

Don'tC8re Don't Care Low Low On 

>2Js(V+) >1/3(V+) High Low On 

<2Ja(V+) >1/3(V+) High Stable Stable 

Don'lCare <1/3(V+) High High Off 

NOTE: RESET will dominate all olher Inputs: TRIGGER will dominate over THRESHOLD. 

Typical Performance Curves 
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ICM7555, ICM7556 

Typical Performance Curves (Continued) 
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ICM7555, ICM7556 

Typical Performance Curves (Continued) 
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FIGURE 11. FREE RUNNING FREQUENCY AS A FUNCTION OF 
RA,RBANDC 

Application Notes 

General 

The ICM7555/6 devices are, in most instances, direct 
replacements for the NEISE 55516 devices. However, it is 
possible to effect economies in the external component 
count using the ICM755516. Because the bipolar 555/6 
devices produce large crowbar currents in the output driver, 
it is necessary to decouple the power supply lines with a 
good capacitor close to the device. The 7555/6 devices pro
duce no such transients. See Figure 13. 
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FIGURE 10. NORMAUZED FREQUENCY STABIUTY IN THE AS
TABLE MODE AS A FUNCTION OF TEMPERATURE 
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FIGURE 12. TIME DELAY IN THE MONOSTABLE MODE AS A 
FUNCTION OF Rio AND C 

The ICM7555/6 produces supply current spikes of only 
2mA - 3mA instead of 300mA - 400mA and supply decou
piing is normally not necessary. Secondly, in most instances, 
the CONTROL VOLTAGE decoupling capacitors are not 
required since the input impedance of the CMOS compara
tors on chip are very high. Thus. for many applications 2 
capacitors can be saved using an ICM7555. and 3 capaci
tors with an ICM7556. 
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ICM7555, ICM7556 
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FIGURE 13. SUPPLY CURRENT TRANSIENT COMPARED WITH 

A STANDARD BIPOLAR 555 DURING AN OUTPUT 
TRANSITION 

Power Supply ConsideratIons 

Although the supply current consumed by the ICM7555/6 
devices is very low, the total system supply current can be 
high unless the timing components are high impedance. 
Therefore, use high values for R and low values for C in Fig
ures 14 and 15. 

Output DrIve Capability 

The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply volt
ages will equal the supply voltage. At a supply voltage of 
4.5V or more the ICM755516 will drive at least 2 standard 
TTL loads. 

Astable OperatIon 

The circuit can be connected to trigger itself and free run as 
a multivibrator, see Figure 14A. The output swings from rail 
to rail, and is a true 50% duty cycle square wave. (Trip pOints 
and output swings are symmetrical). Less than a 1% 
frequency variation is observed, over a voltage range of +5V 
to +15V. 

1 
f = 1.4RC 

The timer can also be connected as shown in Figure 148. In 
this circuit, the frequency is: 

f = 1.44/(RA +2RS)C 

The duty cycle is controlled by the values of RA and Re, by 
the equation: 

R 

v+ 

10K 

ALTER
t-----NATE 

OUTPUT 

FIGURE 14A. ASTABLE OPERATION 

v+ 

OPTIONAL 
.:; CAPACITOR 

FIGURE 14B. ALTERNATE ASTABLE CONFIGURATION 

Monostable OperatIon 

In this mode of operation, the timer functions as a one-shot, 
see Figure 15. Initially the external capacitor (C) is held 
discharged by a transistor inside the timer. Upon application 
of a negative TRIGGER pulse to pin 2, the internal flip-flop is 
set which releases the short circuit across the external 
capacitor and drives the OUTPUT high. The voltage across 
the capacitor now increases exponentially with a time 
constant t = RAC. When the voltage across the capaCitor 
equals 2/3 V+, the comparator resets the flip-flop, which in 
turn discharges the capacitor rapidly and also drives the 
OUTPUT to its low state. TRIGGER must return to a high 
state before the OUTPUT can return to a low state. 

'oUTPUT. -In (1/3) RAC = 1.lRAC 
v+ 

FIGURE 15. MONOSTABLE OPERATION 
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ICM7555, ICM7556 

Control Voltage 

The CONTROL VOLTAGE terminal ~rmits the two trip 
voltages for the THRESHOLD and TRIGGER internal 
comparators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or even 
inhibition of oscillation, depending on the applied voltage. In 
the monostable mode, delay times can be changed by 
varying the applied voltage to the CONTROL VOLTAGE pin. 

THRE~OLD I n 

CONTROl.. 
VOLTAGE 

R .100kQ ± 2O'J(, (TVP) 

RESEi' 
The RESET terminal is designed to have essentially the same 
trip voltage as the standard bipolar 55516, i.e. O.6V to O.7V. At 
all supply voltages it represents an extremely high input 
impedance. The mode of operation of the RESET function is. 
however, much improved over the standard bipolar 555/6 in 
that it controls only the internal flip-flop, which in tum controls 
simultaneously the state of the OUTPUT and DISCHARGE 
pins. This avoids the multiple threshold problems sometimes 
encountered with slow falling edges in the bipolar devices. 

v+ 

QND 

FIGURE 16. EQUIVALENT CIRCUIT 
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...------.-- CD Type Ordering Information -------, 

Telecom (CD Series) 

Telecom ICs are available In a wide variety of package 
designs. These packages are Identified by suffix letters 
Indicated in the chart below. When ordering Telecom 
devices, it is important that the appropriate suffix letter be 
affixed to the type number as indicated on the price sched
ule. 

PACKAGE CD SERIES 

Dual-In-Une Ceramic Sldebraze D 

Dual-in-Une Plastic E 

Frlt-Seal DuaI-ln-Una Ceramic F 

Plastic Lead Chip Carrier Q 

Small Outline (SOIC) Plastic M 

Extra Value Screening 

Telecom product with extra value screening has an X added 
to the standard type number in the price list, and is also 
branded as such. A white dot wUl indicate location of Pin 1. 

Example: 

A CD22100E witl:! Extra Value screening is designated 
CD22100EX in the price list. It Is branded CD22100EX plus 
a white dot at pin number 1. 
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CMOS 4 x 4 Crosspoint Switch with Control Memory 
March 1993 High-Voltage Type (20V Rating) 

Features Description 
• Low ON Resistance •••••••••• 7S0 ~p. at VDD = 12V 

• "Built-In" Control Latches 

• Large Analog Signal Capability •.••••........• ±VocI2 

• 1 OMHz Switch Bandwidth 

• Matched Switch Characteristics ARoN = 180 ~p. at 
VDD = 12V 

• High Llneerlty - 0.5% Distortion (Typ.) at f = 1 kHz, VIN = 
SVp .... VDD = 10V, and RL = 1kn 

• Standard CMOS Noise Immunity 

• 100% Tested for Maximum Quiescent Current at 20V 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CD22100D -55"C to +12500 16 Lead Ceramic Sidebraze DIP 

CD22100E -4O"C to +65"C 16 Lead Plastic DIP 

CD22100F -55"C to +12500 16 Lead Ceramic Frit Seal DIP 

CD22100 combines a 4 x 4 array of crosspolnts (transmis· 
sion gates) with a 4-line to 16-line decoder and 16 latch 
circuits. Anyone of the sixteen transmission gates (cross· 
points) can be selected by applying the appropriate four line 
address. The selected transmission gate can be turned on or 
off by applying a logical one or zero, respectively, to the data 
input and strobing the strobe input to a logical one. Any 
number of the transmission gates can be ON simultaneously. 
When the required operating power is applied to the 
CD22100, the states of the 16 switches are Indeterminate. 
Therefore, all switches must be turned off by putting the 
strobe high and data in low, and then addressing all switches 
in succession. 

Pinout Functional Diagram 
C022100 

(PDIP) DATA 
TOP VIEW STROBE IN 

X2 VDD 
DATA IN V1 

C Y2 

D X4 

B X3 

A Y4 

STROBE va 
m 
I 

Vas X1 

X1 

CAUTION: These d8\/ices are sensltlw 10 elac:troslalic discharge. Users should follow proper I.C. Handling Procedures. 
CopyrIght 0 Harris Corporation 1993 

15 

V1 

14 
Y2 

10 

va 

11 
V4 

File Number 1076.2 

::E 
0 
U 
W ..... 
W 
I-



Specifications CD22100 

Absolute Maximum Ratings 
Supply Voltage 

(Voltages Referenced to Vss Terminal) ••••••••••• -0.5 to +2OV 
Input Voltage (All Inputs) •••••••.•••.••••••• -0.5 to Voo +O.5V 
Input Current (Any one Input (Note 1» •••••••••••••••••••• tlOmA 
Power DIssipation 

For TA = -40"0 to +6O"C (Package lYPe E) ••••••••••• SOOmW 
For TA = +6O"C to +65"C 
(Package 1We E) .•.•••.• Derate Unearly 12mWI"C to 200mW 
For TA = -55"C to + lOO"C (Package 1We D, F) •.••.••• SOOmW 
For TA = +100"C to +125°C 
(Package 1We D, F) •.•••• Derate Unearly 12mWI"C to 200mW 

Device Dissipation per li'ansmission Gate 
For TA = FuR Package Temperature Range (All Types) •..•• lOOmW 

Junction Temperature. . • • • • • • • • • • • • • • • • • • • . • • • • . • • • + 175°C 
Junction Temperature (Plastic Package) ••.•.•••••••••• +lSOOC 
Lead Temperature (Soldering 10 Sec.) ••.•.....•.•..•.• +3OO"C 

Recommended Operating Conditions 
\ 

operating Temperature Range 
Package 1We D and F •••••••••.•••••.• -55"C S TA S + 125"C 
Package 1We E .•••••••••.••••••••••••• -4O"C S TA S +85"C 

Storage Temperature Range ••.•••••••••••• -65"C S TA S + l5O"C 
Supply Voltage Range 

For TA = Ful Package T8II1JI!I8\IH Range. ..••...•..• . +3'1 to + 18V 

CAUTION: StressBs abo\I8 Ihose lisffld In 'Abso/u/8 Maximum Ratings' may cause permtIIlent damage 10 the device. This Is a sfnlss only tal/ng and opfItalion 

of the dwfce at these or any o/hsr conditions abo ... thoss Indicaffld in the opfItalional SllCtions of this specification is not Implied. 

Static Electrical Specifications Values at -55"C, +25°C, +125"C Apply to D, F, H Packages 
Values at -40"0, +25°C, +85"C Apply to E Package 

TEST 
CONDITIONS LIMITS AT INDICATED TEMPERATURES 

Voo I +25"C 

PARAMETERS SYMBOL FIG. M -55OC -40"C +85"C +125"e I MIN TVP 

CROSSPOINTS 

Quiescent Device 100 Max. 1 5 5 5 150 150 - 0.04 
Current 1 10 10 10 300 300 - 0.04 

1 15 20 20 600 600 - 0.04 

1 20 100 100 3000 3000 - 0.08 

On Resistance RoN Max. Any Switch 11 5 475 500 725 600 - 225 
VIS = Oto Voo 12 10 135 145 205 230 - 85 

- 12 100 110 155 175 - 75 

13 15 70 75 110 125 - 65 

MloN Resistance MloN Between any - 5 - - - - - 25 
two switches - 10 - - - - - 10 

- 12 - - - - - 8 

- 15 - - - - - 5 

OFF Switch Leakage ILMax. All switches 3 18 tlOO tlOOO - tl 
Current OFF, VIS = 18V 

CONTROLS 

Input Low Voltage VILMax. OFF switch - 5 1.5 - -
I~ < 0211A - 10 3 - -

- 15 4 - -
Input High Voltage . VIHMin. ON switch - 5 3.5 3.5 -

-RoN - 10 7 7 -characteristic - 15 11 11 -
Input Current liN Max. Any control 2 18 to.l to.l tl tl - tlers 

VIN =O,18V 

NOTES: 

1. Maximum current through IransmIssion gates (switches) = 25mA. 

2. Determined by minimUm feasible leakage measurement for automatic tasting. 
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MAX UNITS 

5 IIA 
10 IIA 
20 IIA 
100 IIA 
600 n 
160 n 
135 n 
95 n 
- n 
- n 

- n 
- n 

tlOO nA 
(Nota 2) 

1.5 V 

3 V 

4 V 

- V 

- V 

- V 

to.l IIA 



Specifications CD22100 

Dynamic Electrical Specifications T" = +25"C 

TEST CONDITIONS UMITS 

fl8 RL V18 M VDD 
PARAMETERS SYMBOL FIGURE (kHz) (lin) (Note 1) M MIN TYP MAX UNITS 

CROSSPOINTS 

Propagation Delay TIme. t.>HL. fruI 5 - 10 5 5 - 30 60 ns 
(Switch ON) Signal Input to 

10 10 - 15 30 ns Output 
15 15 - 10 20 ns 

CL = 5OpF; fA • IF = 20ns 

Frequency Response (Any f3<18 16 1 1 5 10 - 40 - MHz 
sWitch ON) 

Vos 
Sine wave Input. 20 log V = -3dB 

Is 

Sine Wave Response THO 1 1 5 10 - 0.5 - % 
(Distortion) 

Feedthrough (All switches OFF) FOT 1.6 1 5 10 - -80 - dB 

Sine wave Input 

Frequency for Signal Crosstalk FCT 7 - 1 10 10 

Attenuation of 40dB Sine wave input - 1.5 - MHz 

Attenuation of 11 OdB - 0.1 - kHz 

Capacitance: CIS 

Xn to Ground - - 5-15 - 18 - pF 

Yn to Ground - - 5-15 - 30 - pF 

Feedthrough CIOS - - - - 0.4 - pF 

CONTROLS 

Propagation Delay TIme: tpZH 8 RL= ll1n. 5 - 300 600 ns 

Strobe to Output 
CL=5OpF. 

10 - 125 250 ns 
(Switch Turn-ON to High tR.IF=20ns 

Level) 15 - 80 160 ns 

Propagation Delay TIme: ~ 9 RL = lkn, 5 - 110 220 ns 

Data-In to Output 
CL=50pF. 

10 - 40 80 ns 
(Turn-On to High Level) tR • IF = 20ns 

15 - 25 50 ns 

Propagation Delay TIme: ~ 10 RL= lkO. 5 - 350 700 ns 

Address to Output 
CL = 5OpF. 

10 - 135 270 ns 
(Turn-ON to High Level) tR.IF=20ns 

15 - 90 180 ns 

Propagation Delay TIme: tpHZ 8 RL= ll1n. 5 - 165 330 ns 

Strobe to Output 
CL=50pF. 

10 - 85 170 ns 
(Switch Turn-OFF) IR.IF=20ns 

15 - 70 140 ns 

Propagation Delay TIme: IpzL 9 RL= lkO. 5 - 210 420 ns 

Data-In to Output 
CL= 5OpF. 

10 - 110 220 ns 
(Turn-ON to Low Level) IR.IF=20ns 

15 - 100 200 ns 

Propagation Delay TIme: tpHZ 10 ~=II1n. 5 - 435 870 ns 

Address to Output 
CL=50pF. 

10 - 210 420 ns 
(Turn-OFF) tR. IF=20ns 

15 - 160 320 ns 
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Specifications CD22100 

Dynamic Electrical Specifications TA = +25"C (Continued) 

TEST CONDITIONS LIMITS 

f.. I RL I V .. M VDO 
PARAMETERS SYMBOL FIGURE (kHz) (leO) (Note 1) M MIN TYP MAX UNITS 

Minimum Setup llme fa 8,10 RL = 1kn, 5 - 95 190 ns 
Data-In to Strobe, Address CL =5OpF, 

10 - 25 50 ns 
~,t,:=20ns 

15 - 15 30 ns 

Minimum Hold llme t.I 8,10 RL = 1kn, 5 - 180 360 ns 
Data-In 10 Strobe, Address CL =5OpF, 

10 110 220 ns 
~,t,:=2Ons -

15 - 35 70 ns 

Maximum Switching Frequency fm RL = 1kn, 5 0.6 1.2 - MHz 
CL =50pF, 

10 1.6 3.2 - MHz 
IR,t,:=20ns 

15 2.5 5 - MHz 

Minimum Strobe Pulse Widlh Iw 8 5 - 300 600 ns 

10 - 120 240 ns 

15 - 90 180 ns 

Control Crosstalk, Data-In, 6 Square wave Input; 10 - 75 - mV 
Address or Strobe to Outpul ~,t,:=20ns (peak) 

- I 10 I 10 

Input Capacitance CIN Any Control Input - - 5 7.5 pF 

NOTE: V 
1. Peak-la-peak voltage symmetrical aboul ~D 
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Schematic Diagram 

16 00----_ 

VDO .. ~ 
.. ~ 
.. ~ 
.. ~ 

• 
STROBE 

7 

10 OTHER DECODER 
GATESILATCHES 

DETAIL OF LATCHES 

CD22100 

.~ . 
• 

r---~~--~--~~--015 

Y1 

~--~~~_+--_4--~--~--~_o14 
Y2 

~-+-~-~~~+--~-4--~10 

8 
X1 

1 
X2 

12 
X3 

13 
X4 

Y3 

8000----_ 
Vas 

DETAIL OF TRANSMISSION GATES 

VDO 

• INPUTS PROTECTEDE\----BYCOSIMOS 
PROTECnON 
NETWORK 

Vas 

ADDRESS 

A B C 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

D 

0 

0 

0 

0 

0 

0 

0 

0 

VDO IN VDO 

Q 

OUT 

Vas 

TRUTH TABLE 

ADDRESS 

SELECT A B C D SELECT 

X1Y1 0 0 0 1 X1Y3 

X2Y1 1 0 0 1 X2Y3 

X3Y1 0 1 0 1 X3Y3 

X4Y1 1 1 0 1 X4Y3 

X1Y2 0 0 1 1 X1Y4 

X2Y2 1 0 1 1 X2Y4 

X3Y2 0 1 1 1 X3Y4 

X4Y2 1 1 1 1 X4Y4 
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Metallization Mask Layout 

Test Circuits and Waveforms 

Va -=
FIGURE 1. QUIESCENT CURRENT TEST CIRCUIT 

Vss -= 

CD22100 

Dimensions in parenthesis are in millimeters and are derived 
from the basic Inch dimensions as indicated. Grid graduations 
are In mils (104 Inch). 

Vss 

Vss -

NOTE: 
MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH VOO AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss 

FIGURE 2. INPUT CURRENT TEST CIRCUIT 

Voo Voo 

100 

FIGURE 3. OFF SWITCH INPU:r OR OUTPUT LEAKAGE CURRENT TEST CIRCUIT 
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C022100 

Test Circuits and waveforms (Continued) 

100"" 

~ 
101 

:: :T. _ +2&"C 

104 

10' 

102 

10 
102 

/~ 

Lo' 

.11 I III / III 
VDD-1SV ~ ..... 10V 

10V 

/I.A / 
.~ 

~ SV 

1l1.A II 

1/ - C1.-SOpF 
........ , CL-'SpF 

NOTE: ' 
CLOSE SWITCH S AFTER APPLYING VDD SWITCHING FREQUENCY (Hz) 

FIGURE 4. DYNAMIC POWER DISSIPATION TEST CIRCUIT AND TYPICAL DYNAMIC POWER 
DlSSlPA nON AS A FUNCTION OF SWlTCHING FREQUENCY 

ON 

v--8rr, Vos 

__ •• _ 101e0 y- SOpF 

SW .. ANY CROSSPOINT -=-
STROBE. DATA -IN," VDD 

Vos 

FIGURE 5. PROPAGAnON DELAY TIME TEST CIRCUIT AND 
WAVEFORMS (SIGNAL INPUT TO SIGNAL OUT
PUT, SWlTCH ON) 

ON 

y~~t+t .. 
SW • ANY CROSSPOINT 

OFF 

rl3-t-, Vos 1- £kO 

- -- -

CONTROLS 

V_~, ,'vos 

1kO i L...J tokO 

- -- -
SW '" ANY'CROSSPOINT 

CONTROL VDD -r-( 11' r-
° ~ '~', ~, 

10m: 3' I. ~ I. 
Vos -IOmV 

FIGURE 6. TEST CIRCUIT AND WAVEFORMS FOR 
CROSSTALK (CONTROL INPUT TO SIGNAL 
OUTPUT) 

° T._+2&"C 

40 VDD,"+10V , VIS '" 10Vp.p SINE WAVE 
CL-SOpF 

-40 RL·'kO 

-I-o -> > 
J -80 

iii ~ 

i 
-80 

-100 I 
~ 

~r-
-120 
, 102 

, INPUT SIGNAL FREQUENCY (Hz) 
FIGURE 7. TEST CIRCUIT AND TYPICAL CROSSTALK BETWEEN SW(TCH CIRCUITS IN 

THE SAME PACKAGE AS A FUNCTON OF SIGNAL FREQUENCY 
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CD22100 

Test Circuits and Waveforms (Continued) 

DAT~N 

STROBE 

VDO --i<_ ..... 

STROBE 0 

VDO 
VDO --110--.1 

DAT~N 0 

50pF 

SW. ANY CROSSPOINT 

~ -l CPZH 
--~ 

DAT~N 

SW. ANY CROSSPOINT 
STROBE.VDO 

IPHz 
FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 

(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON ORTURN-OFF) 

VDO 

50pF 

__ i1kn 
VIS~V08 

- J,.50pf 

FIGURE 9. PROPAGAnON DELAY nME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 

ADDRESS. 0 

SW. ANY CROSSPOINT 
STROBE.VDO 

FIGURE 10. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
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CD22100 

Typical Performance Curves 

VDO '" +2.5V, VSS" 4..5V 

~ 
w 300 
(J 

~ 250 
51 
w 

200 a: . z 
P 150 
:I: 

I:! 100 
~ 

50 

~ ...... 
V ~ ~ ,\ TA,,+125°C , 
V ........ V '1,..\ 'I +SOC _ 

r--,. 
V "" ~I ..; 

-55"C- -
I 

0 
-4 -3 4. -1 0 1 2 3 4 

INPUT SIGNAL M 
FIGURE 11. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT VDO = -Vss = 2.5V 

VDO - +7.5V, VSS" -7.SY 

§: 
w 
(J 

150 
z 
j! 
!!! 

125 

III 
w 100 a: 
fz p 75 - TA-+1SOC 

- I 
:I: 

i 50 
.,..- r-... - -+25OC -- - -55°C 

25 

0 
-10 -7.5 -& -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL M 
FIGURE 13. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT VDO = -Vss = 7.5V 

VDO,,10V 
TA,,+25oC 

10 
~ 
w 

8 
~ 
'-' STROBE.VDO g 

6 
I-

~ 
::> 

VDO ... 
I-
::> 4 0 SW Vos 

2 
VIS RL 

-=- Vss 

0 2 4 8 8 10 

INPUT VOLTAGE M 
FIGURE 15. TYPICAL SWITCH ON TRANSFER CHARACTERIS

TICS (1 OF 16 SWITCHES) 
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VDO 8 +sv, Vas _-&V 

/ " -" "" TA,"+125OC 
I 

,-. i""oo.". +25OC 

"".. 
'-" 

~ I - -&SOC 

I 
o 

-10 -7.5 -& -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL M 
FIGURE 12. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT VDO " -Vss = SV 

TA8+SOC 

~ 
w 
(J 
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~ 250 
!!! 
III 
w 200 a: . z 
0 150 . 
:I: 

VDO" +2.SY, VSS" 4..5V i--

I h 
/ \ , 

i 100 

50 

0 

~ -... ....... :i5V ~ 
±7.51-

-10 -7.5 -& -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL M 
FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT TA .. +~C 

TA-.asoC, VDO"+SV, Vss.~ I I VIS'" SYp.p8 SINE WAVE 1.77VRIIS 
CL-1I1pF Cros-OApF 
VDATA-IN-+5V 

RL'"tMn II I ~~ 1 Vos(RMS) 
1~1- flS SW r:.-l 

11m ~ RL ~ CL 

I :: -=-
RF VOLTMETER .~ 
BOONTON RADIO 
MODELI1-CA 
OREQUI't 

o 
1~ 1~ 1~ 1~ 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 16. TYPICAL SWITCH ON FREQUENCY RESPONSE 
CHARACTERISTICS 



CD22101, CD22102 

March 1993 

Features 
• Low ON Resistance ••••••••••• 75V Typ. at VDD = 12V 

• "Built· In" Latched Inputs 

• Large Analog Signal CapabilHy ...•.••.••...•. ±VDr12 

• SwHch Bandwidth •••••••••••••••••••••••• 10MHz 

• Matched SWItch Characteristics ARoN = an Typ. at VDD .. 12V 

• High Unearlty· 0.25% Distortion (Typ.) at f = 1kHz, VIN .. 
5Vp-p, VDD • Vss = 10V, and RL = 11dl 

• Standard CMOS Noise Immunity 

Applications 
• Telephone Systems 

• PBX 

• Studio Audio SWitching 

• MuHlsystem Bus Interconnect 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE 

CD22101E -4()OC to +85"0 

CD22101F ·55"0 to +125"C 

CD22102E -40"C to +85°C 

CD22102F -55"0 to + 125"C 

Pinouts 
CD22101 

24 LEAD (PDIP, CDIP) 
TOP VIEW 

--".---~ 

VDD 

A 

X2 

Y2 

X4 

X3 

Y4 

Y3 

Xl 

DATA 

STROBE 

PACKAGE 

24 Lead Plastic DIP 

24 Lead Frit Seal Ceramic DIP 

24 Lead Plastic DIP 

24 Lead FrIt Seal Ceranic DIP 

CD221 02 
24 LEAD (PDIP, CDIP) 

TOP VIEW 

B Voo 
C A 

X2' X2 

Y1' Yl 

Y2' Y2 

X4' X4 

X3' X3 

Y4' Y4 

Y3' Y3 

Xl' Xl 

D IC.\ 
Vas ICe 

CMOS 4 X 4 X 2 Crosspoint Switch 
with Control Memory 

Description 
CD22101 and CD22102 crosspoint switches consist of 4 x 
4 x 2 arrays of crosspoints (transmission gates) with a 4-
line to 16-line decoder and 16 latch circuits. Anyone of the 
sixteen crosspoint pairs can be selected by applying the 
appropriate four-line address, corresponding crosspoints in 
each array are turned on and off simultaneously. Any num
ber of crosspoints can be turned on simultaneously. 

In the CD22101, the selected crosspoint pair can be turned 
on or off by applying a logical ONE or ZERO, respectively, 
to the data Input, and applying a ONE to the strobe input. 
When the device is "powered up", the states of the 16 
switches are indeterminate. Therefore, all switches must 
be turned off by putting· the strobe high, data-In low, and 
then addressing all switches in succession. 

The selected pair of crosspoints in the CD22102 is turned 
on by applying a logical ONE to the ~ (set) input while a 
logical ZERO Is on the Ke Input, and turned off by apply
Ing a logical ONE to the KB (reset) Input while a logical 
ZERO is on the KA input. In this respect, the control 
latches of the CD22102 are similar to SETIRESET flip
flops. They differ, however, in that the simultaneous appli
cation of ONE's to the KA and KB inputs turns off (resets) 
all crosspoints. All crosspoints in both devices must be 
turned off as Voo is applied. 

Functional Diagram 

1/1 
I/) 
w 

I 

CONTROL 
,-A-. 

1& 

OUT (IN) 

~ 
IN (OUT) 

CAUTION: These devices are sansHIw 10 alectroslatic discharge. u... should IDlIow prcpar I.e. Handling Procedures. File Number 2871.1 
Copyright@HarrisCorporation 1993 
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Specifications CD22101, CD22102 

Absolute Maximum Ratings 
Supply Voltage (V DO) 

(Voltages referenced to Vss Terminal) •••••••••••• ..(l.5 to +20V 
Input Voltage (All Inputs) , •••••••••••••••••• ..(l.5 to Voo +O.5V 
Input Current (Any One Input) (Note 1) •.•......•......... ±10rnA 
Power Dissipation 

For TA = 4O"C to +6O"C (Package "tYpe E) .••.••..•.. 500mW 
For TA = +6O"C to +85°C 
Package Type E) •..•••.• Derate Unearly 12mWfC to 200mW 

For TA = -5500 to +1 OO"C (Package "tYpe D, F) •••••••• 500mW 
For TA = +10000 to +1250 C 
(Package Type D, F) .•••. Derate Unearly 12mWfC to 200mW 

Device Dissipation per Output Transistor 
For TA = Full Package TemperabJre Range (AII1}tpes) ••.•• l00mW 

Junction Temperature ••••.••••.•.•...•.••.....•...• +175°C 
Junction Temperature (Plastic Package) •••..••.••..••. +15O"C 
Lead TemperabJre (Soldering 10 Sec.) ..............•.. +300"C 

Recommended Operating Conditions 
Operating Temperature Range 

Package Type D, F, H ..•........••.••.•. -5500 S TA S +125°C 
Package "tYpe E •••••••..•..•..•.•••.••. 4O"C S TA S +85°C 

Storage TernperabJre Range ••...•.•••••••• -6500 STAS +15O"C 
Sl4lPiy Voltage Range 

ForTA= Ful Package~ Range. •••••••••••• +3Vto+18V 

CAUTION: Slresses abOVll lhose listed in ·Absolute Maximum Ratings· may cause permenenl damage 10 the davies. This is a stress only taling and opetalion 
of the device ., these or any other conditions above those/ndicaled in the opetalional sections of this specification Is nol impHed. 

Static Electrical Specifications Values at -5500, +250 C, + 125°C Apply to D, F, H Packages 
Values at 4O"C, +25°C, +8500 Apply to E Package 

TEST 
CONorTlONS LIMITS AT INDICATED TEMPERATURES 

Voo I +~C 

PARAMETERS SYMBOL FIGURE (V) -55°C -40"C +85"C +1~1 MIN TYP 

CROSSPOINTS 

Quiescent Device 100 Max. 1 5 5 5 150 150 - 0.04 
Current 1 10 10 10 300 300 - 0.04 

1 15 20 20 600 600 - 0.04 

1 20 100 100 3000 3000 - 0.08 

On Resistance RoN Max. Any Switch 14 5 475 500 725 800 - 225 
VIS=Oto 15 10 135 145 205 230 - 85 
Voo - 12 100 110 155 175 - 75 

16 15 70 75 110 125 - 85 

60N Resistance ARoN Between any two 5 - - - - - 25 
switches 10 - - - - - 10 

12 - - - - - 8 

15 - - - - - 5 

OFF Leakage Current ILMax. All switches 4 18 ±1000 - ±1 
OFF, 
VIS = 18V 

CONTROLS 

Input Low Voltage VILMax. OFF switch IL < 0.2JlA 5 1.5 - -
10 3 - -
15 4 - -

Input High Voltage VIHMin. ON switch see RoN 5 3.5 3.5 -
characteristic 10 7 7 -

15 11 11 -
Input Current liN Max. Any control 2 18 ±0.1 ±0.1 ±1 ±1 - ±1o-s 

VIN =O,18V 

NOTE: 
1. Maximum current through transmission gates (switches) = 25rnA. 

2. Determined by minimum feasible leakage measurement for automatic testing. 
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MAX UNITS 

5 JlA 

10 JlA 

20 JlA 
100 JlA 

600 Q 

180 Q 

135 Q 

95 Q 

- Q 

- Q 

- Q 

- Q 

±100 nA 
(Note 2) 

1.5 V 

3 V 

4 V 

- V 

- V 

- V 

to.l JlA 



Specffications CD22101, CD22102 

Dynamic Electrical Specifications TA = +25"C 

TEST CONDmONS UMITS 

f .. RL V .. (V) VDD 
PARAMETERS SYMBOL FIGURE (kHz) (k.Q) (Note 3) (V) MIN TYP MAX UNITS 

CROSSPOINTS 

Propagation Delay Time, (Switch ~L'lru! 5 5 5 - 30 60 ns 
ON) Signal Input to Output - 10 10 10 - 15 30 ns 

15 15 - 10 20 ns 

CL = 5OpF; '" , ." = 20ns 

Frequency Response (Any switch fadB 19 1 1 5 10 - 40 - MHz 
ON) 

VOS 
Sine wave input, 20 log V- = -3dB 

IS 

Sine Wave Response (~istortion) THO - 1 1 2.5 5 - 1 - 0/0 

1 1 5 10 - 0.25 - 0/0 

1 1 7.5 15 - 0.15 - 0/0 

Feedthrough (All switches OFF) For 13 1.6 0.6 2 (Nola 4) 10 - -96 - dB 

Sine wave input 

Frequency for SIgnal Crosstalk Fer 12 - 0.6 1 (Note4) 10 

Attenuation of 40dB - 2.5 - MHz 

Attenuation of 95dB SIne wave Input 0.1 kHz 

Capacitance: 

XN to Ground CIS - - - - 25 - pF 

YN to Ground - - - - 60 - pF 

Feedthrough CIOS - - - - 0.6 - pF 

CONTROLS 

Propagation Delay Time: High ~,tP2L 6 ~ = 1kf.1, CL = 5OpF, 5 - 500 1000 ns 
Impedance to High Level or Low ", • .,,=2Ons 
LBVel 

Strobe to Output, C022101 10 - 230 460 ns 

15 - 170 340 ns 

Data-In to Output, C022101 ~,tP2L 7 ~ = 1kf.1, CL = 5OpF, 5 - 515 1000 ns 
"',.,,=2Ons 10 - 220 440 ns 

15 - 170 340 ns 

~ to Output, C0221 02 ~,tP2L - ~ = 1kf.1, CL = 5OpF, 5 - 500 1000 ns 
"', ",=2Ons 10 - 215 430 ns 

15 - 160 320 ns 

Address to Output "-zH, IPZL 8 RL = 1kf.1, CL = 5OpF, 5 - 480 960 ns 
C022101, C022102 ""tF=2Ons 

10 225 450 - ns 

15 - 155 300 ns 
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Specifications CD22101, CD22102 

Dynamic Electrical Specifications TA = +25"C (Continued) 

TEST CONDITIONS UMITS 

f. I RL I V.M VDD 
PARAMETERS SYMBOL FIGURE (kHz) (kCl) (Note 3) M MIN TYP MAX UNrr9 

CONTAOLS (Continued) 

Propagation ~elay Time: High Level fAIz. tPlZ 6 AL = lkCl, CL = 5OpF, 5 - 450 900 ns 
or Low Level to High Impedance ~,"'=2Ons 

Strobe to Output, C022101 10 - 200 400 ns 

15 - 135 270 ns 

Kg to OUtput, C0221 02 1pHZ, tPlZ - At = lkn, CL = 5OpF, 5 - 450 900 ns 
~,tF=2Ons 

10 - 200 400 ns 

15 - 130 260 ns 

Data-In to OUtput, C022101 IpHZ,IpLZ - AL = lkn, CL = 5OpF, 5 - 450 900 ns 
~,tF=2Ons 

10 - 165 330 ns 

15 - 110 220 ns 

KA• Kg to Output, C0221 02 fAIz. ""-z - At = lkn, CL = 5OpF, 5 - 280 560 ns 
~,tF=2Ons 

10 - 130 260 ns 

15 - 90 180 ns 

Address to OUtput fAIz. ""-z 8 At = 1 kn, CL = 50pF, 5 - 425 850 ns 
C022101, C022102 ~,"'=20ns 

10 190 380 ns -
15 - 130 260 ns 

Minimum Strobe Pulse Width, tw 6 AL = 1kn, CL = 5OpF, 5 - 260 500 ns 
C022101 ~,"'=2Ons 

120 240 10 - ns 

15 - 80 160 ns 

Address to Strobe Setup 01' Hold Isu.~ 9 AL = lkn, CL = 5OpF, 5 - -160 0 ns 
Times, C022101 ~,"'=2Ons 10 -70 0 - ns 

15 - -50 0 ns 

Strobe to Data-In Hold Time, ~HL'~LH 10 At = lkn, CL = 5OpF, 5 - 200 400 ns 
C022101 ~,"'=2Ons 

80 160 10 - ns 

15 - 60 120 ns 

Address to KA and Kg Setup or Hold tsu,~ - AL = lkn, CL = 5OpF, 5 - -160 0 ns 
Times, C022102 ~,"'=2Ons 

10 -70 0 - ns 

15 - -50 0 ns 

Minimum KA • Kg Pulse Width, tw - AL = lkn, CL = 5OpF, 5 - 375 750 ns 
C022102 ~,"'=2Ons 10 - 160 320 ns 

15 - 110 220 ns 

Minimum ~ Pulse Width, C0221 02 tw - AL = 1 kn, CL = 5OpF, 5 - 425 850 ns 
~,"'=2Ons 

10 - 175 350 ns 

15 - 120 240 ns 

Minimum Kg Pulse Width, C022102 tw - AL = lkn, CL = 5OpF, 5 - 200 400 ns 
~,"'=2Ons 

10 - 90 180 ns 

15 - 70 140 ns 
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Specifications CD22101, CD22102 

Dynamic Electrical Specifications TA = +25"C (ContInued) 

TEST CONDITIONS UMITS 

f. l RL I VII(V) VDD 
PARAMETERS SYMBOL FIGURE (kHz) (kn) (Note 3) (V) MIN TYP 

CONTROLS (Continued) 

Control Crosstalk, Data-In, Address 11 100 I 10 I 5 - 75 
or Strobe to Output 

Square wave Input = 5V, 
lA, 1,: = 2Ons, Rs = 1kn 

Input Capacitance CIN Any Conlrollnput I - - 5 

NOTE: V 
3. Peak-lo-peak voltage symmetrtcal about ~D ,unless olherwlse specified. 

4. RMS 

Functional Block Diagram 

CD22102 
ONLY . 

Ita 

CD22101 
ONLY . 

* 23 
A 

* B 

ADDRESS 1. 

* 2 
C 

* 11 
D 

* INPUTS PROTECTED 
BYCOS/MOS 

. PROTECTION 
NElWORK 

. 
KA 

18 

VDD 

Vas 
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r ______________________________ _ , , 
! : 21 Y1 , , , , , , , , , , , , , , , , 
: , , , 

,..-+-..... -t-..... -t-...... -t--+--Y2 :20 , 
: 

r--f-..... -t-1-+-.... +-i:!-- Y3 : 1. , 
: 

r--f-..... -+-1-+-.... +-i'~Y4 

X1 X2 n X4 

SIGNALS IN (OUT) rc---------r---------------------. 
~ , Y1' 
~ ~ 4 , , , , , 

,..-+-..... -t-..... -t-...... -t--+-- Y2' 
: 5 , , , 

r--f-..... -t-1-+-.... +~:~~ 
: , , , , 
, y4' 
: 8 , , , 

.. ---- ---_. --! 
10 3 7 • 

X1' X2' n' X4' 
SIGNALS IN (OUT) 

MAX UNITS 

- mV 
(peak) 

7.5 pF 

SIGNALS 
OUT (IN) 

SIGNALS 
OUT (IN) 



CD22101, CD22102 

Schematic Diagram 

24000----_ 

VDD 

i 
i 
c""--'-=~-

6 

TO 15 OTHER TO 15 OTHER 
NANDS LATCHS 

* .. I 
1 : [>~. KA (SET) Ka (RESET) 

. B' 14' 13 i 

......... ..I...r i 

8 

120.0----_ 

Vss 

Voo 

*INPUTSPROTECTgD _ .. ____ .. . BYCOSIMOS 
PROTECTION . 
NETWORK 

Vss 

ADDRESS 

A B C 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

O· 0 1 

1 0 1 

0 1 1 

1, 1 1 

D 

0 

0 

0 

0 

0 

0 

0 

0 

C022101 

T0150THER 
LATCHS .. 

CD22102 

D 

DETAIL OF LATCHES 

III 

Q III 

DECODER TRUTH TABLE 

SELECT A 

X1Y1 and X1'Y1' 0 

X2Y1 and X2'Y1' 1 

X3Y1 and xa'Y1' 0 

X4Y1 and X4'Y1' 1 

X1Y2 and X1'Y2' 0 

X2Y2 and X2'Y2' 1 

X3Y2 and xa'Y2' 0 

X4Y2 and X4'Y2' 1 

8·17 

..... __ ...... __ ... ___ ... --021 ( 4 ) 
Y1 Y1' 

1& 

X1 

(~~, ) 

22 
X2 

(~,) 

.18 
X3 

(~,) 

16 

Y3 (Y~') 

111 
X4 

(X~, ) 

DETAIL OF TRANSMISSION GATES 

Voo IN Voo 

OUT 

Vss 

ADDRESS 

B C D SELECT 

0 0 1 X1Y3 and X1'Y3' 

0 0 1 X2Y3 and X2'Y3' 

1 0 1 X3Y3 and X3'YS' 

1 0 1 X4Y3 and X4'Y3' 

0 1 1 X1Y4 and X1'Y4' 

0 1 1 X2Y4 and X2'Y4' 

1 1 1 X3Y4 and X3'Y4' 

1 1 1 X4Y4 and X4'Y4' 



FUNCTION 

SwItch On 

Switch Off 

No Change 

1 = High Level 

FUNCTION 

Switch On 

Switch Off 

All Switches 
Off (Note 5) 

No Change 

1 = High Level 

NOTE: 

A 

1 

1 

X 

A 

1 

1 

X 

X 

CD22101, CD22102 

CONTROL TRUTH TABLE FOR CD221 01 

ADDRESS 

B C D STROBE DATA SELECT 

1 1 1 1 1 15 (X4Y4) and 15' (X4'Y4') 

1 1 1 1 0 15 (X4Y4) and 15' (X4'Y4') 

X X X 0 X XXXX 

0= Low Level X=Don'tCare 

CONTROL TRUTH TABLE FOR CD22102 

ADDRESS 

B C D K" Ka SELECT 

1 1 1 1 0 15 (X4Y4) and 15' (X4'Y4') 

1 1 1 0 1 15 (X4Y4) and 15' (X4'Y4') 

X X X 1 1 All 

X X X 0 0 XXXX 

0= Low Level X = Don't Care 

5. In the event that K" and Ks are changed Irom levels 1, 1 to 0, 0 Ks should not be allowed to go to 0 before K", 
otherwise a switch which was off will Inadvertently be turned on. 

Metallization Mask Layout 

Dimensions in parenthesis are In millimeters and are derived 
from the basic Inch dimensions es Indicated. Grid graduations 
are In mils (104 Inch). 
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CD22101, CD22102 

Test Circuits and Waveforms 

VDD 

o 
Vss 

FIGURE 1. QUIESCENT CURRENT TEST CIRCUIT 

ClK 
CLK 

NOTE: 
CLOSE SWITCH S AFTER APPLYING VDD 

~ 
w 

! 
~ 
a: 
w 
A. 

~ ; 
A. 
ill 
til 
is 
a: 
w 

~ 

VDD 

~ 
o 

Vss 

NOTE: 

VDD 

MEASURE INPUTS SEQUENTIALLY TO BOTH VDD AND Vss 
CONNECT AU. UNUSED INPUTS TO EITHER VDD OR Vss 

FIGURE 2. INPUT CURRENT TEST CIRCUIT 

10' 
~ TA-+25°C 

1~ 

103 

102 

10 
102 

II I III / 
VDD,,1SV A 

10V 
II I /.~ / 
10V ,A 

/~ / ,SV, -

~.AI ~ - CL .. SOpF 

IL, " 
IIIIIUII CL .1SpF 

103 10. 105 10· 

SWITCHING FREQUENCY (Hz) 

FIGURE 3. DYNAMIC POWER DISSIPAnON TEST CIRCUIT FOR CD22101AND TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCnON OF SWITCHING FREQUENCY 
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CD22101, CD22102 

Test Circuits and Waveforms (COntinued) 

= Vss 

ON 

V18-8-n": Vos 

1CJkg~6OpF 

Vos 

SW. ANY CROSSPOINT 
STROBE. DATA -IN. VDD 

FIGURE 4. OFF SWITCH INPUT OR OUTPUT LEAKAGE 
CURRENT TEST CIRCUIT (16 OF 32 SWITCHES) 

FIGURE 5. PROPAGATION DELAY nME TEST CIRCUIT AND 
WAVEFORMS (SIGNAL INPUT TO SIGNAL 
OUTPUT, SWITCH ON) 

DATA-IN 

STROBE 

VDD-t..-..... 

STROBE 0 

VDD 
VDD--W_"'" 

DATA-IN 0 

60pF 

SW. ANY CROSSPOINT 

VDD 
Vos 

~ -i CPZH 

-~ 

DATA~N 

f 

SW. ANY CROSSPOINT 
STROBE.VOO 

FIGURE 6. PROPAGAnON DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN·ON OR TURN-OFF) 

SOpF 

FIGURE 7. PROPAGATION DELAY nME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 
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CD22101, CD22102 

Test Circuits and Waveforms (Continued) 

ADDRESS.O ADDRESS. 1 

50pF 

SW .. ANY CROSSPOINT -
STROBE.Voo 

Voo --Ir-t-\, 
DATMN 

o 

o 

Voo 
V082 

o 

FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 

3Qt~ 
n 

\ , 
r\ 

ADDRESS 

X K 
OUTPUT OF SWITCH 
ADDRESSED 

NOTE: 
IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHOAT, 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF 
SIMULTANEOUSLY WITH THE ADORESSED SWITCH 

NOTE: 
SET ALL SWITCHES TO OFF INmALLY APPLY VDD 
TO ALL X INPUTS AND RETURN ALL Y OUTPUTS TO 
VSS THROUGH 1 lin ADORESS X1Y2 (ABCD) WITH ' .. _10kHz 

FIGURE 9. ADDRESS TO STROBE SETUP AND HOLD TIMES FIGURE 10. STROBE TO DATA·IN HOLD TIME Itt, FOR CD22101 

CONTROLS 

X(N)~Y(N) 
1ka i L-J f 0ka 

- -- -
SW. ANY CROSSPOINT 

~ 
Voo-~ ., r-

CONTROL O...J L...J L...J 

FIGURE 11. TEST CIRCUIT AND WAVEFORMS FOR CROSSTALK (CONTROL INPUT TO SIGNAL OUTPUT) 
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CD22101, CD22102 

Test CircuIts and Waveforms (Continued) 

SW. ANY CROSSPOINT 

OFF 

r8-r VOI eooo1-11000 

- -- -

ID ... 

·140 

.120 

II .100 

~I!! > > -10 

J 
iii 

i 
o 

I 
TA-+ZSOC -Rs-I000 
RL-IOOO 
V._1V_ -

VDO-5V~ ~ 
1OV:! 

'. '" '. 
15V( '. ". 

102 10' 
INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 12. TEST CIRCUrr AND TYPICAL CROSSTALK AS A FUNCTION OF FREQUENCY BETwEEN SWrrCH CIRCUITS IN THE 
SAME PACKAGE ; 

ID ... 
II 

~~v~ mlm 
6000 '" S=CH 800Q 

o -> > 
J 
iii 

~ -=- :I: 

VOS g 
ISOLATION (dB) - 20 LOG VIS Ii! 

~ 
w 
~ 

·140 

·120 

·100 

-10 

.. 0 

-40 

-20 
102 

TA-+ZSOC 
Rs _1000 ---1---+----1 
RL-8OOQ 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 13. TEST CIRCUrr AND TYPICAL FEEDTHROUGH AS A FUNCTION OF FREQUENCY (ANY OFF SwrrCH) 
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CD22101, CD22102 

Typical Performance Curves 

VDD - ..a.sY, Vss _-2.&V 
360 

g 
w 300 
u 

~ 
II 

250 

w 200 II: . z 
P 1&0 
:z: 

~ 100 

&0 
-&&"c 

0 
-2 -1 0 2 

INPUT SIGNAL M 
FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT VDD = -Vas = 2.5V 

100 

g 
w 78 
II! 
;!! 
II 
w 

80 II: 

iI: 
P 

VDD" +7.SY, Vas - -7.sY I I I 
I ...... r"\ TA,,+125"C 

"" ~ 

~ 
I 

I ...... +25oC 

~ ~ -r-. i'oo... 
-&&"c --:z: 

u 

i 25 

o 
-10 -8 -8 -4 -2 0 2 4 • • 10 

INPUT SIGNAL M 
FIGURE 16. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT VDD =-Vas = 7.5V 

o 2 4 • 8 10 

INPUT VOLTAGE M 
FIGURE 18. TYPICAL SWITCH ON TRANSFER 

CHARACTERISTICS (1 OF 16 SWITCHES) 

VDD-+6Y, Vas • .oV 
175 

g 

i 
1&0 

125 
1/1 
ill 
II! 100 .-- ............... -
~ . 75 
:z: 
U 

&0 i 

_ ............... TA-+125OC 

~ +25OC 
........ - -OSOc ........ 

25 

0 
-4 -2 0 2 4 

INPUT SIGNAL M 
FIGURE 15. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT VDD = -Vas = 5V 

400 
TA"+ZSOC 

360 
g 
w 300 

i 250 
II w 200 II: . 
P 150 

i 100 

&0 

0 

VDD • +2.sY, Vas - -2.5V 

f\ 

I 1 
I \ - 1§V 

±7.5j -

-10 o 5 10 

INPUT SIGNAL M 
FIGURE 17. TYPICAL ON RESISTANCE AS A FUNCTION OF 

INPUT SIGNAL VOLTAGE AT TA = +~C 

o ~~~~~~~~~~~~~~~~ 
1~ 1~ 1~ 1~ 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 19. TYPICAL SWITCH ON FREQUENCY RESPONSE 
CHARACTERlSncs 
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an HARRIS \KJ SEMICONDUCTOR CD22103A 
March 1993 

CMOS HDB3 (High Density Bipolar 3) Transcod~r 
for 2.04818.448 Mb/s Transmission Applications 

Features 
• HDB3 Coding and Decoding for Data Rates from 

SOKbfs to 10Mbfs In a Manner Consistent with 
ccm G703 Recommendations 

• HDB3IAMI 1i'ansmlsslon Codlng/Receptlon 
Decoding with Code Error Oatection Is 
Performed In Independent Coder and Decoder 
Sections 

Description 
The CD22103A is an lSI SOS iltegrated circuit which pelbrms the 
HDB3 transmission coding and reception decoding funCtions with error 
.deIection. It is used iI 2.048Mb's and 8.448Mb's transmission lIPPIica
tions. The CD22103A pelbrms HDB3 coding and decoding for data 
rates from 50KIYs to 10Mb's il a manner consistent with CCITT G703 
recommendations. . . 

HDB3 transmission codiVreception cIecocIing with code error deIecIion 
is performed in ildepencient coder and ~ sections. AI transmitter 

• A1ll1'ansmltterand Receiver InputslOutputs are and receiYar inputsIouIputS 818 TTl compatible. 
TTL Compatible 

• Internal Loop 18at capability 
The HDB3 transmitter coder codes an NRZ binary U'lipolar input siglaI 
(NRZ-IN) and a synchronous transmission clock (CTX) into tw:l HDB3 . 
binary unipolar RZ ouIput siglals (+HDB3 OUT, -HDB3 OUT). The TTl 
compatible output siglals +HDB3 OUT, -HDB3 OUT are. extemally miled 
to generate ternary bipolar HDB3 siglaIs for driving transmission liles. 

• Pin lind Functionally Compatible with Type 
MJ1471 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE 

CD22103AD -55"q to +125"C· 

CD22100AE -4O"C to +85"0 

Pinout 
CD22103A 

(PDIP, CDIP) 
TOP VIEW 

NRZ-IN 

C1X 

HDB3/AMI 

NRZ-DUT 

CAl( 

i!illi 

AlS 

Vss 

PACKAGE 

The receiver decoder COI'N9rts binary unipolar inputs (+HDB3IN, -HDB3 
IN), which ware ext8maIly split from ternary bipolar HDB3 sigl8ls, and a 
synchronous clock siglaI (CRX) into binary unipolar NRZ siglals (NRZ
OUT). 

16 Lead Ceramic Side- The CD221 03A operates with a 5V ±10% power supply wllage OII8I'the 
fuR military temperature range at data rates from SOKb's.l4' to 10Mb's. braze DIP 

16 Lead Plastic DIP 

Block Diagram 

HDB3/AMI 

C1X +IIDB3 OUT 

VDD 
N~N ·HDB30UT 

+HDB30UT CKR 

-HDB3OUT 
LTE 

+IIDB3IN 

LTE +IIDII3IN 

·HDB3IN RECEIVER 
NRZ-OUT DECODER 

CKR -HDB3IN 
CRX 

ERR 

ERR 

AIS 
RAiS 

CAUTION: These d8\licaa are ilensillve to elactroslatic discharge. Users should follow propar I.e. Handling Pr6cedurea File Number 1310.2 
Copyright @ Harris Corporation f993 
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Specifications CD22103A 

Absolute Maximum Ratings 
Supply Voltage (Voo) 

(Voltages referenced to V ss Terminal) ••••.•....••• -0.5 to +8V 
Input Voltage (All Inputs) •••••..••..•••••••• -0.5 to Voo +O.5V 
Input Current (Any One Input) •••••••••.••••••••••••••••• ±10mA 
Power Dissipation 

For TA = -4(fC to +8OOC (Package 1YPe E) ••••••••••. 500mW 
For TA = +8O"C to +85"C 
(Package 1YPe E) •••.•••• Derate Unearly 12mWI"C to 200mW 
ForTA= -55"C to +100"C (Package ~pe D) •••••••••. 500mW 
ForTA = +100"C to +125°C 
(Package lYP& D) •••••••• Derate Unearly 12mWI"C to 200mW 

Device Dissipation per OUtput Transistor 
ForTA= Full PackageTernperature Range(AII~) ••••• 100rnW 

Junction Temperature ••••.•.•••••.••••.••••.••••••• +175"C 
Junction Temperature (Plastic Package) ••••••.....•••• +15O"C 
Lead Temperature (Soldering 1 0 Sec.) ..••.•.•....•••.. +3OO"C 

Recommended Operating Conditions 
operating Temperature Range 

Package 1YPe D •••.•.••••...•••.•••••• -55"C ~ TA ~ + 125"C 
Package 1YPe E ••••••••••••.••.••••••.. -4O"C ~ TA ~ +85°C 

Storage Temperature Range •••••.•.•••••.. -65"C ~TA~ +15O"C 
Sl4lPIY Voltage Range 

For TA = Ful Package TIJR1)EIIature Range ••••••••••• +4.5V to +5.5V 

CAUTION: stresses &bow IhosB listed In "Absolute MaxImum Ratings" may cause permanent damallfl to IhB dtwfce. ThIs Is a slnJss only ra/Jng and operation 
of the dBvIcs at these or any other conditions abo .. those indicated in IhB apBllltIonaI sea/Jons of /his speifica/km Is not imp/iBd. 

Static Electrical Specifications Voo = 5V ±10%. TA = +25"C 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Quiescent Device Current 100 - - 100 pA 

Operating Device Current tCl = 10MHz . - - 8 rnA 

HDB3 Output Low (Sink) Current lOLl VOL =0.5V 1.8 - - rnA 

HDB3 Output High (Source) Current IOHI VOH=2.8V -10 - - rnA 

All Other Outputs Low (Sink) Current 101.2 VOL =0.5V 1.6 - - mA 

All Other Outputs High (Source) Current IOH2 VOH=2.8V -1.6 - - rnA 

Input Low Current IlL - - -1 pA 

Input High Current IIH - - 1 pA 

Input Low Voltage V1L - - 0.8 V 

Input High Voltage V1H 2 - - V 

Input Capacitance liN - - 5 pF 

Dynamic Electrical Specifications TA = -4(fC to +85"C for Plastic Package; -SSOC to + 125"C for Csramlc Package; Voo = +4.5V 
to +5.5V; CL = 15pF 

LIMITS I 
PARAMETERS SYMBOL FIGURE MIN I TVP MAX I UNITS 

INPUT 

CTX. CRX Input Frequency tCTJ(. fCAl( 0.05 - 10 MHz 

CTX. CRX Input Rise Time ~ 3 - - 1 lIS 
FaUTime ,,"CL 3 - - 1 lIS 

NRZ-IN to CTX -
Data Setup Time Is 3 15 - - ns 

Data Hold Time Itl 3 15 - - ns 

HDB3 IN to CRX -
Data Setup Time Is 4 15 - - ns 

Data Hold Time Itl 3 0 - - ns 
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Specifications CD22103A 

Dynamic Electrical Specifications TA = -40"C 10 -Hl50C for Plastic Package; -55°C 10 +125°C lor Ceramic Package; Voo = +4.5V 
10 +5.5V; CL = 15pF (Continued) 

PARAMETERS SYMBOL 

INPUT (Continued) 

CRX 10 CKR (CRX = 8.448MHz) 

Pretrlgger Ip 

Delay 10 
OUTPUT 

Transmitter Coder 
CTX 10 HDB3 OUT: 

Dala Propagation Delay Time 100 
Handling Delay Time ltio 

HDB3 OUT Oulpul Pulse Width 
(Clock duty cycle = 50%) 

ICL = 2.048MHz Iw 

ICL = 8.44BMHz Iw 

Receiver Decoder 
CRX 10 NRZ OUT: 

Dala Propagation Delay Times 100 
Handling Delay Time ltio 

HDB3 IN 10 CKR 
HDB3 Propagation Delay Time 

LTE=O IINCKR 

LTE= I 

Functional Description 
The CD22103A is designed to code and decode HDB3 
signals which are coded as binary digital signals (NRZ-IN) 
and (+ HDB3 IN, -HDB3 IN), accompanied by sampling 
clocks (CTX) and (CRX). The two binary coded HDB3 out
puts, (+ HDB3 OUT, -HDB3 OUT) may be externally mixed 
to create the ternary HDB3 signals (See Figure 1). 

The two binary HDB3 input signals have been split from the 
input ternary HDB3 in an external line receiver. 

The receiver decoder converts binary unipolar inputs (+HDB3 IN, 
-HDB3 IN), which were externally split from ternary bipolar HDB3 
signals, and a synchronous clock signal (CRX) into binary unipolar 
NRZ signals (NFlZ-OUT). 

Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active high 
during one CRX period of each bit of received data that is inconsis
tent with HDB3 coding rules. 

An input string consisting of all ones (or marks) is detected and 
signaled by a high level at the Alarm Signal (AlS) output The AlS 
output is set to a high level when less than three zeros are 
received during Iv«l consecutive periods of the Reset Alarm Inhibit 
Signal (RAlS). The AlS output is subsequently reset to a low level 
when three or more zeros are received during Iv«l periods of the 
reset signal (RAlS). 

LIMITS 

FIGURE MIN TVP MAX UNITS 

5 - - 20 ns 

5 - - 20 ns 

3 - - 90 ns 

1 - 4 - clock period 

3 238 - 260 ns 

3 53 - 65 

4 - - 90 ns 

2 - 4 - clock period 

4 - - 65 ns 

4 - - 30 ns 

A diagnostic Loop-Test Mode may be entered by drMng the Loop 
Test Enable Input (LTE) high. In this mode the HDB3 transmitter 
outputs (+HDB3 OUT, -HDB3 OUT) are internally connected to 
the HDB3 reoeiver inputs, and the external HDB3 receiver inputs, 
and the external HDB3 receiver inputs (+HDB3 IN, -HDB3IN) are 
disabled. The NAZ binary output signal (NAZ - OUT) corresponds 
to the NAZ binary input signal (NAZ - IN) delayed by approxi
mately 8 clock periods. 

The Clock Receiver Output (CKR) is the product of the Iv«l HDB3 
input signals or-ed together. The CRX clock signal may be derived 
from the CKR signal with external clock extraction circuitry. In the 
Loop Test Mode (LTE = 1) CKR is the product of the +HDB3 OUT 
and -HDB3 OUT signals or-ed together. 

The CD22103A may also be used to perform the AMI to NAZ 
coding decoding function. To use the CD221 03A in this mode, the 
HDB3IAMI control input is driven low. 

Error Detection 

Received HDB3IAMI binary input signals are checked for 
coding violations, and an error Signal (ERR) is generated as 
described below. 
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Error Detection (Continued) 

• HDB3 Signals HDB3IAMI = High 

The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (±V) is received of the same polarity as the 
last received violation pulse. 

A violation pulse (±V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 

The received 4 data bits previous to reception of the violation 
pulse have not been the sequence BXOO (where X = don't 
care). The error signal (ERR) remains low. 

NOTES: 

1. The data sequences BOOOV and BBOOV are valid HDB3 codings 
of the NRZ binary sequence 10000. 

2. The error signal (ERR) count, is the accurate number of all single 
bit errors. 

• AMI Signals HDB3IAMI = Low 
- A coding error (ERR) is signaled when a violation pulse 

(+V) is received. 

• In either the HDB3 or AMI mode: 
- When high levels appear simultaneously on both HDB3 

inputs (+ HDB3 IN, -HDB3 IN) a logical one is assumed 
in the HDB3IAMI input stream and the error signal 
(ERR) goes high for the duration of the violation. 

Alarm Inhibit Signal 

The alarm output (AIS) is set high if, in two successive 
periods of the external Reset Alarm Signal (RAIS), less 

CTl( 

than three zeros are received. 
- The alarm output (AIS) is reset low when three or more 

zeros are received during two Reset Alarm Signal peri
ods. 

Transcoder Operation 

Transmitter Coder (See Figure 1) 

The HDB3IAMI transmitter coder operates on 4-bit serial 
strings of NRZ binary data and a synchronous transmitter 
clock (CTX). NRZ binary data is serially clocked into the 
transmitter on the negative transition of the (CTX) clock. 
HDB3IAMI coding is performed on the 4-bit string, and 
HDB3IAMI binary output data is clocked out to the (+HDB3 
OUT, -HDB3 OUT) outputs on the positive transition of the 
transmitter clock (CTX) 4 clock pulses after the data 
appeared at the (NRZ-IN) input. 

Receiver Decoder (See Figure 2) 

The HDB3IAMI receiver decoder operates on 4-bit serial 
strings of binary coded HDB3IAMI Signals, and a synchro
nous receiver clock (CRX), HDB3IAMI binary data is serially 
clocked into the receiver on the positive transition of the 
(CRX) clock. HDB3IAMI decoding is performed on the 4-bit 
string, and NRZ binary output data is clocked out to the 
(NRZ-OUT) output on the positive transition of the receiver 
clock (CRX) 4 clock pulses after the data appeared at the 
(+HDB3 IN, -HDB3 IN) inputs. 

, , 
: , , , NRZ-IN 

: I : 

+HDB30UT 

HDB3 
CODED 

-HDB30UT 

EXTERNAL GENERATED 
TERNERY HDB3 

+HDB30UT 

AMI 
CODED 

-HDB30UT 

EXTERNAL GENERATED 
AMI 

" , 

{ -t'1....--l~---~ ~ 
-+j------~f1L------~~~-------+!--

1 : 1 ! 
: : ,.....-....., 

: : , ' , ' , : 

{ 
-11,l:' L-----~!----------~-f~: i 

h I n: 
" I ,~I------~--

• • I I 
I' I I I 
I' •• I 

-f1~--~: r-------~--~~i------~--
I ~ : • : 

FIGURE 1. TRANSMmER CODER OPERATION TIMING WAVEFORMS - NRZ TO HDB3IAMI CODING 
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HDB3 RECEIVED SIGNAL 

EXTERNALLY 
SPUT 

+HDB3IN 

-HDB3IN 

CKR 

EXTERNALLY CRX 
GENERATED 

NRZ-OUT 

CD22103A 

FIGURE 2. RECEIVER DECODER OPERATION TIMING WAVEFORMS - HDB3 TO NRZ DECODING 

~---------twCL--------~~ 

NRZ-IN 
.,IIII"""""J... __ '-____ -+ ____ ...1 

+HD'::ROUT ___________ tDDt tw 1--
-HDB3 OUT ---J 

FIGURE 3. TRANSMITTER CODER TIMING WAVEFORMS 

CRX 

10% "" ___ ""1 

+HDB3IN 
-HDB3IN 

CKR 

NRZ-OUT 

FIGURE 4. INPUT REQUIREMENTS AND OUTPUT CHARACTERISTICS 
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CKR 

CRX 
tp to 

FIGURE 5. CRX RECONSTRUCTION REQUIREMENTS 

CRX 

NRZ· OUT DATA ~a l~a-

"'1...J l~~~ l~ 

AlS 
____________ r-----~2i~ 

FIGURE 6. RECEIVER ALARM-INHIBIT-SIGNALS TIMING WAVEFORMS 

CRX 

+HDB3IN , , 
-HDB3IN rh , , , 

ERR : 

FIGURE 7. RECEIVER ERROR-8IGNALS TIMING WAVEFORMS 

Definition of HDB3 Code Used in CD22103A HDB3 
Transcoder (As Per CCITRT G703 Annex Recom-
mendations) and Error Detection 

Coding Of A Binary Signal Into An HDB3 Signal Is Done 
According To The Following Rules: 

1 HDB3 signal is psaudoternary; the three states are 
denoted 8+, B-, and o. 

2 Spaces (zeros) in the binary NRZ signal are coded as 
spaces in the HDB3 signal. For strings of four spaces, 
however, special rules apply (See Item 4 below). 

3 Marks (ones) in the binary signal are coded alternately as 
B+ and 8- in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are intro
duced when coding strings of four spaces (See Item 4 
below). 

4 Strings of four spaces in the binary signal are coded 
according to the followinq rules: 

A) The first space of a string is coded as a space if the polar
ity of the preceding mark of the HDB3 signal has a polarity 
opposite to the preceding violation and is not a violation by 
itseH; it is coded as a mark, i.e., not a violation (i.e., 8+ or 
8-), if the preceding mark of the HDB3 signal has the same 
polarity as that of the preceding violation or is by itseH a 
violation. 

This rule ensures that successive violations are of alter
nate polarity so that no de component is introduced. 

B) The second and third spaces of a string are always coded 
as spaces. 

C) The last space of a string of four is always coded as a 
mark, the polarity of which is such that it violates the rule of 
alternate mark inversion. Such violations are denoted V+ 
or V- according to their polarity. 
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April 1993 

Features 

• Central OffIce QualHy 

• No Front End Band SpiRting FlHers Required 

• Single, Low Tolerance, 5V Supply 

• Detects EHher 12 or 16 Standard DTMF DlgHs 

• Uses Inexpensive 3.579545MHz Crystal for Referance 

• Excellent Speech Immunity 

• Output In Either 4-BH Hexadecimal Code or Binary 
Coded 2-01·8 

• Synchronous or Handshake Interface 

• Three State Outputs 

• Excellent Latch..lJp Immunity 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

C022202E O"C to +7O"C 18 Lead Plastic 01 P 

CD22203E O"C to +7O"C 18 Lead Plastic DIP 

5V Low Power DTMF Receiver 

Description 
The CD22202 and CD22203 complete dual-tone multiple 
frequency (DTMF) receivers detect a selectable group of 12 
or 16 standard digits. No front-end pre-filtering is needed. 
The only externally required components are an inexpensive 
3.579545MHz TV ·colorburst" crystal (for frequency refer
ence) and a bias resistor. Extremely high system density is 
possible through the use of the clock output of a crystal con
nected CD222021CD22203 receiver to drive the time bases 
of additional receivers. This is a monolithic integrated circuit 
fabricated with low-power, complementary symmetry CMOS 
processing. It only requires a single low tolerance power 
supply. 

The CD22202 and CD22203 employ state-of-the-art circuit 
technology to combine the digital and analog functions on 
the same CMOS chip using a standard digital semiconductor 
process. The analog input is preprocessed by 60Hz reject 
and band splitting filters and then hard limited to provide 
AGC. Eight Bandpass filters detect the individual tones. The 
digital post processor times the tone durations and provides 
the correctly coded digital outputs. Outputs interface directly 
to standard CMOS circuitry and are tri-state enabled to facil-
itate bus oriented architectures. 

Pinout Functional Diagram 
CD22202, C022203 

(POIP) 

HEXIi2i 2 

YDO 5 

ED (203 ONLY). • 
NC(202) 

Vss 7 

ANALOGIN I 

TOP VIEW 

1 XOUT 

I~ 
ANALOGIN I Ii 

Ii 

CHIP 
CLOCKS 

YDO 

CAUTION: These d""lcaa are senaitiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyrlght@Harris Corporation 1993 
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Specifications CD22202, CD22203 

Absolute MaXimum Ratings 
DC Supply voltage (Voo)(Referenced to Vss Terminal) •••.••• +7V 
Power DlsSlpalion 

TA", +25"C (Derate above TA '" +25"C at 62.5mW?C •••.•• 65mW 
Input Voltage Range 

All Inpuls Except Analog In •••••••••••••• (V DO +O.5V) to -0.5V 
Analog In Voltage Range ••.•••...••.. (Voo +O.5V) to (Voo -10V) 
DC Current Into any Input or Output •••••••••••.••.••••.•. ±20mA 
Junction Temperature .............................. +175°C 
Junction Temperature (Plastic Packages) •••...•••••.•.. +1 SOOC 
Lead TemperaliJre (Soldering 10 Sec.) ............•.•.. +3oooC 

Operating Conditions 
Operating TemperaliJre Range ••.••••••••••••.•• O"C to +7ooC 
Storage TemperaliJre Range ••.•.••.••••••.•.. -6500 to +15OOC 

NOTE: Unused Inputs m.rst be connected to Voo or V ss as appropriate. 

CAUTION: stresses abowIlhose listed In "Absalu" Maximum Ra6ngs" may cause permanent dama~ to the davK:.. ThIs Is a stress only tal/fig and op8tation 
of the davK:. at these or any other conditions abowIlhose Indicated in the opetational sections of this specification Is not ImpIIsd. 

Electrical Specifications ooC S TA S +7O"C. Voo = 5V tlO% 

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS 

Frequency Detect Bandwidth t(1.5 + 2Hz) ±2.3 t3.5 %oIfo 

Amplitude for Detection Each Tone -32 - -2 dBm Referenced to 6000 

Minimuni Acceptable Twist Twist = high tone -10 - +10 dB 

low tone 

60HzTole~ - - 0.8 VRMS 

Dial Tone Tolerance "Precise" Dial Tone - - 0 dB Referenced to Lower 
AmplitUde Tone 

Talk Off MITEL Tape #CM7291 - 2 - Hits 

Digital Outputs (except XOUT) "0- Level. 4OO1lA Load 0 - 0.5 V 

"1" Level. 2001lA Load Voo -O·5 - Voo V 

Digital Inputs "0" Level 0 - 0.3Voo V 

"1" Level O·7Voo - Voo V 

Supply Current TA=+25OC - 10 16 rnA 

. Noiss Tolerance MITEL Tape #CM7291 - - -12 dB Raferenced to Lowest 
(Note 1) Amplitude Tone 

Input Impedance Voo 2: V1N 2: (Voo -10) 100kOl/15pF 300kn -
NOTE: 

1. Bandwidth limited (3kHz) Gaussian noiss. 
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Functional Block Diagram 

1MQ 

NOTE: Pin 6: Early detect output on CD22203 only. 

System Functions 
Analog In 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or OC cou
pied. as long as it does not exceed the positive supply volt
age. Proper input coupling is illustrated below. 

0.011'1' 
AUDIO 0-; 
INPUT 

(+4dBm 
MAXIMUM) 270kn 

(ON CHIP) 10pF 
+-A-NAL-OQ-< }-="';;';';;;~~-flf-: 

! 
1SOOpF ~ 33 

IN 

i 
-=-OPTIONAL 
HIGH FREQUENCY 
NOISE FILTER 
(Ie. 3.9kHz) 

FIGURE 1. ANALOG IN 

>100kn 

Vas 

EARLY 
DETECT 
OUTPUT 

The C022202 and C022203 are designed to accept sinuso
idal input waveforms. but will operate satisfactorily with any 
input that has the correct fundamental frequency with har
monics that are at least 20dB below the fundamental. 

Crystal Oscillator 

The C022202 and C022203 contain an on-board inverter 
with sufficient gain to provide oscillation when connected to 
a low cost television ·color-bursf' (3.579545MHz) crystal. 
The crystal oscillator is enabled by tying XEN high. The crys
tal is connected between XIN and XOUT. A 1 MO resistor is 
also connected between these pins in this mode. ATB is a 
clock frequency output. Other C022202 and C022203 
devices may use the same frequency reference by tying their 
ATB pins to the ATB output of a crystal connected device. 
XIN and XEN of the auxiliary devices must then be tied high 
and low. respectively. Up to ten devices may be run from a 
single crystal connected C022202 and C022203 as shown 
in Figure 2. 
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3.&7I545MHz rN remains high until a valid pause occurs or CLRrN Is 

~[]I--
raised high, whichever is sooner. This handshake can save 
microprocessor time. 

1M 
X1N XOUT Voo OTMF Dialing Matrix 

12 11 .U COLO COL 1 COL 2 COL 3 

~3 
1209Hz 1336Hz 1477Hz 1633Hz 

CD22202122203 XEN 
ROW 0 m [II I]] 0 697Hz 

X1N CONNECTED TO Voo ROW 1 ill m m [[I 
12 770Hz 

~ 13 CD22202122203 .~ 
ROW 2 m rn [[] @] 852Hz 

ROW 3 EJ (]] ill @] 
UP TO 10 DEVICES 941Hz 

FIGURE 2. CRYSTAL OSCILLATOR NOTE: Column 31s lor special applications and is not normally used 

HEXlB28 
In telephone dialing. 

This e!!l.selects the format of the digital output code. When IN1633 

HEXlB2B is tied high, the output is hexadecimal. When tied When tied high, this pin inhibits detection of tone pairs con-
low, the output is binary coded 2-of-B. The following table taining the 1633Hz component. For detection of all 16 stan-
describes the two output codes. dard digits, IN1633 must be tied low. 

TABLE 1. OUTPUT CODES 
NlC Pin 

HEXADECIMAL BINARY CODED 2-0F-8 This pin has no internal connection and should be left floating. 
DIGIT DB 04 D2 01 08 04 D2 01 

1 0 0 0 1 0 0 0 0 
Olgltallnputa and Outputs 

2 0 0 1 0 0 0 0 1 All digital inputs and outputs of the DTMF receivers are rep-

3 0 0 1 1 0 0 1 0 resented by the schematic below. Only the "analog in" pin is 

4 0 1 0 0 0 1 0 0 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 

5 0 1 0 1 0 1 0 1 listed in the "maximum ratings" section. 
6 0 1 1 0 0 1 1 0 

7 0 1 1 
Voo 

1 1 0 0 0 9 
B 1 0 0 0 1 0 0 1 

9 1 0 0 1 1 0 1 0 

* 
~ 

0 1 0 1 0 1 1 0 1 CMOS 
DIGITAL DIGITAL DIGITAL 

* 1 0 1 1 1 1 0 0 INPUT CIRCUITRY OUTPUT 
# 1 1 0 0 1 1 1 0 

A 1 1 0 1 0 0 1 1 
~~ A~ 

B 1 1 1 0 0 1 1 1 

C 1 1 1 1 1 0 1 1 Vss 
D 0 0 0 0 1 1 1 1 FIGURE 3. DIGITAL INPUTS AND OUTPUTS 

ED 

This pin, on the CD22203 only. indicates the presence of fre-
Input Filter 

quancies which are likely to be DTMF digits, but have not yet The CD22202 and CD22203 will tolerate total input noise of 
been verified by a rN signal. It is comparable to a "button- a maximum of 12dB below the lowest amplitude tone. For 
down" output, and it is useful as an EARLY DETECT signal to most telephone applications, the combination of the high 
interrupt a microprocessor for digit storage and validation. frequency attenuation of the telephone line and internal 

OV and CLROV 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 

DV signals a detection by going high after a valid tone pair is internal sampling frequency will be aliased (folded back) 

sensed and decoded at the output pins 01, 02, 04, and DB. into the audio spectrum, so if excessive noise is present 
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above 28kHz, the simple RC filter shown belOw may be .. PARAMETERS SYMBOL 
used to band limit the incoming signal. The Cllt off 

MIN TYP MAX UNn'S 

frequency is 3.9kHz. Tone TIme 

For Detection toN 40 - - ms 

For Rejection toN - - 20 ms 
270k0 ANALOG 

NOISY IN CD22Z02 
SIGNAL 

-"*i 
CD22Z03 Pause Time 

331cO For Detection 'oFF 40 - - ms 

For Rejection 'oFF - - 20 ms 
"'..!=" 

Detect Time to 25 - 46 ms 

FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY Release Time iA 35 50 ms 
INPUT NOISE ENVIRONMENT 

Data Setup Time tau 7 - - jIS 

Noise will also be reduced by plaCing a grounded trace Data Hold Time 1M 4.2 - 5 ms 
around XIN and XOUT pins on the circuit board layout when 

OV Clear Time teL - 160 250 ns using a crystal. It is Important to note that XOUT is not 
intended to drive an additional device. XIN may be driven CLROV Pulse Width Ipw 200 - - ns 
externally; in this case, leave XOUT floating. 

ED Datect Time leD 7 - 22 ms 
Timing Waveforms 

ED Release Time IeR 2 - 18 ms 

TONE BURST 1 ~--r-toFF-j Output Enable Time - - 200 300 ns 
CL = 5OpF, RL = 1kn 

ANALOG ~ PAUSE Fl!Cl~~.I!Y!3!I.~ Output Disable TIme - - 150 200 ns 
INPUT 

to~ IR r- CL = 35pF, RL = 5000 - Output Rise Time - - 200 300 ns 
D1,D2 I I CL=50pF 
04,08 

tau ~~L - Output Fall TIme - - 160 250 ns -11-- -- I--tH CL=5OpF 
I I r h 

OY - r-tPw 
Guardnme 

Whenever the DTMF receiver is continually monitoring a 

CLROY voice channel containing distorted or musical voices or 
tones, additional guard time may be added in order to 

~- ~teA 
prevent false decoding. This may be done in software by 

tED-
verifying that both ED and rN are present simultaneously for 
about 55ms. An appropriate guard time should be selected 

ED·.....J I I L- to balance the fastest expected dialing speed against the 
rejection of distorted or musical voices or tones (most 

• Early Detect output is available only on the C022203 autodialers operate in the 65ms to 75ms range although a 
few generate 50ms tones). A hardware guard time circuit is 

FIGURES. 
shown in Figure 6. R3 and R4 should keep the voice 
amplitude as low as practical, while R2 and R5 adjust 
detection speed. 

8-34 



CD22202, CD22203 

R2 I ,~± -240K ~~D2 (55ms) 

HEXIii2i 
2 

EN 
3 

IN1633 
4 

VDO 
II 1N4148 ... ED ... • 

C2 
V .. 

7 
., 0.15JlF XEN • 

ANAL~ I 

AS 
1.8M 

~ 
Re R4 
100K 33K 

ENABLE 
INPUT 1/3 CD74HC04 

-I>---t>-:r 
(BUFFERS OPTIONAL) 

17 
D4 

16 
De 

111 ~ 

14 
rN 

13 ~ l-
12 

XIN 

XOUT 
11 

10 I V .. 

AS 
-31OK 

1 
I T~: 

., 
C1 

4700pF 

R1 
1M 

De D4D2D1 
HEX DATA OUT 

AUDIO 
IN 

FIGURE 6. CD22203 DTMF RECEIVER WITH GUARD TIME CIRCUIT TO PROVIDE EXCEPTIONAL TALK-OFF PERFORMANCE 

Operating and Handling Considerations 

Handling 
All inputs and outputs of CMOS devices have a network for 
electrostatic protection during handling. Recommended han
dling practices for CMOS devices are described in 
ICAN-6525 "Guide to Better Handling and Operation of 
CMOS Integrated Circuits". 

Operating 
Operating Voltage 

During operation near the maximum supply voltage limit. 
care should be taken to avoid or suppress power supply 
turn-on and turnoff transients. power supply ripple. or ground 
noise; any of these conditions must not cause Voo - Vss to 
exceed the absolute maximum rating. 

Input Signals 

To prewnt damage to the input protection circuit. input sig
nals should never be greater than Voo nor less than Vss. 
Input currents must not exceed 20mA even when the power 
supply is off. 

Unused Inputa 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Voo or 
Vss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Voo or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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Features 
• No Front End Band Splitting Filters Required 

• Single Low Tolerance 5V Supply 

• Three-State Outputs for Microprocessor Based 
Systems 

• Detects all 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystal 

• Excellent Speech Immunity 

• Output In 4-Blt Hexadecimal Code 

• Excellent Latch..lJp Immunity 

Ordering Information 

PART NUMBER TEMP. RANGE PACKAGE 

Description 

CD22204 
5V Low Power Subscriber 

DTMF Receiver 

The CD22204 complete dual tone multiple frequency (DTMF) 
receiver detects a selectable group of 12 or 16 standard digits. No 
front-end pre-filtering Is needed. The only externally required com
ponents are an inexpensive 3.579545MHz TV "colorbursr aysIal 
(for frequency reference) and a bias resistor. Extremely high sys
tem density is possible through the use of the A1temate Time Base 
(ATB) output of a crystal connected CD22204 receiver'to drive the 
time bases of up to 10 additional receivers. This Is a monolithic 
integrated circuit fabricated with low power, complementary sym
metry CMOS processing. It only requires a single power supply. 

CD22204E O"C to +7O"C 14 Lead Plastic DIP 

The CD22204 employs state-of-the-art "swltched-capacitor" filter 
technology. resulting in approxlmetely 40 poles of filtering and dig
ital circuitry on the same CMOS chip. The analog input is prepro
cessed by 60Hz reject and bandspJitling filters and then zero-cross 
detected to provide AGC. Eight bandpass filters detect the individ
ual tones. Digital processing Is used to measure the tone and 
pause durations and provides the correctly coded and timed digital 
outputs. The outputs interface directly to standard CMOS circuitry 
and are tri-state enabled to facilitate bus oriented architectures. CD22204M O"C to + 7O"C 24 Lead SOIC 

Pinouts Functional Diagram 
CD22204 (POIP) 

TOP VIEW 

5 
NC 

~~ 12 

7 Iii: rN 
ANALOG IN ~~ 2 

... 8 D1 

~! ~ z I!! 
CI (I D2 

ANALOG 
ilia: 
Dl3 14 IN ~(5 DC 

II 13 

XEN CHIP ~~ 
De 

CD22204 (SOIC) r CLOCKS TOP VIEW X1N 3 
EN 

10 

!I De 
Cl 

NC w 

• (5 

rN XOUT 

VDD Vss 

NOTE: Pin numbers are for plastic DIP. 

CAUTION: These devices are sensHiw to electrostatic discharge. Users should follow proper I.e. Handling Procedures. 
Copyright @ Harris Corporation 1993 

File Number 1696.2 
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Specifications CD22204 

Absolute Maximum Ratings (Note 1) 

DC Supply Voltage (Voo)(Referenced to Vss Terminal) ••••••• +7V 
Power Dissipation 

TA = +25"C (Derate above TA = +25"C at 625mWFC •••••• 65mW 
Input Voltage Range 

All Inputs Except Analog In •••••••••••••• (Voo +O.5V) to -Q.5V 
Analog In Voltege Range ••••••••••••• (Voo +O.5V) to (Voo -10V) 
DC Current into any Input or OUtput •••••••••••••••••••••• ±20rnA 
Junction Temperature •••••••••••••••••••••••••••••• + 175°C 
Junction Temperature (Plastic Packages) .•••••••••••••• +1 oooC 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3oo"C 

Operating Conditions 
Operating Temperature Range •••••••••••••••••• O"C to +70"C 
Storage Temparature Range •••••••••••••••••• -65"C to +1 oooC 

CAUTION: Stresses abwe thoBe listed in "Absolute Maximum Ratings" may cause permanant damege to the davice. This Is • stress only rating and operation 
of the device at thase or any other conditions abOflfl !hose Indicated In the operational sections of this specification Is not i""lied. 

Electrical Specifications OOC S TA S +70"C, Voo = 5V ±10% 

PARAMETERS TEST CONDITIONS MIN TYP MAX UNrrs 

Frequency Detect Bandwidth ±(1.5+2Hz) ±2.3 ±3.5 %offo 

Amplitude for Detection Each Tone -32 - -2 dBm Referenced to 6000 
(Note 3) 

Minimum Acceptable Twist Twist = high tone -8 - +4 dB 

low tone 

60Hz Tolerance - - 0.8 VRMS 

Dial Tone Tolerance 'Preclse" Dial Tone - - 0 dB Referenced to Lower 
Amplitude Tone 

TaikOfl MITEL Tape #CM7291 - 2 - Hits 

Digital Outputs (except XOUT) "0- Level, 4oo11A Load 0 - 0.5 V 

"1" Level, 20011A Load Voo-0.5 - Voo V 

Digital Inputs "0- Level 0 - 0.3Voo V 

"I" Level O·7Voo - Voo V 

Supply Current TA=+25°C - 10 20 rnA 

Noise Tolerance MITEL Tapa #CM7291 - - -12 dB Referenced to Lowest 
(Note 2) Amplitude Tone 

Input Impedance Voo ~ VIN ~ (Voo -10) 1ookOl/15pF 3OOkO -
NOTES: 

1. Unused inputs must be comected to Voo or Vss as appropriate. 

2. Bandwidth limited (3kHz) Gaussian noise. 

3. Lower minimum available, please contact sales office. 
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CD22204 

Functional Block Diagram 

1M 

;----------_ .. ; 
, BANDMII • 
: FLTERS : • • r---------, , P---... -----, 

, ZERO : ~ : .. UTUDE : 
~ CROSSING :: : DEtECTORS ' 

: DETECTORS" !+t' -t":> ..... .L-.r---, , ~ : . 
• 

POWERAEGlJUiIOR 1---.... 

v... v .. 

11IIING 
CIRCIJ1RV 

DATA STROBE 

NOTE: Pin numbers are for plastic DIP. 

System Functions 
Analog In 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou
pled, as long as it does not exceed the positive supply volt
age. Proper input coupling is illustrated below. 

r-'~:---0.01 .... 

270kn , 
~"""""'i--:--~-{!)-'(0.;.;N.;.;CH=IP~)-+_1-10~ 
; ANALOG. 

AUDIOo-t 
INPUT 

(+4dBm 
MAXIMUM) 

; IN; >100kn 
150OpF;j:; 33 I 

-!- _ I Vas 
OPTIONAL 
HIGH FREQUENCY 
NOISE FILTER 
(Ie. 3.lIkHz) 

, ........................................... . 

FIGURE 1. ANALOG IN 

The CD22204 is designed to accept sinusoidal input wave
forms, but will operate satisfactorily With any input that has 
the correct fundamental frequency with harmonics that are 
at least 20dB below the fundamental. 

Crystal Oscillator 

The CD22204 contains an on-board inverter with sufficient 
gain to provide oscillation when connected to a low cost tele
vision ·color-burst" (3.579545MHz) crystal. The crystal oscil
lator is enabled by tying XEN high. The crystal is connected 
between XIN and XOUT. A 1 Mn resistor is also connected 
between these pins in this mode. ATB is a clock frequency 
output. Other CD22204 devices may use the same fre
quency reference by tying their ATB pins to the ATB output of 
a crystal connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low, respectively. Up to 
ten devices may be run from a Single crystal connected 
CD22204 as shown in Figure 2. 
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CD22204 

3.579645MHz DTMF Dialing Matrix 

r[]l--
COLO COL 1 COL 2 COL 3 

1M 1209Hz 1336Hz 1477Hz 1633Hz 
XIN XOUT Yeo 

aU ROW 0 OJ III ill ~ 10 II 697Hz 

~ 11 CD22204 XEN ROW 1 rn m [!I [!] 770Hz 

XlN CONNECTED TO Yeo ROW 2 m I]] [[] @] 852Hz 
10 

ROW 3 1::1 @] 0 @] 
~ 11 C022204 afl 941Hz 

NOTE: Column 3 is for special applications and is not normally used 
In telephone dialing. 

UP TO 10 OEVICES 

FIGURE 2. CRYSTAL OSCILLATOR 
Digital Inputs and Outputs 

All digital inputs and outputs of the OTMF receivers are rep-
Outputs D1, D2, D4, D8 and EN resented by the schematic below. Only the "analog In" pin is 

Outputs 01. 02. 04. 08 are CMOS push-pull when enabled 
different. and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 

(EN high) and open circuited (high impedance) when dis- listed in the "maximum ratings" section. 
abled by pulling EN low. These digital outputs provide the 
hexadecimal code corresponding to the detected digit. The Yeo 
digital outputs become valid after a tone pair has been y' 
detected and they are then cleared when a valid pause is I 
timed. The table below describes the hexadecimal codes. 

* 
TABLE 1. OUTPUT CODES 

J~ 
CMOS 

DIGITAL DIGITAL DIGITAL 
DIGIT D8 D4 D2 01 INPUT CIRCUITRY OUTPUT 

1 0 0 0 1 J~ ~ .. 
2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 
Yss 

5 0 1 0 1 FIGURE 3. DIGITAL INPUTS AND OUTPUTS • 6 0 1 1 0 Input Filter 
7 0 1 1 1 The C022204 will tolerate total input noise of a maximum 
8 1 0 0 0 of 12dB below the lowest amplitude tone. For most 

::::& 
9 1 0 0 1 telephone applications. the combination of the high 0 

0 1 0 1 0 
frequency attenuation of the telephone line and Internal ~ band limiting make special circuitry at the input to these w . 1 0 1 1 receivers unnecessary. However. noise near the 56kHz ~ 

# 1 1 0 0 internal sampling frequency will be aliased (folded back) 

A 1 1 0 1 
Into the audio spectrum. so if excessive noise is present 
above 28kHz. the simple RC filter shown below may be 

B 1 1 1 0 used to band limit the incoming signal. The cut off 

C 1 1 1 1 frequency Is 3.9kHz. 

0 0 0 0 0 

270110 ANALOG 
NOISY IN 

DV SIGNAL 

.~ .. ± CD22204 

DV signals a detection by going high after a valid tone pair is 33110 
sensed and decoded at the output pins 01. 02. 04. and 08. 
DV remains high until a valid pause occurs. -::~ 

NlCPln FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY 
This pin has no internal connection and should be left floating. INPUT NOISE ENVIRONMENT 

. 
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Noise will also be reduced by placing a grounded trace PARAMETERS SYMBOL MIN TYP MAX UNrr8 
around XIN and XOUT pins on the circuit board layout when 

Tone Time using a crystal. It is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven For Detection toN 40 - - ms 

externally; in this case, leave XOUT floating. For Rejection toN - - 20 ms 

PausaTime 
Timing Waveforms For Detection toFF 40 - - ms 

For Rejection toFF - - 20 ms 

lONE BURST 1 ~N--r-toFFl Detect Time 10 25 - 46 ms 

ANALOG~ PAUSE fljMt§;I~~H]I Release Time lR 35 50 ms 

Data Setup Time tau 7 - - lIS 
INPUT - IR r- Data Hold Time 4l 4.2 5 - ms - ID I-- Output Enable Time - - 200 300 lIS 
D1,D2 I I CL = 50pF, At. = 11<0 
D4,D8 

tau Output Disable Time - - 150 200 lIS 

-II-- ..... ~IH CL = 35pF, At. .. 5000 

Output Rise Time - - 200 300 lIS 

rN 
I I CL =50pF 

Output Fall Time - - 160 250 lIS 

CL =50pF 
FIGURES. 
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Features 

• Automatic Line Bulldout 

• Supply Voltage ••••••••••••••••••••••••••••• 5.1V 

• Buffered Output 

Applications 

• Bipolar Carrier System ••••••••••••• T1 1.544Mbltsls 

• Ternary Carrier System •••••••••••• T148 2.37Mbltsls 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CD22301E -40"C to +85"0 18 Lead Plastic DIP 

TypicaI1.544MHz T1 Repeater System 

CD22301 
Monolithic PCM Repeater 

Description 
The CD22301 monolithic PCM repeater circuit Is designed 
for T1 carrier systems operating with a bipolar pulse train of 
1.544Mbits/s. It can also be used in the Tl48 carrier system 
operating with a ternary pulse train of 2.37Mbits/s. The cir· 
cuit operates from a 5.1V ±5% externally regulated supply. 

The CD22301 provides active circuitry to perform all func· 
tions of signal equalization and amplification, automatic line 
buildout (ALBO), threshold detection, clock extraction, pulse 
timing and buffered output formation. 

Pinout 

ALBO GROUND 1 

ALBO 1 OUTPUT 2 

ALBO 2 OUTPUT 3 

ALBO 3 OUTPUT 4 

PREAMP INPUT + 5 

PREAMP INPUT. 6 

PREAMP OUTPUT + 7 

PREAMP OUTPUT. 8 

CD22301, (PDIP) 
TOP VIEW 

8 SUBSTRATE 

7 ALBOBIAS 

6 OSCBIAS 

5 LC TANK INPUT 

4 Vee 

3 CLOCK UMiTER OUTPUT 

2 TIMING PULSE INPUT 

1 OUTPUT PULSE 1 

OUTPUT PULSE 2 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper I.C. Handling Proceduraa. File Number 1368.2 
Copyright @ Harris Corporation 1993 
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Specifications CD22301 

Absolute Maximum Ratings Recommended Operating Conditions 
Supply Voltage •••.••.••.••••.•.••••••••••••••.••.••• 10V Operating Temperature Range ••••••.••••••• -4O"C S TA S +85°C 
Inpul Current (Inlo Pin 9 or 10) ••••••••••••••••••••••••• 25mA Storage Temperature Range ...•...•••.••.• -6500 STA S +150"0 
Peak Currenl (lnlo Pin 9 or 10) •••••••••••••••••••••••• 1 DORIA 
Input Surge Voltage (Between Pins 5 and 6, I = 10ms) .•••••• 50V 
Output Surge Voltage (Between Pins 10 and 11, I = 1 ms) ••••• 50V 
Power Dissipation 

For TA = -4O"C to +6000 •••••••••••••••••••••••••• 500mW 
For TA = +6000 to +6500 •• Derate Unearly 12mWI"C to 200mW 

Device Dissipation per Output Transistor 
For TA = Full Package Temperature Range (AI"JVpes) ••••• l00mW 

Junction Temperature ••••••••••••••.•.••••••••••.•• +1750C 
Junction T8!llPerature (plastic Package) ••••••••••••.•• +15OOC 
Lead Tempereture (Soldering 10 Sec.) •.•..••.•.••.••.. +3ooPC 
CAUTION: stresses above Iho84J Ilstad In ~bsoIu" Maximum Ragngs" may cause peI'I'IlIIMnt rIamag8 to !he deI!Ics. This Is a stress only rating and operation 
01 !he devIctIat these oi' any other conditions above Iho84J Indicated In !he opera/lonal sections of /his speclflca/Jon Is not implisd. 

Static Electrical Specifications TA = +25OC, Vee = 5.W ± 5% (See Figure 4) 

LlMrrS 

PARAMETERS MIN TYP MAX UNrrs 

DC VOLTAGES 

AlBO Pins (Pins 2, 3, 4 and 17) - 0 0.1 V 

Pre Amp Inputs and OUtputs (Pins 5, 6, 7 and 8) 2.4 2.9 3.4 V 

Output Pulse 1,2 (Pins 10 and 11) - 5.1 - V 

OsciliatorlClock (Pins 12, 13, 15 and 16) 3.1 3.6 4.1 V 

DC CURRENTS 

Icc - 22 30 RIA 

Output Pulse 1, 2 (Pins 10 and 11) - 0 100 jlA 

Dynamic Electrical Specifications TA = +2500, Vcc = 5.W ± 50/0 

LIMITS 

PARAMETERS SYMBOL FIGURE NOTE MIN TYP MAX UNITS 

PreampUfler Inpullmpedance liN 7 20 .- - kn 

Preemplifier Output Impedance loUT 7 - - 2 kn 

Preamplifier Gain at 2.37MHz Ao 7 47 50 - dB 

PreampUfler Output Offsel Voltage I!NOUT 7 1 -50 0 50 mV 

Clock limiter Inpullmped8nce llN(Cl) 5 2 10 - - kn 

ALBO Off Impedance . lALBO(Off) 5 3 20 - - kn 

ALBO On Impedance ZALBO(on) 5 4 - - 10 n 

DATA Threshold Voltage VTH(D) 6 5,8 0.62 0.7 0.78 V 

CLOCK Threshold Voltage "TH(Cl) 6 6,8 0.92 1.1 1.28 V 

ALBOThreshoid VTH(Al) 6 7,8 1.4 1.5 1.6 V 

VTH(D) as %of VTH(Al) 44 47 49 0/0 

Vi-H(Cl) as % of VTH(Al) 66 73 80 0/0 

Buffer Gate yoltB.ge(low) VOL 4 9 0.65 0.8 0.95 V 

Differential Buffer Gale Voltage AVOL 4 9 -0.15 0 0.15 V 

Outpul Puise Rise Time .. IR 4,8 9,10 - - 40 ns 
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Specifications CD22301 

Dynamic Electrical Specifications TA = +25"C , vee = 5.1V ± 5% 

UMITS 

PARAMETERS SYMBOL FIGURE NOTE MIN TVP MAX UNITS 

Output Pulse Fall Time If 4,8 9,10 - - 40 ns 

Output Pulse Width tw 4,8 9,10 290 324 340 ns 

Pulse Width Differential Atw 4,8 9,10 -10 0 10 ns 

Clock Drive Current let. - 2 - rnA 

NOTES: 

1. No signal input. Measure voltage between pins 7 and 8. 

2. Measure clock limiter input impedance at pin 15. See Figure 5. 

3. Adjust potentiometer lor OV (See Figure 5). Measure ALBO off Impedances from pins 2, 3 and 4 to pin 1. 

4. Increase potentiometer until voltage at pin 17 = 2V (See Figure 5). Measure ALBO on Impedances from pins 2, 3 and 4 to pin 1. 

5. Adjust potentiometer for IN = OV (See Figure 6). Then slowly Increase tN In the positive direction until pulses are observed at the DATA 
terminal. 

6. Continue increasing 11 V until the DC level at the clock terminal drops to 4V (See Figure 6). 

7. Continue Increasing 11 V until the ALBO terminal rises to 1 V (See Figure 6). 

B. Tum potentiometer In the opposite direction and measure negative threshold voltages by repeating tests outlined in notes 5, 6 and 7. 

9. Set 8JN = 2.75mVRMS at f -1.1B5MHz. Adjust frequency until maximum amplitude Is obtained at pin 15. Observe output pulses at pins 
10and11. 

10. Adjust input signal amplitude until pulses Just appear In outputs. Increase Input amplitude by three dB. 

ALBOGND ALBOBIAS 

15K 

~ .... _+--< FROM ALBO 
PEAK DETECTOR 

L-------+--ov~ 

100Q 

A03 

FIGURE 1. ALBO OUTPUT CIRCUIT 
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.... ---. TOAMPUFIER 

FROIICLOCK 
THRESHOLD DETECTOR 

FIGURE 2. CLOCK INTERFACE CIRCUIT 

O.1"F 
~~I~~------~~ 

8.2kn 

CD22301 

FROM 
UIIITER 

+Vcc 

TO TIlliNG 
PULSE 
AMPUFIER 

FIGURE 3. PHASE-SHIFT INTERFACE CIRCUITS 

• Cl"NDLl 
RESONATE AT 1.272MHz 

l--'!::::::::!:==-t-9-G VCC.S.W 

PULSE OUTPUT 

FIGURE 4. DC AND OUTPUT PULSE TEST CIRCUIT 

h4l-----+-o VCC.5.1V 
O.01I4f.;. 

FIGURE 5. TEST CIRCUIT FOR IMPEDANCE MEASUREMENT 



CD22301 

t---1,.----t- CLOCK 
21en 

I!!..J--,...---+- VCC.S.1V 
.3V + 8.21en 

..r:lIl---'J1i1'ri--....~--t 
-=- 8.2kn 

8.21en 

AV DATA 

FIGURE 6. TEST CIRCUIT FOR THRESHOLD VOLTAGE MEASUREMENT 

.... --.-""*--.-------1 t---,r--- VCC.S.1V 

200 
len 

FIGURE 7. PREAMPLIFIER GAIN AND IMPEDANCE MEASUREMENT CIRCUIT 

, 
: , i I~~-------Iw ---------;~ i 
: : 

---~'~ , 
50% : ! 

: : 
: : , , 
: : 

10%-:-- ~ 
0% : I'-------------------~, : t I I I 

--: tR!"'-- --: tF~ 

FIGURE 8. OUTPUT PULSE WAVEFORM 
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Features 
• Meets or Exceeds AI AT&T D3ID4 SpecIflcallon8 and ccm RecommendatIons 
• Complete CODEC and FiHaring SysIam8: No External Components for 

SampIHnd-HoId and AuID-Zero Functions. Receive Output Fillar with 
(SIN xyx Correction and AddiUonalSkHz Suppression 

• VarIable DaIa Clocks - From 64kHz •••••••••••••••••••••••••••• 2.1 MHz 

• Receiver JncIude8 Power-Up Click Filter 

• TTL or CMOS-Compatible logic 

• ESD Protection on Allinputl and Outputs 

Applications 
·PABX 
• Central OffICe SWItching Systems 

• Accurate AID and DlA Conversions 

• Digital Telephones 
• Cellular Telephone Switching Systems 

• Voice ScnmbIers - Descramblers 

• T1 Conference Bridges 

• Voice Storage and RetrIeval Systems 

• Sound Ba8ed Security Systems 

• CornputerIDd VoIce AnaIysia 
• Mobile Radio Telephone Systems 

• MIcIowave Telephone NelworIfs 

• fibeI'.OptIc Telephone Networks 

CD22354A 
CD22357A 

CMOS Single-Chip, 
Full-Feature PCM CODEC 

Description 
The CD22354A and CD22357A are monolithic slllcon
gate, doIJbIe.poIy CMOS Integrated circuits containing 
the band-IImiting fillers and the companding AID and DlA 
conversion circuits that conform to the AT&T 00JD4 
specifications and CCITT recommendations. The 
CD22354A provides the AT&T 11-1aw and the CD22357A 
provides the CCITT A-Iaw companding characteristic. 

The primary applications for the CD22354A and 
CD22357 A are In telephone systems. 1hese circuits 
perfonn the analog and digital conversions between the 
subscriber loop and the PCM highway in a digital 
swlk:hlng system. The functional block diagram Is 
shown below. 

With flexible features, including synchronous and 
asynchronous operations and variable data ralas, the 
CD22354A and CD22357 A are idaally suited for PABX, 
central office switching system, digital telephones as 
well as other applications that require accurate AID and 
DlA conversions and minimal conversion time. 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE PACKAGE 

CD22354AE -40"C to +8O"C 16 Lead Plastic DIP 

CD22357AE -40"C to +8O"C 16 Lead Plastic DIP 

Pinout Functional Block Diagram 
CD22354A, CD22357A 

(POIP) 

!'Sf! 
OJ! 

BCLKW 
CLKSEL 

MCLKW 
PDN 

TOP VIEW 

YFx1+ 

YFx1-

GSx 

'i'Sx 
FSx 

Ox 
BCLKx 

MCLKx 

GND>+-=Z'E-_ 

FULL-FEATURE PCM COOEC 

~Jrr.~~L.uJ.Dx 
BCLKx 

L...;;::::..:....:;:;:==-__ --' .:T~ 
~""""""""""""""""""~MCLKx 

r:~:1~~==============~~~~ 
Fa" 

7 g&~L 
.,;.;,;;~=rri1""DR 

Y+ 
y. 

CAUTION: These delllces are senshlve to electrostatic discharge. Users should Ioilow proper I.C. Handling Procedures. File Number 1682.2 
Copyright @Harris Corporation 1993 
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Specifications CD22354A, CD22357A 

Absolute Maximum Ratings Reliability Information 
DC Supply-Voltage, (V+) •••.••..••••..•..•....... -0.5 to +7V 
DC Supply-Voltage, (V-) •••••••••••••••••••••••.•. +0.5 to-7V 
DC Input Diode Current, 

Operating-Temperature Range (T M ............. -40"C to +8()OC 
Storage Temperature (T BTO) •••••••••••••••••• -65"C to + 15O"C 

11K (VI < V- -o.5V or VI > V+ +O.5V) ••.....•.•....•••••.... ±2OmA 
DC Output Diode Current, 
10K (VI < V- -0.5V or Vo > V+ +O.5V) ••••••••••••.••..••... ±2OmA 
DC Drain Current, Per Output 
10 (V- -0.5V < Vo < V+ +O.5V) •.•.••.•••.•••....•••••..•. ±25mA 
DC SupplylGround Current •.••••••.•••.•••.•.••••••..•. ±5OmA 
Power Dissipation Per Package (Po): 

For TA = -40"C to +8()OC •••••••.••••••••••••••••••• 500mW 
For TA = +6O"C to +85"C .....•.••• Derate Linearly at 8mWf'C 

to300mW 
Junction Temperature. • • • . • • • . . • . . • . . • . . • . . . . . . • . . . + 175°C 
Junction Temperature (Plalitic Package) •••••••.••••••• +15O"C . 
Lead Temperature (Soldering 1 0 Sec.) .............•... ..aoooC 

CAUTION: Stresses abo.., those listed In "Absolute Maximum Ratings" IIIBY cause ptlflllBn6n1 dalllBf1B to the davIce. This is • stress only 18l1ng and op918tion 
o/the dellics at these or any other conditions abo.., those Indicated In the op918tional sactIona of this spfICification is notlmpHed. 

Static Electrical Specifications At TA = +25"C 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Positive Power SUpply . V+ 4.75 5 5.25 V 

Negative Power Supply V- -4.75 -5 -5.25 V 

Power Dissipation (Operating) POPR V+=5V - 75 90 mW 

Power Dissipation (Standby) PSTBY V-=-5V - 9 15 mW 

Static Electrical Specification At TA = OOC to 7O"C; V+ = 5V ±5%, V- = -5V ±5% 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNITS 

Analog Input Resistance ~NA 10 - - Mn 

Input Capacitance CIN All Logle and Analog Inpuls - 5 - pF 

Input Leakage Current, Digital II VI=OVorV+ -10 - 10 IIA 

Low Level Input Voltage VIL IlL = ±1011A max - - 0.8 V 

High Level Input Voltage VIH IIH = ±1011A max 2 - - V 

Low Leilel Output Voltage VOL IOL=3.2mA - - 0.4 V 

High Level Output Voltage VOH 10H= 1.0mA 2.4 - - V 

Open SiBte OUtput Current loz GND<Dx<V+ -10 - 10 IIA 

Input Leakage Current, Analog II -2.5V S VFxH S 2.5V -200 - 200 nA 
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Transmit and Receive Filter Ti'ansfer Characteristics 
V+ = 5V ±5%, V- = -5V ± 5%, BCL~ = BCLKx = MCLKx = 1.544MHz, VIN = OdBmO, T" = O"C to 7O"C 

UMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Transmit Gain GAl( f= 16Hz - - -40 dB 
(Relative to Gain at 1020Hz) 
Input Amplifier Set to Unity Gain f=50Hz - - -30 dB 

f=60Hz - - -26 dB 

f=2ooHz -1.8 - -0.1 dB 

f = 300 to 3000Hz -0.15 - 0.15 dB 

f=33OOHz -0.35 - 0.05 dB 

f=3400Hz -0.7 - 0 dB 

f=4000Hz - - -14 dB 

fO!4600Hz, - - -32 dB 
Measure 0 - 4kHz Response 

Receive Gain GRR f = OHz to 3000Hz -0.15 - 0.15 dB 
(Relative to Gain at 1020Hz) 
(Includes (SIN X)IX Compensation) f=3300Hz 

f=34ooHz 

f=4000Hz 

A.C. Specifications 
Unless otherwise specified, the following conditions apply: 

V+=5V±5%, V-=-5V±5% 
GND", GNDo = OV, FFX = 1020Hz at OdBmO 
11"ansmlt input amplifier operating In a unity gain configuration 
Temperature •..•..••..••••.••••••••••••.••.••. O"C to 70"C 
Receive output is measured slngle-ended. All output levels are 
(SIN X)IX corrected. 

A.C. Specifications: Encoding Format at Ox Output 

CD22357A 
Il·LAW 

VIN (at GSx) = +Full-Scale 1 0 0 0 0 0 

VIN (at GSx) = OV\ 1 1 1 1 1 1 

0 1 1 1 1 1 

VIN (at GSX> = -FUll-Scale 0 0 0 0 0 0 

-0.35 

-0.7 

-

Definition 

AMPUTUDE RESPONSE 
Absolute Levels Definition: 

VREF =-2.5V 

- 0.05 dB 

- 0 dB 

- -14 dB 

Nominal 0 dBmO level ..•••••.•••.••••••.•. 4dBm Into soon 
1.2276VRMS 

Maximum OVerload Level: 
Voltage reference (VREF) of -2.5V .••.••••••.••.•• 2.5V Il-Law 

2.49VA-Law 

CD22354A 
A·LAW 

(INCLUDES EVEN BIT INVERSION) 

0 0 1 0 1 0 1 0 1 0 

1 1 1 1 0 1 0 1 0 1 

1 1 0 1 0 1 0 1 0 1 

0 0 0 0 1 0 1 0 1 0 
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A.C. Distortion Specifications 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Signal to Total Distortion STDx,STDR Level = -+3dBmO 33 - - dBC 
Xmitor Rcv 

Level = 0 to -3OdBmO 36 - - dBC 

Level = -40dBrnO 30 - - dBC 

Level = -55dBm0, XMT 14 - - dBC 

Level = -55dBrnO, Rev 15 - - dBC 

Single Frequency Distortion SFDx,SFDR - - -46 dBC 
Xmitor Rcv 

Intermodulation IMD VFX = -4dBmO to -21 dBmO - - -41 dB 
(End-ta-End Measurement) 11, 12 from 300 to 3400Hz 
2-Tone 

Transmit Delay, Absolute loA)( 1= 1600Hz - 280 315 lIS 

Transmit Envelope Delay IoEX 1 = 500-600Hz - 170 220 lIS 
Relative to loA)( 

1 = 600-1000Hz - 70 145 lIS 

1 = 1000-2600Hz - 40 75 lIS 

1 = 2600-2800Hz - 90 105 lIS 

Receive Delay, Absolute !oAR 1= 1600Hz - 180 200 lIS 

Receive Envelope Delay IoER 1 = 500-600Hz -40 -25 - lIS 
Relative to IoAR 

1 = 800-1000Hz -40 -25 - lIS 

1 = 1000-2600Hz - 60 90 lIS 

1 = 2600-2800Hz - 110 125 lIS 

A.C. Specifications: Gain Tracking 

LIMITS 

PARAMETER SYMBOL TEST CONDmONS MIN TYP MAX UNITS 

Transmit Gain Tracking Error GTX +3 to -40dBmO - - ±0.2 dB 

-40 to -5OdBmO - - ±0.4 dB 

-50 to -55dBmO - - ±1.2 dB 

Receive Gain Tracking Error GTR +3 to -4OdBmO - - ±C.2 dB 

-40 to -5OdBmO - - ±0.4 dB 

-50 to -55dBrnO - - ±1.2 dB 
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A.C. Specifications: Gain Tracking (Continued) 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Transmit Input Amplifier Gain, AoL. RL~1MnatGSx 68 · . dB 
Open Loop 

Transmit Input Amplifier Gain, Act. Unity Gain Configuration .0.01 · 0.01 dB 
Unity Inverting or Non-Invertlng 

RL~ 10K, CLS 50pF 

Transmit Gain, Absolute GlCA RL ~ 10K, CL S 50pF .0.15 · 0.15 dB 

Receive Gain, Absolute GRA ~ ~ 6OOV, CL S SOOpF .0.15 · 0.15 dB 

A.C. Noise Specifications 

LIMITS 

PARAMETER SYMBOL TEST CONDmONS MIN TYP MAX UNITS 

Transmit Noise Nx VFx!·=GND · 12 15 dBrncO 

VFx!+=GND · ·74 .fjf dBrnOp 

ReceIve Noise NR PCM Code Equivalent · 7 11 dBrncO 
to Zero Volts 

· -83 ·79 dBrnOp 

V+ Power Supply Rejection PSRR VFxl+=OV 40 · · dBC 
Transmit V+ = 5V + (100mVRUS> 

f = Oto 50kHz 

V· Power Supply Rejection PSRR VFxl·=OV 40 · · dBC 
Transmit V· = ·5V + (10OmVRMs> 

f= Oto 50kHz 

V+ Power Supply Rejection PSRR PCM Code = All 1 Code 40 · · dBC 
Receive V+ = 5V + (100mVRUS> 

f=Oto4kHz 

f = 4k to 25kHz 37 · · dB 

f = 25k to 50kHz 36 · · dB 

V· Power SUpply Rejection PSRR PCM Code = Alii Code 40 · · dBC 
Receive V· = ·5V + (100mVRMs> 

f=Ofo4kHz 

f = 4k to 25kHz 40 · · dB 

f = 25k to 50kHz 36 · · dB 

Cross Talk Transmit to Receive CTXR VFxi· = OdBmO at 1020Hz · -80 ·70 dB 

Cross Talk Receive to Transmit CTRX DR = OdBmO at 1020Hz, · ·76 "70 dB 
VFxi·=OV 
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A.C. Timing Specifications 

LIMITS 

PARAMETER SYMBOLS TEST CONDITIONS MIN TYP MAX UNITS 

Frequency of Master Clocks l/1pu Depends on the Device Used - 1.536 - MHz 
and the BCLKw'CLKSEL Pin 

- 1.544 - MHz 

MCLKx and MCL~ - 2.048 - MHz 

Width of Master Clock High tWUH MCLKx and MCL~ 160 - - ns 

Width of Master Clock Low twilL MCLKx and MCL~ 160 - - ns 

Rise Time of Master Clock IAII MCLKx and MCL~ - - 50 ns 

FaD Time of Master Clock "'II MCLKx and MCL~ - - 50 ns 

Set-up Time from BCLKx High IseFII First Bit Clock after the Leading 100 - - ns 
(and FSx in Long Frame Sync Edge of FSx 
Mode) to MCLKx Falling Edge 

Period of Bit Clock fpg 485 488 15.725 ns 

Width of Bit Clock High twBH V1H =2.2V 160 - - ns 

Width 01 Bit Clock Low twBL V1L =0.6V 160 - - ns 

Rise Time of Bit Clock lAB fpg= 488ns - - 50 ns 

Fall Time of Bit Clock "'B fpg = 488ns - - 50 ns 

Hold Time from Bit Clock Low to IHBF Long Frame Only 0 - - ns 
Frame Sync 

Hold Time from Bit Clock High to t.roLO Short Frame Only 0 - - ns 
Frame Sync 

Set-up Time from Frame Sync to tSFB Long Frame Only 80 - - ns 
Bit Clock Low 

Delay Time from BCLKx High to loBO Load = 150pF plus 2 LSTTL 0 - 180 ns 
Data Valid Loads 

Delay Time to TSx Low tXDP Load = 150pF plus 2 LSTTL - - 140 ns 
Loads 

Delay Time from BCLKx Low or lozc 50 - 165 ns 
FSx Low to Data OUtput Disabled 

Delay Time to Valid Data from loZF CL = OpF to 150pF 20 - 165 ns 
FSx or BCLKx• Whichever Comes 
Later 

Set-up Time from DR Valid to !soB 50 - - ns 
BCL~Low 

Hold Time from BCLKRIX Low to IHBO 50 - - ns 
DR Invalid 

Set-up Time from FSXIR to BCLKXIR !sF Short Frame Sync Pulse 50 - - ns 
Low (lor 2 Bit Clock Periods Long) 

(Note 1) 

Hold Time from BCLKXIR Low to IHF Short Frame Sync Pulse 100 - - ns 
FSXIR Low (lor 2 Bit Clock Periods Long) 

(Note 1) 
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A.C. Timing Specifications (Continued) 

LIMITS 

PARAMETER SYMBOLS TEST CONDITIONS MIN TYP MAX UNITS 

Hold Time from 3rd Period of Bit IHBFl Long Frame Sync Pulse 100 . - ns 
Clock Low to Frame Sync (from 3 to 8 Bit Clock Periods Long) 
(FSx or FSR) 

Minimum Width of the Frame IwFl 64K Bills Operating Mode 160 - - ns 
Sync Pulse (Low Level) 

NOTE: 
1. For short frame sync timing, FSx and FSR must go high while their respective bit clocks are high. 

Pin Function and Description 

PIN NO. SYMBOL DESCRIPTION 

1 v- Negative power supply, V- = -5V ± 5%. 

2 GND Analog and digital ground. All signals referenced to this pin. 

3 VFRO Analog output of RECEIVE FILTER. 

4 v+ Positive power supply, V+ = +5V ± 5%. 

5 FSR Receive Frame Sync Pulse which enables BCL~ to shift PCM data Into DR' FSR Is an 8kHz PULSE 
TRAIN. 

6 DR Receive Data Input PCM data Is shifted Into DR following the FSR leading edge. 

7 BCLKFlCLKSEL The Receive Bit Clock, which shifts data Into DR after the frame sync leading edge, may vary from 64kHz 
to 2.048MHz. Alternatively, the leading edge may be a logic Input which selects either 1.536MHzI 
1.544MHz or 2.048MHz for Master Clock In synchronous mode and BCLKx Is used for both transmit and 
receive directions. 

8 MCLKWPDN Receive Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May be asynchronous with MCLKx, 
but best performance Is realized from synchronous operation. When this pin Is continuously connected 
low, MCLKx is selected for all internal timing. When this pin is continuously connected high, the device Is 
powered down. 

9 MCLKx Transmit Master Clock. Must be 1.536MHz, 1.M4MHz or 2.048MHz. May be asynchronous with MCL~, 
but best performance Is realized from synchronous operation. 

10 BCLKx The Bit Clock which shifts out the PCM Data on Ox. May vary from 64kHz to 2.048MHz, but must be syn-
chronous with MCLKx. 

11 Ox The TRI-8TATE PCM Data Output which Is enabled by FSx• 

12 FSx Transmit Frame Sync Pulse input which enables BCLKx to shift out the data on Ox. FSx Is an 8kHz 
PULSE TRAIN. 

13 i'S"x Open drain output which pulses low during the encoder time slot 

14 GSx Transmit gain adjust 

15 VFxl- Inverting Input of the transmit Input ampUflar. 

16 VFxl+ Non-inverting Input of the transmit Input amplifier. 
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FuncUonalDescrlpUon 
Power-Up 

When power is first applied. the Power-On reset circuitry in~ial
izes the COOEC and places it in a Power-Down mode. When the 
COOEC retums to an actNe state from the Power-Down mode. 
the receille output is muted briefly to minimize tum-on "click". 

To power up the device. there are two methods available. 
1. A logical zero at MCLK#ON will power up the device. 

provided FSx or FSR pulses are present. 

2. Altematively. a clock (MCLKR) must be applied to MeLKA" 
PON and FSx or FSR pulses must be present. 

Power-Down 

Two power-down modes are available. 
1. A logical 1 at MCLK#ON. after approximately 0.5ms. will 

power down the device. 

2. Altematively. hold both FSx and FSR continuously low. 
the device will power down approximately 0.5ms after the 
last FSx or FSR pulse. 

Synchronous Operation 
(TransmH and Receive Sections use the Same Master 
Clock) 

The same master clock and bit-clock should be used for the 
receive and transmit sections. MCLKx (pin 9) is used to provide 
the master clock for the transm~ section; the receive section will 
use the same master clock if the MeLK#0N (pin 8) is 
grounded (synchronous operation). or at V+ (power-down 
mode). MCLK#ON may be clocked only if a clock is provided 
at BCLKA"CLKSEL (pin 7) as in asynchronous operation. 

The BCLKx (pin 10) is used to provide the b~ clock to the trans
mit section. In synchronous operation. this bit clock is also used 
for the receive section if MCLK#ON (pin 8) is grounded. 
BCLKfII'CLKSEL (pin 7) is then used to select the proper inter
nal frequency division for 1.544MHz. 1.536MHz or 2.048MHz 
operation (see Table below). For 1.544MHz operation. the 
device automatically compensates for the 193rd clock pulse 
each frame. 

Each FSx pulse begins the encoding cycle and the PCM data 
from the previous encode cycle is shifted out of the enabled Ox 
output on the leading edge of BCLKx• After 8 bit-clock periods. 
the tristate Ox output is returned to a high impedance state. 
With an FSR pulse. PCM data is latched via the DR input on the 
negatille edge of the BCLKx. FSx and F~ must be synchro
nous with MCLKx. 

CLOCKING OPTIONS 

MASTER CLOCK 

BCLIG!fCLKSEL FREQUENCY SELECTED 

MODE (pIN 7) CD22354A<IL) CD22357 A (A) 

Asynchronous Clocked 1.536MHzor 2.048MHz 
or 1.544MHz 
Synchronous 

Synchronous 0 2.048MHz 1.536MHzor 
1.544MHz 

Synchronous 1(01' open circuit) 1.536MHzor 2.048MHz 
1.544MHz 

Asynchronous Operation 
(Transmit and Receive Sections use Separate Master 
Clocks) 

For the CD22357A. the MeLKx and MCL~ must be 
2.048MHz and b' the CD22354A must be 1.536MHz or 
1.544MHz. These clocks need not be synchronous. HOW8IIer. 
for best transmission performance. it is recommended that 
MCLKx and MC~ be synchronous. 

For 1.544MHz operation the device automatically compensates 
for the 193rd clock pulse each frame. FSx starts the encoding 
operation and must be synchronous with MCLKx and BCLKx. 
FSR starts the decoding operation and must be synchronous 
with BC~. BC~ must be clocked in asynchronous opera
tion. BCLKx and BC~ may be between 64kHz - 2.D4MHz. 

Short-Frame Sync Mode 

When the power is first applied. the power initialization circuitry 
places the COOEC in a short-frame sync mode. In this mode 
both frame sync pulses must be 1 b~-clock period long. with the 
timing relationship shown in Figure 1. 

With FSx high during the falling edge of the BCLKx. the next 
rising edge of BCLKx enables the Ox tristate output buffer. 
which will output the sign bit. The bllowing rising sellen edges 
clock out the remaining sellen bits upon which the next falling 
edge will disable the Ox output. 

With F~ high during the falling edge of the BCL~ (BCLKx in 
synchronous mode). the next falling edge of BC~ latches in 
the sign bit. The bllowing sellen edges latch in the sellen 
remaining bits. 

Long-Frame Sync Mode 

In this mode of operation. both of the frame sync pulses must 
be three or more bit-clock periods long with the timing relation
ship shown in Figure 2. 

Based on the transmit frame sync FSx. the COOEC will sense 
whether short or long-frame sync pulses are being used. 

For 64kHz ope!ation the frame sync pulse must be kept low for 
a minimum of leons. 

The Ox tristate output buffer is enabled with the rising edge of 
FSx or the rising edge of the BCLKx. whichever comes later 
and the first bit clocked out is the Sign bit. The following sellen 
rising edges of the BCLKx clock out the remaining sellen bits. 
The Ox output is disabled by the next falling edge of the BCLKx 
following the 8th rising edge or by FSx going low whichever 
comes later. 

A rising edge on the receille frame sync. FSR• will cause the 
PCM data at DR to be latched in on the next falling edge of the 
BCL~. The remaining sellen bits are latched on the succes
sive sellen falling edges of the bit-clock (BCLKx in synchronous 
mode). 

Transmit Section 

The transmit section consists of a gain-adjustable input opo 
amp, an anti-aliasing filter. a low-pass filter. a high-pass filter 
and a compressing AID conIIerter. The input op-amp drilles a 
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RC active anti-aliasing filter. this filter eliminates the need for 
any off-chip filtering as it provides 3O-cIB attenuation (minimum) 
at the sampling frequency. From this filter the signal enters a 
5th order Iow-pass filter clocked at 128kHz, followed by a 3rd 
order high-pass filter ctock at 32kHz. The output of the hlgl-pass 
filter directly drives the encoder capacitor ladder at an 8kHz 
sampling rate. A precision voltage reference is trimmed il 
manufacturing to provide an ilput OIIerload of nominally 2.5 
VPEAK' Transmit frame sync pulse FSx controls the process. The 
8-bit PCM data is clocked out at Ox by the BCL.Kx. BCL.Kx can 
be varied from 64kHz to 2.048MHz. 

MCLK A 

MCLK x 

BCLKX 

BCLi<R 

Receive Section 

The receive section consists of an expanding DlA COIlIIerter and 
a Iow-pass filter which fulfills both the AT&T D3ID4 specifICations 
and CCITT recommendations. PCM data enters the receive sec
tion at DR upon the OCCUI1'8llCe of FSR. Receive Frame sync 
pulse. BC~. Receive Data Clock, which can range from 64kHz 
to 2.048MHz, clocks the 8-bit PCM data into the receive data 
register. A DlA COIlIIersion is perbrmed on the 8-bit PCM data 
and the corresponcIilg analog signal is held on the DlA capacitor 
ladder. This signal is transferred to a switched capacitor Iow-pass 
filter clocked at 128kHz to smooth the sample-and-hold signal as 
well as to compensate for the (SIN X)IX distortion. 

The filter is then followed by a second order Sallen and Key 
active filter capable of driving a 6000 load to a level of 7.2dBm. 

FIGURE 1. SHORT FRAME-8YNC TIMING 
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__ IWWL 

MCLi<R 

MCLXx 

BCLKX 

FIGURE 2. LONG FRAME-8YNC TIMING 
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Features 
• 96 Analog Switches 

• LowHoN 
• Guaranteed RoH Matching 
• Analog Signa/input VoItaga Equal To 111a Supply Voltage 

• Wide Operating Voltage: 4V To 16V 

• Parallel Input Addressing 

• High Latch Up Currant: SOmA Minimum 

• Very Low Crosstalk 
• Pin And Functionally Compatible With The Following 

Types: SGS M3493, SGS M093, SSI 78A093A, and 
Mltel MT8812 

Applications 

• PBX Systems 
• Instrumentation 

• Analog And Digital Multiplexers 

• Video Switching Networks 

Pinouts 
CD22M3493 (PDlP) 

TOP VIEW 

CD22M3493 

Description 

12 X 8 X 1 BiMOS-E 
Crosspoint Switch 

The Harris CD22M3493 is an array of 96 analog switches capa
ble of handling siglais from DC to video. Because of the switch 
structure. ilput signals may swing through the total supply volt
age range, Voo to Vss.· Each of the 96 switches may be 
addressed via the ADDRESS ilput to the 7 to 96 lile decoder. 
The state of the addressed switch is established by the signal to 
the DATA input A low or logic zero input will open the switch, 
while a high logic level or a one will result il closure of the 
addressed switch when the STROBE input goes high from its 
normally low state. Any number or cornbilation of connections 
may be active at one time. Each connection, however, must be 
made or broken individually in the manner previously described. 
All switches may be reset by taking the RESET input from a zero 
state to a one state and then retuming it to its normal low state. 

Ordering Information 
PART NUMBER TEMPERATURE RANGE PACKAGE 

CD22M3493E -40"C to +86°C 40 Lead Plastic DIP 

CD22M3493Q -40"C to +86°C 44LeadPLCC 

CD22M3493 (PLCC) 
TOP VIEW 

.... 

i ~ ! S ~ u ~ ~ ~ l?i ;: ~ z a: 

HC He 
He He 
XI XO 

'D Xl 

XI X2 

X8 X3 

X10 X4 

Xll XI 

He HC 
He He 
He He 

~ ~ w ~~ >! ~ ~ ~ i u ... z 

! 
ii( 

CAUTION: These devices are sensHiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2491.2 
Copyright @ Harris Corporation 1993 
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Block Diagram 

AXO 
AX1 
An 
AX3 
AYO 
AY1 
AY2 

Pin Descriptions 

40 LEAD 
SYMBOL PLASTIC DIP 

POWER SUPPLIES 

Voo 40 

Vss 20 

ADDRESS 

AXO-AX3 5,22,23, &4 

AYO-AY2 24,25,&2 

CONTROL 

DATA 38 

STROBE 18 

RESET 3 

INPUTS/OUTPUTS 

XO-X5 33-288-13 
110 

X6-X11 

YO-Y7 35, 37, 39, 1, 
110 21,19,17 & 15 

STROBE 

44 LEAD PLCC 

44 

22 

5,24,25, &4 

26,27,&2 

42 

20 

3 

37-329-14 

40,41,43,1, 
23,21,19& 18 

CD22M3493 

DATA RESET 

Positive Supply 

Negative Supply 

Voo 

12X8 
SWITCH 
ARRAY 

YO-Y7 

DESCRIPTION 

X Address Lines. These pins select one of the 12 rows of switches. See the Truth 
Table for the valid addresses. 

Y Address Unes. These pins select one of the 8 columns of switches. See the Truth 
Table for the valid addresses. 

DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low 
or zero results in no action. The ADDRESS Input must be stable before the STROBE 
Input goes to the active high level. The DATA Input must be stable on the failing edge 
of the STROBE. 

MASTER RESET. A high or one on this line opens all switches. 

Analog or DigitallnputsfOUlputs. These pins are the rows XO - X11. 

Analog or DlgitallnputsfOUlputs. These pins are the columns YO - Y7. 
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Absolute M8l(lmum Ratings. 
oCSupply Voltage (Veo): 

Specifications CD22M3493. 

Operating Ternper8tute Range (T,.): 
(Voltages Referenced to V ssl ............ , ........ ..(l.5 to + 17V Package TypeE ~ a .......... , ............ -40"C to +85°C 

Storage Temperature Range (T sTa) ••••••••••.• -6500 to + 15O"C 
Lead Temperature (Soldering 10 Sec.) ...••.......••... +3OO"C 

DC InpUt Diode Current, IIN •••••••••••.•••.••••••.•••••. ±2OmA 
(For VI < Vss ..(l.5V or VI > Vcio +C.SV) 
DC Output Diode CUrreot, 101( .••••••••••••••••••••••••••• ±20mA 
(For Vo < Vss ..(l.5V or Vo > Voo +C.5V) 
DC Transmission Gate Current •.•.••.•..••.••..••.•.••.• ±25rnA 
Power Dissipation Per Package (Po): 
For T" = -40"C to +85°C •.•••.•• , •.••.•••••••••..••• 500mW 
(Package ~ E, 40 Pin Plastic DIP) 
For T" = -40"C to +8500 ..... , .••.••••.•••••..•••••.. 600mW 
(Package 1\'P9 a; 44 Pin PLCC) . 

Recommended Operating Conditions 
For maximum reliability, nornlnaloperating conditions should be selected so that operation Is always within the f9llow1ng ranges: 

LIMITS 

PARAMETERS MIN MAX 

Supply Voltage Range (For T" = Full Package Temperature Range) Vss = OV Voo 4 16 

DC loputor OutputVoitageWorVo Vss Voo 
DigltallnputVoltage Vss Voo 

Dynamic Electrical Specifications (T" = -40"C to +8500) Vss = OV, Voo = 14V,Uniess Otherwise Specffied 

PARAMETERS 

SUpply Current 

High-level Input Voltage 

Low-Level Input Voltage 

Input Leakage Current, DIgital. 

PARAMETERS 

ON Reslstan08 

ON Resistance 

Difference In ON Reslstsilce between 
any two switches 

Difference In ON ResistanCe between 
any two switches 

OFF-State Leakage Current. 

NOTES: 

1. Reset IIH < 2rnA, Reset.: Veo = 16V 
2 .. At +25"C Umlt is ±100nA 

SYMBOL 

100 

VIH 

VIL 

liN 

SYMBOL 

RoN 

RoN 

ARoN 

ARoN 

IL 

CONTROLS CONomONS 

Voo=5V logic Inputs = Veo . 

Voo= 16V Logic Inputs = Voo 

Reset = Low (Note 1) 

CROSSPOINTS CONDITIONS 

T,,=+25oo, Voo=5V 
VIN =Vor12 
VX - VY = 0.25V Voo=14V 

T" = -40"C to +85°C Veo=5V 
VIN =Vor12 
VX - VY .: 0.25V Voo= 14V 

T,,=+25"C 
VIN =Vor12 
VX - VY = 0.25V Voo= 14V 

T" = -4O"C to +8500 
VIN = Vor12 
VX - VY = 0.25V Voo= 14V 

IVX - VYI = 14V 
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MIN TYP MAX 

- - 2 

- - 5 

2.4 - -
- - 0.8 

- - ±10 
(Note 2) 

MIN TYP MAX 

- 40 70 

- 22 45 

- - 80 

- - 55 

- 4 10 

- - 10 

- - ±10 
(Note 2) 
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Specifications CD22M3493 

Dynamic Electrical Specifications (TA = +25°C), Vss = OV, voo = 14V, CL = SOpF, Unless Otherwise Specilled 

PARAMETERS CROSSPOINTS CONDITIONS MIN TVP MAX UNITS 

Switch VO Capacitance VIN = 7V, I = lMHz - 20 - pF 

Switch Feedthrough Capacitance VIN = 7V, f = lMHz - 0.2 - pF 

Propagation Delay Time (switch ON) - 30 100 ns 
Signal Input to Output, IpHL or IpLH 

Frequency Response Channel ON CL = 3pF, RL = 75n, VIN = 2Vp.f> - 50 - MHz 
I = 2010g (VX/VY) = -3dB 

Total Harmonic, THO VIN = 2Vp_p, I = 1kHz - 0.01 - % 

Feedthrough Channel OFF VIN = 2Vp_p, I = 1kHz - -95 - dB 
Feedthrough = 20109 (VX/VY) = FOT 

Frequency lor Signal Crosstalk, ICT 4OdB, VIN = 2Vp_p, RL = 75n - 10 - MHz 

Attenuation 01: 110dB, VIN = 2Vp_p, RL = lkCl II 10pF - 5 - kHz 

Control Crosstalk Control Input = 3V pop - 75 - mVPK 
DATA-Input, ADDRESS, Square Wave, IR = IF = 10ns 
or STROBE to Output RIN = lK, RoUT = 10kCl II 10pF 

Dynamic Electrical Specifications (TA = +25°C), Vss = OV, voo = 14V, RL = lkn II 50pF, Unless Otherwise Specified 

PARAMETERS SYMBOL CONTROLS CONDITIONS MIN TYP MAX UNITS 

Digital I nput Capacitance CIN VIN = 5V, f= lMHz - 5 - pF 

Propagation Delay Time STROBE 10 Output 

(SWitch turn-ON) IpSN - 30 100 ns 

(Switch turn-OFF) IpSF - 40 100 ns 

DATA-In to Output 

(Turn-ON to high level) IpzH - 30 100 ns 

(Turn-ON to low level) IpZL - 30 100 ns 

ADDRESS 10 Output 

(Turn-ON to high level) ~N - 30 100 ns 

(Turn-OFF to low level) IpAF - 25 100 ns 

Set-up Time 

DATA-in to STROBE los 20 - - ns 

ADDRESS 10 STROBE lAS 20 - - ns 

Hold Time 

STROBE 10 DATA-In IoH 20 - - ns 

STROBE 10 ADDRESS IAH 10 - - ns 

PulseWidlh 

STROBE tspw 30 - - ns 

RESET tRPW 50 - - ns 

RESET Turn OFF to Outpul Delay IpHZ - 100 200 ns 
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Timing Diagram 

ADDRESS WSO% 
J~ 

50% 

.... tAS !--'sPw .... tAlI 

~-
'50% 

,.:.:... 
STROBE 

J 
.-- tPSF-

.... tos ~ 
-'ott- r--

DATA 
, 

" 50% J~ 50% J~ 

~'-..::::1 
RESET '50% \50% ... tPAF I- f---tPHZ-

4-tPZL 80% 80% 

SWITCH K ( OUTPUT 

I--tPZH 10% ..... tPAN I--

TRUTH TABLE X AXIS TRUTH TABLE Y AXIS 

X ADDRESS YADDRESS 

AX3 AX2 AX1 AXO NOTE X SWITCH AY2 AY1 AYO YSWITCH 

0 0 0 0 XO 0 0 0 YO 

0 0 0 1 X1 0 0 1 Y1 

0 0 1 0 X2 0 1 0 Y2 

0 0 1 1 X3 0 1 1 Y3 

0 1 0 0 X4 1 0 0 Y4 

0 1 0 1 X5 1 0 1 Y5 

0 1 1 0 1 No Connect 1 1 0 Y6 

0 1 1 1 1 No Connect 1 1 1 Y7 

1 0 0 0 X6 

1 0 0 1 'X:1 

1 0 1 0 X6 

1 0 1 1 X9 

1 1 0 0 X10 

1 1 0 1 X11 

1 1 1 0 1 No Connect 

1 1 1 1 1 No Connect 

NOTE: 1. When X switch addresses are in these states, no change in 
status will occur in switches between any X and Y points. 

To make a connection (close switch) between any two points, specify an ·X· address, a ·V· address, set "Data" high, and 

switch ·Strobe" from low to high. To break a connection, follow this same procedure with "Data" low.: 

X ADDRESS YADDRESS 

Example: DATA AX3 AX2 AX1 AXO AY2 AY1 AYO 

To connect switch X3 to switch V 4: 1 0 0 1 1 1 0 0 

To connect switch X6 to switch Y7: 1 1 0 0 0 1 1 1 

To break connection from X3 to V 4: 0 0 0 1 1 1 0 0 
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Features 

• 128 Analog Switches 

• LowRON 

• Guaranteed RoN Matching 

CD22M3494 

Description 

16 X 8 X 1 BiMOS-E 
Crosspoint Switch 

• Analog Signal Input Voltage Equal to the Supply Voltage 

The Harris CD22M3494 is an array of 128 analog switches 
capable of handling signals from DC to video. Because of the 
switch structure, input signals may swing through the total sup
ply voltage range, Voo to VEE. Each oftha 128 switches may be 
addressed via the ADDRESS input to the 7 to 128 line decoder. 
The state of the addressed switch is established by the signal to 
the DATA input. A low or zero input will open the switch, while a 
high logic level or a one will result in closure of the addressed 
switch when the STROBE input goes high from its normally low 
state. Any number or combination of connections may be active 
at one time. Each connection, however, must be made or bro
ken individually in the manner previously described. All 
switches may be reset by taking the RESET input from a zero 
state to a one state and then returning it to its normal low state. 

• Wide Operating Voltage: 4V to 1SV 

• Parallel Input Addressing 

• High Latch Up Current: SOmA Minimum 

• Very Low Crosstalk 

• Pin And Functionally Compatible with the Following 
Types: SGS M3494 and Mltel MT8816 

CS allows crosspoint array to be cascaded for matrix expansion. 
Applications 

• PBX Systems Ordering Information 
• Instrumentation TEMPERATURE 

• Analog And Digital Multiplexers PART NUMBER RANGE PACKAGE 

• Video Switching Networks 
CD22M3494E -4O"C to +8500 40 Lead Plastic DIP 

CD22M3494MQ -4O"C to +8500 44 Lead PLCC 
(Mite! Lead Compatible) 

CD22M3494SQ -4O"C to +8500 44 Lead PLCC 
(SGS Lead Compatible) 

Pinouts 
CD22M3494E CD22M3494MQ (PLCC) CD22M3494SQ (PLCC) 

(PDIP) (MITEL LEAD COMPATIBLE) (SGS LEAD COMPATIBLE) 
TOP VIEW TOP VIEW TOP VIEW 

Y3 Voo .. 
~ ~ e i s ~ ~ ~ ~ ~ ~ ~~e=s~~~~~rJ AY2 2 Y2 

RESET DATA 
AX3 4 Yl 

AXO CS Xl. YO XI. cs 
XI4 YO XIS NC XIS NC 
X15 NC X5 xo X6 xo 

X5 xo 'IJ XI 'IJ XI 
'IJ Xl XI X2 XI X2 
XI X2 XI X3 XI X3 
XI X3 Xl0 X4 Xl0 X4 

Xl0 X4 XU lIS XU X5 
Xl1 xs NC X12 NC X12 

NC X12 NC XII NC XII 

Y7 X13 Y7 NC Vss NC 

'Iss AYI 

Y6 AYO 
STROBE AX2 :!I~I~,!l~~a~i~ ~ ~ I ~ ,!l ~ ~ a ~ i ~ 

Y5 AXI 

VeE Y4 

CAUTION: These d""lces are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1993 

File Number 2793.2 
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Block Diagram 

TSTyBE yTA RySET 
'bo 

I 1 I 1 1 
AXO_ r-- - - -AX!~ 
~~ 7TOl28 LATCHES LEVEL laX8 

~E DECODER SHIFTERS SWITCH XO·X15 

..!!! 
ARRAY mo.- ~ .!!!. 

'-- '-
A Vss A 'lEE • YO·Y7 • 

Pin Descriptions 

44LEAO 
40 LEAD PLCC 
PLASTIC 

SYMBOL DIP MQ SQ DESCRIPTION 

POWER SUPPLIES 

Voo 40 44 44 Positive Supply 

Vss 16 18 17 Negative Supply (Digital) 

VEE 20 22 22 Negative Supply (Analog) 

ADDRESS 

AXO·AX3 5,22,23,& 5,24,25,&4 X Address Unes. These pins select one of the 16 rows of switches. See the ll'uIh Table 
4 for the valid addresses. 

AYO·AY2 24,25,&2 26,27,&2 Y Address Unes. These pins select one of the 8 columns of switches. See the ll'uIh Table 
for the valid addresses. 

CONTROL 

DATA 38 42 DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

STROBE 18 20 STROBE 1npu1 enables the action defined by the DATA and ADDRESS Inputs. A low or 
zero results In no action. The ADDRESS Input must be stable before the STROBE Input 
goes to the active high level. The DATA Input must be stable on the failing edge of the 
STROBE. 

RESET 3 3 MASTER RESET. A high or one on this line opens all switches. 

CS 36 40 39 CHIP SELECT. Device is selected when CS is at a high 1IlV8I, allows the crosspoint array 
to be cascaded for matrix expanlon. 

INPUTSIOUTPUTS 

XO·X5 33·28 37·32 Analog or DlgltallnputslOutputs. These pins are the rows XO· X15. 
X6·X11 6 ·13 9·14 

X12 ·X15 27,26,6,7 31,30,7,8 

YO·Y7 35,37,39, 40,41,43, Anslog or DlgitallnputslOUlpuls. These pins are the columns YO • Y7. 
110 1,21,19, 1,23,21, 

17& 15 19& 18 
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Specifications CD22M3494 

Absolute Maximum Ratings 
DC Supply Voltage (Voo): 
(Voltages Referenced to VEE)' •••••••••••••••••••• -0.5 to +16V 
DC Supply Voltage (Voo): 

For TA = -40"C to +85°C •••••••••••••••••••••••••••• 600mW 
(Package ~ Q, 44 Lead PLCC) 

Operating Temperature Range (TAl: 
(Voltages Referenced to V sal ...................... -0.5, + 16V 
DC Input Diode Current, liN ••••••••••••••••••••••••••••• ±20mA 
(For VI' Digital < Vss -O.5V or VI' Analog < VEE -O.5V or VI > Voo +O.5V) 
DC Output Diode Current, 10K' •••••••••••••••••••••••••• ±20mA 
(For Va. DIgital < Vss -O.5V or Va. Analog < VEE -O.5V 

Package 1}tpe E and Q ••.•••.•..••••••••••. -40"C to +85°C 
Storage Temperature Range (T STG) •••••••••••• -65"0 to + 150°C 
Lead Temperature (Soldering 10 Sac.) ...•............. +3OO"C 

or Vo > Voo +O.5V) 
DC li'ansmlssion Gate Current •••••••••••••••••••••••••• ±25mA 
Power Dissipation Per Package (Po): 
For TA = -40"c to +85"0 •••••••••••••••••••••••••••• SOOmW 

(Package ~ E, 40 Pin Plastic DIP) 
For TA = +6O"C to +85"0 Derate Uneary ••••• 12mWfC to 200mW 

Recommended Operating Conditions 
For maximum reliability, nominal operating conditions should be selected so that operation Is always within the following ranges: 

LIMITS 

PARAMETERS MIN MAX 

Supply Voltage Range (For TA = Full Package Temperature Range) Vss = OV, VEE = OV, Voo 4 15 

DC Input or Output Voltage VI or Vo VEE Voo 
Digital Input Voltage Vss Voo 

Static Electrical Specifications (TA = -4O"C to +6500) Voo = 5V, Vss = OV, VEE = OV, Unless Otherwise Specified 

PARAMETERS SYMBOL CONTROLS CONOmONS MIN TYP MAX 

Supply Current 100 Voo=5V Logic Inputs = Voo - - 2 

Voo= 15V Logic Inputs = Voo - - 5 

High-Level Input Voltage VIH 2.4 - -
Low-Level Input Voltage VIL - - 0.8 

Input Leakage Current, Digital liN Reset = Low (Note 1) - - ±10 
(Note 2) 

Static Electrical Specifications (TA = -4O"C to +6500) Voo = 12V, Vss = OV, VEE = OV, Unless Otherwise Specified 

PARAMETERS SYMBOL CROSSPOINTS CONDITIONS MIN TYP MAX 

ON Resistance RoN VSS=VEE=OV Voo= 10V - 40 75 
TA=+2SOC, - 36 65 
VIN = VorJ2. 
VX-VY=0.2V Voo= 12V 

ON Resistance RoN TA = -40"C to +fl5OC Voo = 10V - 50 75 
VIN = VorJ2. - 45 65 VX-VY=0.2V Voo= 12V 
VSS=VEE=OV 

Difference in ON Resistance between ARoN TA=+2SOC - 6 10 
any two switches VIN = V0rJ2 

VX-VY=0.2V Voo= 12V 
Vss= VEE = OV 
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Specifications CD22M3494 

Static Electrical Specifications (TA = -4OOC to +85"C) Voo = 12V, Vss = OV, VEE = OV, Unless Otherwise Specified (COntinued) 

PARAMETERS SYMBOL CROSSPOINTS CONDITIONS MIN TYP MAX UNITS 

Difference In ON Resistance between 4RoN TA = -40"C to +85°C - - 10 0 
any two switches VIN = VorJ2 

vx-VV= 0.2V VOO= 12V 
VSS=VEE=OV 

OFF-8tate Leakage Currant IL IVX - VVI = 12V - - ±10 jJA 
(Note 2) 

NOTE: 

1. Reset IIH < 20jJA, Resst = VIH 
2. At +25°C Umlt is ±l00nA 

Dynamic Electrical Specifications (TA = +25"C), Vss = Ov. VEE = Ov. Voo = 14V, CL = 5OpF, Unless Otherwise Specified 

PARAMETERS CROSSPOINTS CONOmONS MIN TVP MAX UNITS 

SwItch VO Capacitance VIN = VorJ2, I = lMHz - - 20 pF 

SwItch Feedthrough Capacitance VIN = Vool2, I = lMHz - 0.3 - pF 

Propagation Delay Time (switch ON) - 30 100 ns 
Signal Input to Output,lpHL or IpLH 

Frequency Response Channel ON CL = 3pF, RL = 750, VIN = 2Vp.p - 50 - MHz 
1= 2010g (VXNY) = -3dB 

Total Harmonic, THO VIN =2Vp.p, f = 1kHz - 0.01 - % 

Feedthrough Channel OFF VIN = 2Vp.p, f = 1kHz - -95 - dB 
Feedthrough = 20log (VXNY) = For 

Frequency lor Signal Crosstalk, fer 4OdB, VIN = 2Vp.p, RL = 750 - 10 - MHz 

Attenuation of: 11OdB, VIN = 2Vp•p, RL = lkQ II lOpF - 5 - kHz 

Control Crosstalk Control Input = 3VP-P - 75 - mVPK 
DATA-Input, ADDRESS, Square Wave, '" = IF = 1 Ons 
or STROBE to Output RIN =lK,Rour=10kQlll0pF 

Dynamic Electrical Specifications 
(TA = +25"C), Vss = ov, VEE = Ov. Voo = 14V. At. = lkQ II 5OpF, Unless Otherwise Specified 

PARAMETERS SYMBOL CONTROLS CONOmONS MIN TYP MAX UNITS 

Digital Input Capacitance CIN VIN = 5V, I = lMHz - 5 - pF 

Propagation Delay Time STROBE to Output 

(Switch turn-ON) IpsN - 50 100 ns 

(Switch turn-OFF) IpSF - 50 100 ns 
DATA-In to Output 

(Tum-ON to high level) ~ - 50 100 os 

(Turn-ClN to low level) \pn - 70 100 ns 

ADDRESS to Output 

(Turn-ON to high level) tp",N - 70 - ns 

(Turn-OFF to low level) Ip,.F - 70 - ns 
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Dynamic Electrical Specifications 
(TA = +25"C). Vss = eN. VEE = ov, Voo = 14V, At = 1kn II 5OpF, Unless Otherwise SpecifIed (Continued) 

PARAMETERS SYMBOL CONTROLS CONDmoNS MIN TVP 

Set-upTime 

CS to STROBE Ics 10 -
DATA-in to STROBE los 10 -
ADDRESS to STROBE I.t.s 10 -
Hold Time 

STROBE to CS IcH 10 -
ADDRESS to CS 10 -
STROBE to DATA-In IoH 20 -
STROBE to ADDRESS tAH 10 -
DATA-in to CS 20 

Pulse Width 

STROBE tspw 20 -
RESET 41pw 20 -
RESET Turn OFF to Output Delay ~z - 70 

Timing Diagram 

ICS- :-- - t-- ICH 

CS 50% -,1 \ ... 50% 
J ~ 

ADDRESS ~ 
J 

1 
\ SO'M ~~50% 

1\ 

- lAS :-0- ISpw- IAH I----

STROBE ji{.SO% 

:...-- IPSN---
~~ IPSF---

\ 
IOH - lOS -

DATA ,~ SO% )~ 50% 
J\ 1\ 

_IRPW-

RESET -J 50% ~ SO% 

\ 

SWITCH 
OUTPUT 

-
i--- IpZL 

_lpZH -

IpAF 

80% 

10% 

IpAN 
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-
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TRUTH TABLE X AXIS TRUTH TABLE Y AXIS 

X ADDRESS YADDRESS 

AX3 AX2 AX1 AXO X SWITCH AY2 AY1 AVO YSWITCH 

a a a a xa 0 a 0 vo 
a a a 1 Xl 0 a 1 Vl 

a 0 1 0 X2 0 1 0 V2 

0 0 1 1 X3 0 1 1 V3 

0 1 0 0 X4 1 a 0 V4 

0 1 a 1 X5 1 a 1 V5 

0 1 1 0 X12 1 1 0 V6 

0 1 1 1 X13 1 1 1 Y7 

1 0 0 0 X6 

1 0 a 1 )fJ 

1 0 1 0 X8 

1 0 1 1 X9 

1 1 a a Xla 

1 1 a 1 Xll 

1 1 1 a X14 

1 1 1 1 X15 

To make a connection (close switch) between any two points, specify an ·X· address, a ·V" address, set "Data" high, and 
switch ·Strobe" from low to high. To break a connection, follow this same procedure with "Data" low. 

Example: DATA AX3 

To connect switch X3 to switch V 4: 1 0 

To connect switch X6to switch Y7: 1 1 

To break connection from X3 to V 4: a a 

Voltage and Resistance 

70 

60 

10 

o 

+8&oC 

RoHVSV1N 
at -5SOC, +2500 and +8500 

VEE = -av, Vss = av, Voo = fN 

~ ......... ~ 

r 
Vr 
If ,.. 

+25OC """" 
~ .,,1/ I 

-40"c i-"""" --
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X ADDRESS YADDRESS 

AX2 AX1 AXO AY2 AY1 AYO 

a 1 1 1 0 0 

a a a 1 1 1 

a 1 1 1 a a 
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Features 

• Mute Drivers On-Chlp 

• Device Power can Either be Regulated 
DC or Telephone Loop Current 

• Use of an Inexpensive 3.579545MHz TV 
Crystal Provides High Accurscy and 
Stability for all Frequencies 

Applications 
• For Use In Dual-tone Telephone Dialing 

Systems 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

CD22859E -4O"C to +SSOC 16 Pin 
Plastic DIP 

Pinout 

CD22859 
Monolithic Silicon COSIMOS 

Dual-Tone Multifrequency Tone Generator 

Description 
The CD22859 is a CMOS dual-tone multifrequency (DTMF) tone generator 
for use in dual-tone telephone dialing systems. The device can easily be 
interfaced to a standard push-button telephone keyboard to provide 
enabling operation directly with the telephone lines. 

The CD22859 generates standard DTMF sinusoidal dialing tones from an 
on-chip reference crystal oscillator. The reference oscillator uses an inex
penSive 3.579545MHz color TV crystal to create highly stable and accurate 
tones. The sinusoidal tones are digitally synthesized by a stair-step approxi
mation. 

One of four low-frequency band row tones and one of four high-frequency 
band column tones are selected by driving one of the four row inputs and 
one of the four column inputs low. Simultaneous selection of more than one 
row input and/or more than one column input will inhibit tone generation, or 
generate a Single-tone sinusoid. These operating modes are described in 
the functional truth table. 

Control logic is included to allow easy interface to standard K5QO-type 
telephones. Two CMOS outputs (T x' RX> capable of driving external pnp 
receiver and transmitter muting transistors are provided. A low input to the 
CD pin inhibits tone generation, turns off the reference oscillator and causes 
T x and Rx outputs to go to logic '0'. During tone generation mode. CD = 1 
and T x. Rx = logic 1. 

The row, column and CD inputs are provided with pull-up resistors to allow 
the use of SPST switch matrixes. 

CD22859 
POIP 

TOP VIEW 

CAUTION: These devices Bra sensitive to electrostatic discharge. Users should follow prcpar I.C. Handling Procedures. File Number 1257.2 
Copyright 0 Harris Corporation 1993 
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Specifications CD22859 

Absolute Maximum Ratings 
Supply Voltage (Voo - Vssl •••.•••••.•••••.••.•••• -0.5 to +12V 
Input Voltage ............................ -o.5V to Voo +O.5V 
Power Dissipation, Po 

T" = -4O"C to +6O"C ••••••.•••.•.•••••.•••••••••• SOOmW 
T" = +6O"C to +85°C ••.• Derate Linearly at 12mWf'C to 200mW 

Junction Temperature .............................. +175°C 
Junction Temperature (Plastic Package) •....••...•.•.. +150oC 
Lead Temperature (Soldering 10 Sec.) ••.•....•..••.•.• +3000C 

Operating Conditions 
Power Dissipation Per Output ••••.•.•••.••.••••••••.• 1OOmW 
Operating Temperature Range •••••••••••..•••. -40"C to +85°C 
Storage Temperature Range •••••••.•••.••..•. -65OC to + 15O"C 

CAUTION: Stl'l/SS6S abo .... those Ilstsd In "Absoluts Maximum Ratings" may ClJuse permenent damage to the dsvics. This Is a sms only rating and op9lBtiDn 
of the device at thesa or any other conditions abo .... those indicatsd In the tJpelBtiDnai sections of this sp«:ificatiDn Is not l".,ned. 

Dynamic Electrical Specifications T" = -25°C to +6O"C, All Voltages Referenced to Vss = OV 

LIMITS 
You 

PARAMETER M MIN MAX UNITS 

DC SUPPLY VOLTAGE 

Tone Generation Mode with Valid Input (Note 1) 2.5 10 V 

Non-Tone Generation (Note 2) 1.7 10 V 

OPERATING CURRENT 

Tone Generation Mode 3.7 - 2.7 mA 
(Outputs Unloaded) 

9.3 - 13 rnA 

No Keydown Mode 3.7 - 100 jiA 

9.3 - 200 jiA 

Input Pull-Up Current 3-10 - 400 jiA 

Input Low Voltage (VII) Maximum 3 -10 - 0.2Voo V 

Input Low Voltage (V1H) Minimum 3-10 - O.avoo V 

Static Electrical Specifications T" = -25°C to +6O"C 

LIMITS 
You Yo 

PARAMETER M M MIN MAX UNITS 

TONE OUTPUTS (1\ = 820) 

Yo: Dual-Tone Output 3.7 - 9.3 - 350 700 mVRMS 

Vo (CLl: Single-Tone Output, Column (Note 3) 3.7-9.3 - 300 - mVRMS 

Vo (RL): Single-Tone Output, Row (Note 4) 3.7-9.3 - 260 - mVRMS 

Distortion (Note 5) 3.9- 9.3 - - 10 % 

Rise and Fall Time (Dual-Tone Out) (Note 6) 3.9 -9.3 - - 5 ms 

Pre-Emphasis (Note 7) 3.9 - 9.3 - 1 3 dB 

Output Frequency (Note 8) 3.9 - 9.3 - (Nom.-1%) (Nom. +1%) Hz 
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Specifications CD22859 

Static Electrical Specifications TA = -25°C to +6O"C (Continued) 

LlMrrs 
Voo Vo 

PARAMETER M M MIN MAX UNrrs 

MUTE OUTPUT CURRENT 

Transmitter 1.7 1.2 -0.5 - rnA 

10H (Source) 10 9.5 -3.4 - rnA 

10L(Sink) 10 2.5 - 10 IIA 

Receiver 1.7 1.2 -0.5 - mA 

10H (Source) 10 9.5 -3.4 - mA 

10L(Slnk) 10 2.5 - 10 IIA 

NOTES: 

1. All logic and counters functional. 

2. Mute switches remain open. 

3. Two or more row Inputs low and one column Input low. 

4. Two or more column Inputs low and one row input low. 

5. Distortion is defined as: The ratio of all extraneous frequency components generated In the voiceband 0.5kHz to 3kHz, to the power of 
the dual-tone signal, measure across RL• 

J(V12+V22+ ... +Vn2) 
Distortion = ----,====---

JVL2+VH2 

where V I, V 2 •••• V n are extraneous frequency components In the voiceband O.5kHz to 3kHz, V L Is the low-band frequency tone, and 
V H Is the high-band frequency tone. 

6. Tone rise time is defined as the time for each of the 2 DTMF frequencies to attain 90% of full amplitude, measured from the time when a 
row and column signal are driven low. 

7. Pre-emphasis Is the ratio of the high-group level to the low-group level. 

8. Refer to Figure 1 for standard DTMF frequencies. 

9. Corresponds to nonnal dual-tone operation. 

10. Corresponds to single-tone generation mode. 
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COL 1 COL2 COLa COL 4 

ROW 1 [i] ~ GJ 0 1117 (8It.1) 

ROW 2 GJ 0 0 [!] 770(786.2) 

ROW a I2J 0 [!] 0 8&2(847.4) 

ROW 4 c:J GJ [!J 0 141 (l4t8.0) 

NOMINAL 
1201 1331 1477 1833 OUTPUT 

(121&.8) (1331.7) (1471.1) (1845.0) - FREQUENCY 

FIGURE 1. BELL AND NOMINAL OUTPUT FREQUENCIES (IN PARENTHESIS) FOR 3.579545MHz CRYSTAL 

DTMF GENERATOR FUNCTIONAL TRUTH TABLE 

INPUTS OUTPUTS 

NUMBER OF NUMBER OF ROW 
COLUMN INPUTS INPUTS ACTIVATED OSC 

KEYBOARD MODE ACTIVATED "LOW" "LOW" Co TONE RUNNING Rx Tx 

X X X "0" None No "0" "0" 

No Key Depressed 0 0 "1" None No "0" "0" 

0 1 "1" Dual Tone RA, C1 Yes "1" "1" 

l,2,3,or4 0 "1" None No "0" "0" 

Normal Dialing 1 1 "1" Dual Tone RA, Cs Yes "1" "1" 
One Key Depressed 
(Nole9) 

Two or More Keys In 2,3,or4 1 "1" Single Row Tone RA Yes "1" "1" 
Same Row 
(Note 10) 

Two or More Keys In 1 2,3,01'4. "1" Single Column Tone Yes "1" "1" 
Same Column Cs 

Two or More Keys In 2,3, or4 2,3, or4 "I" None Yes "1" "1" 
Different Rows and 
Columns 

Where: 
X = Do Not Care 
RA refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3, Row 4; Cs refers to Tone Output frequencies corresponding 
to Column 1, Column 2, Column 3, Column 4. 

A=l,2,3,4 B=1,2,3,4 A=B,orA",B 
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Functional Diagram 

VDO 

C2 

is 

Co 

VDO 

M' 

Ai 

iii 

OSC1 

DC 

CD22859 

COL. DIVIDER 
ct-46 C3-38 
C2-42 C4-34 

COLINH 

ROW DIVIDER 
R1-80 R3-6& 
R2·73 R4-&II 

COUNT 
CONT. 

ROWINH 

ENABLE 

RX 

r----,r-----~10 
~-----;--~--~ 

MUTE TX 
CONTROLt-___ -(2 

Vss 
L-____ -<& 

! IT 

VDO 
+ 

RX 

/CD 
TX 

OSC1 

CI 

OSC2 

Vour 

R4 
RL 

Vss 

FIGURE 2. INTERFACE WITH STANDARD K500 TELEPHONE NETWORK 
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April 1993 

Features 
• 64 Analog Switches In an 8 x 8 x 1 Array 

• On-Chlp Une Decoder and Control Latches 

CD74HC22106 
CD74HCT22106 

QMOS 8x8x 1 
Crosspoint Switch with Memory Control 

Description 

• Automatic Power-Up Reset by Using a O.1I1F Capacitor 

The CD74HC22106 and CD74HCT22106 are digitally 
controlled analog switches which utilize Silicon-gate CMOS 
technology. The CD74HC22106 type features CMOS input
voltage-level compatibility and the CD74HCT22106 features 
LSTTL input-voltage-level compatibility. at the MR Pin 

• RON Reslstanced 950 at V cc • 4.SV 

• Analog Signal Capability: Vori2 
• Wide Operating Temp. Renge: -40oC to +85°C 

Family Features 

• CD74HC Types 
- 2V to 10V Operation 

- High Noise Immunity: NIL = 30%, NIH = 30% of Voo; 
at Voo = SVand 10V 

• CD74HCT Types 

- 4.SV to S.SV Operation 

- Direct LSTTL Input logic Compatibility: VIL = O.8V 
Max, VIH = 2V Min 

- CMOS Input Compatibility: II < 111A at VOL, VOH 

Pinout 

The Master Reset has an internal pull-up resistor and is 
normally used with a O.1I1F capacitor. During power up all 
switches are automatically reset. The crosspoint switches 
will reset with MR = 0 even if CE is high. A 6-bit address 
through a 6 line to 64 line decoder selects the transmission 
gate which can be turned on by applying a logical ONE to 
the DATA input and logical ZERO to the STROBE. Similarly, 
any transmission gate can be turned OFF by applying a 
logical ZERO to the DATA input while strobing the STROBE 
with a logical ZERO. 

The CE pin allows the crosspoint array to be cascaded for 
matrix expansion in both the X and Y directions . 

Ordering Information 

TEMPERATURE 
PART NUMBER RANGE PACKAGE 

CD74HC22106E -40"C to +85°C 28 Lead Plastic DIP 

CD74HCT22106E -40"C to +85°C 28 Lead Plastic DIP 

CD74HC22106, CD74HCT22106 
(PDIP) 

TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright@Harrls Corporation 1993 

File Number 1719.2 
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Specifications CD74HC22106, CD74HCT22106 

Absolute Maximum Ratings 
DC Supply Voltage (Voo) 

Voltage Reference to V ss Terminal. • . . • . • . . • • .• -o.5V to + 11V 
DC Input Diode Current 

11K (for VI < -0.5 or VI > Voo +O.5V .•....•.•.....•....... ±20mA 
DC Output Diode Current 

10K (For Vo < -0.5 or Vo > Voo +0.5V ................... i20mA 
DC Transmission Gate Current .•.....•....•.......•.•... ±25mA 
Power Dissipation per Package (Po) 

For TA = -'IO"C to +€O"C (Package Type E) ••..•..••••..• 500mW 
For TA = -600c to +85"C (Package Type E) .•.•.. Derate Unearllyat 

12mWi"C to 200mW 
Junction Temperature ..•.••.....••.•••...•.•..••.•. +175°C 
Junction Temperature (Plastic Package) .•........•.... +1SOOC 
Lead Tempereture (Soldering 10 Sec.) .••....•....•.... +3OOOC 

Operating Conditions 
Operating Temperature Range (TAl 

Package Type E ..•....••••••.••...••••.... -40"C to +85°C 
Storage Temperature Range .•••......•••.• -6500 ~A s+ 1 SOOC 
Supply Voltage Range (for TA = Full Package Temp. Range) Voo 

CD74HC22106 .•••••..••..•••..•••.•.•.....•. 2V to 10V 
CD74HCT22106 ••.•....••.••.•.•.•••.•..... 4.5V to 5.5V 

DC Input or Output Voltage VI, Vo .••......•....•..•• OV to Voo 

CAUTION: Stresses abol/8 those listed in "Absolute Maximum Ratings" may cause petlllllllent damage to rhIl devics. This is a stress only mting and op9mtion 
of the devics at th9Se or any other conditions aboII8 those Indicated in rhIl opB/8tiona/ ssctIons of this specHication Is not impu.d. 

Static Electrical Specifications Vss = GND 

CD74HC22106 CD74HCT22106 

TEST -40oC to TEST -400Cto 
CONDITIONS +25°C +85°C CONDITIONS +2SOC +85"C 

VIS Voo VIS Voo 
PARAMETERS (V) (V) MIN TVP MAX MIN MAX M M MIN TYP MAX MIN MAX UNrrs 

Higl1-Levellnput Voltage - 2 1.5 - - 1.5 - · 4.5 2 · . 2 - V 
VIH to - 4.5 3.15 - - 3.5 - · 5.5 

- 9 6.3 - - 6.3 - -
Low-Level Input Voltage - 2 · - 0.5 - 0.5 · 4.5 · · 0.8 - 0.8 V 
VIL to - 4.5 · - 1.35 - 1.35 · 5.5 

. 9 · · 2.7 · 2.7 · 
Input Leakage Current Vooor 10 - - ±C.l - il Any 5.5 · · ±C.1 . il jiA 
(Any Control) GND Voltage 
IL Between 

VOO & 
GND 

Quiescent Device Cur- Vooor 10 · · 5 · 50 Vooor 5.5 - · 2 . 20 jiA 
rent, Icc (with MR = 1) GND GND 

Off Le~ge Current, IL All 10 · · 0.1 · 1 · 5.5 - · 0.1 - 1 jiA 
(with MR = 1) Switches 

OFF 

"On" Resistance Vooto 2 - 470 700 - 875 Figure 4.5 - 64 95 - 120 Cl 

RoN GND 8 
Figures 4.5 - 64 95 · 120 

8,9 9 · 45 70 · 90 

V0r/2 - · · · - · · 4.5 · 58 85 - 110 Cl 

4.5 · 58 85 · 110 

9 · 40 60 · 80 

"On" Resistance Be- VODto . · · · · · VODto 4.5 · 25 . - - Cl 
tween Any Two Channels GND GND 
~N 4.5 - 25 · - · 

9 - 23 · · · 
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Specifications CD74HC22106, CD74HCT22106 

Dynamic Electrical Specifications Vss = OV 

LIMITS 

+25"C -4O"C to +85"C 

TEST CONDITIONS HC HCT HC HCT 

VDD 
PARAMETERS SYMBOL FIG. (V) MIN MAX MIN MAX IIIN MAX MIN MAX UNITS 

CONTROLS 

Propagation Delay TIme: tPZH RL= 10110 1 2 - 370 - - - 385 · - ns 

Strobe to Output 
CL=50pF 

4.5 - 110 - 120 - 125 - 135 ns 
(Switch Tum-Qn to 

IA. t,:=6ns 

High Level) 9 - 65 . - - 70 - - ns 

Data-ln to Output tPZH 2 2 - 240 - - - 255 · - ns 
(Tum-On to High Level) 

4.5 75 85 - - - 85 - 95 ns 

9 - 50 - - - 55 · - ns 

Address to Output InH 3 2 - 380 - - - 400 - - ns 
(Tum-On to High Level) 

4.5 110 120 - - - 125 - 135 ns 

9 - 65 - . - 75 - - ns 

Propagation Delay TIme: ~z 1 2 - 400 - - - 420 - - ns 

Strobe to Output 4.5 - 135 - 150 - 155 - 170 ns 

9 - 90 - . - 100 - - ns 

Data·ln to Output IpZL 2 2 - 240 - - - 255 - - ns 
(Tum-On to Low Level) 

4.5 75 85 85 95 - - - - ns 

9 - 50 - - - 55 - - ns 

Address to Output ~ 3 2 - 420 - - - 440 - - ns 
(Tum-Ofl) 

4.5 140 150 155 170 . - - - ns 

9 - 95 - - - 100 - - ns 

Minimum Set-Up TIme !au - 2 35 - - - 40 - - - ns 
(Data-In to Strobe 

4.5 20 20 20 20 Address) - - - - ns 

9 15 - - - 15 - - . ns 

Minimum Hold TIme t.I - 2 85 - - - 90 - - - ns 
(Data-In to Strobe 

4.5 25 25 25 25 Address) - - - - ns 

9 20 - - - 20 - - - ns 

Minimum Strobe Pulse Iw - 2 200 - - - 210 - - - ns 
Width 

4.5 45 - 55 - 55 - 65 - ns 

9 25 - - - 30 - - - ns 

Maximum Switching Fo - 2 0.7 - . - 0.6 - · - MHz 
Frequency 

4.5 3.0 2.8 2.8 2.6 MHz - - - -
9 7 - - - 6.5 - - - MHz 

Input (Control) C1 - - - 10 - 10 - 10 - 10 pF 
Capacitance 
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Specifications CD74HC22106, CD74HCT22106 

Dynamic Electrical Specifications 

UMITS 

+2S"C -40"C to +85"C 

HC HCT HC HCT 
TEST VIS Vas Veo 

PARAMETERS SYMBOL CONDITIONS (Vp.p) M M MIN MAX MIN MAX MIN MAX MIN MAX UNITS 

Propagation Delay tpLH, tPHL RL = 1OkO - 0 2 - 30 - - - 33 - - ns 
Time, Signal Input to CL=5OpF 
Output ",,~=6ns - 0 4.5 - 20 - 20 - 22 - 22 ns 

- - 9 - 15 - - - 17 - - ns 

HC HCT 
Typical Typical 

Switch Frequency ladB Rs=RL= 2 -2.25 2.25 5 5 - - - - MHz 
Response at -3dB 6000 

2 -4.5 4.5 6 6 - - - - MHz 

Crosstalk Between FCT Rs=RL= 2 -2.25 225 -110 -110 - - - - dB 
Any Two Channels 6000 

1= 1kHz 

Rs=RL= 2 -2.25 2.25 -53 -53 - - - - dB 
6000 
1= 1MHz 2 -4.5 4.5 -55 -55 - - - - dB 

Switch "OFP' -40dB FOT Rs=RL= 2 -2.25 225 7 7 - - - - MHz 
Feed Through 6000 
Frequency 2 -4.5 4.5 8 8 - - - - MHz 

Total Harmonic THO RL = 10kC 4 -2.25 225 0.05 0.05 - - - - % 
Distortion I = 1 kHz sine-

wave 8 -4.5 4.5 0.05 0.05 - - - - % 

RL = 6000 4 -2.25 225 0.25 0.25 - - - - % 

I~ 
I = 1 kHz sine-
wave 7 -4.5 4.5 0.12 0.12 - - - - % 

Control~ At = 10kC Voo 0 5 35 35 - - - - mV 
Feed-Through Noise ",,~=6ns 
(DATA IN, Strobe, Voo 0 10 65 65 - - - - mV 
Address) 

Capacitance, CIS 

Xn to GND 1= 1MHz - 0 10 48 48 - - - - pF 

Yn to GND - 0 10 44 44 - - - - pF 
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CD74HC22106, CD74HCT22106 

Functional Diagram 

r-----~----~----~~----~----~----~~----~---o~ 

6UNETO 
64 UNE LATCHES 

DECODER 
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CD74HC22106, CD74HCT22106 

TRUTH TABLE 

SWITCH SWITCH 
As ~ At At A, Ao SELECT As ~ Aa At A, Ao SELECT 

0 0 0 0 0 0 >Co Vo 1 0 0 0 0 0 >Co V. 

0 0 0 0 0 1 X, Vo 1 0 0 0 0 1 X, V4 

0 0 0 0 1 0 ~ Vo 1 0 0 0 1 0 ~ V. 

0 0 0 0 1 1 Xa Vo 1 0 0 0 1 1 Xa V4 

0 0 0 1 0 0 x. Vo 1 0 0 1 0 0 X. V4 

0 0 0 1 0 1 Xs Vo 1 0 0 1 0 1 Xs V4 

0 0 0 1 1 0 :lee Vo 1 0 0 1 1 0 :lee V. 

0 0 0 1 1 1 X7 Vo 1 0 0 1 1 1 X7 V. 

0 0 1 0 0 0 >Co V, 1 0 1 0 0 0 >Co Vs 

0 0 1 0 0 1 X, V, 1 0 1 0 0 1 X, Vs 

0 0 1 0 1 0 ~ V, 1 0 1 0 1 0 ~ Vs 

0 0 1 0 1 1 Xa V, 1 0 1 0 1 1 Xa V5 

0 0 1 1 0 0 x. V, 1 0 1 1 0 0 X4 Vs 

0 0 1 1 0 1 Xs V, 1 0 1 1 0 1 Xs Vs 

0 0 1 1 1 0 :lee V, 1 0 1 1 1 0 :lee Vs 

0 0 1 1 1 1 X7 V, 1 0 1 1 1 1 X7 Vs 

0 1 0 0 0 0 >Co V2 1 1 0 0 0 0 >Co Ve 

0 1 0 0 0 1 X, V2 1 1 0 0 0 1 X, Va 

0 1 0 0 1 0 ~ V2 1 1 0 0 1 0 ~ Va 

0 1 0 0 1 1 Xa V2 1 1 0 0 1 1 Xa Va 

0 1 0 1 0 0 X. V2 1 1 0 1 0 0 X. Va 

0 1 0 1 0 1 Xs V2 1 1 0 1 0 1 Xs Va 

0 1 0 1 1 0 Xs V2 1 1 0 1 1 0 :lee Va 

0 1 0 1 1 1 X7 V2 1 1 0 1 1 1 X7 Va 

0 1 1 0 0 0 >Co Va 1 1 1 0 0 0 >Co V7 

0 1 1 0 0 1 X, Va 1 1 1 0 0 1 X, V7 

0 1 1 0 1 0 ~ Va 1 1 1 0 1 0 ~ V7 

0 1 1 0 1 1 Xa Va 1 1 1 0 1 1 Xa V7 

0 1 1 1 0 0 X. Va 1 1 1 1 0 0 X. V7 

0 1 1 1 0 1 Xs Va 1 1 1 1 0 1 Xs V7 

0 1 1 1 1 0 :lee Va 1 1 1 1 1 0 :lee V7 

0 1 1 1 1 1 X7 Va 1 1 1 1 1 1 X7 V7 
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CD74HC22106, CD74HCT22106 

Test Circuits and WavefOrms 

DATA-iN 

SW. ANY CROSSPOINT 

DATA-IN 

SW = ANY CROSSPOINT 
S'i'ROiiE. GND 

o 
tPHZ 

_ -l CPZH 
--.~ 

FIGURE 1. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 

VDO 

! no 

VIS~VOS 
- 1 50PF 

"=" 

VDO--r=-

~'i;.w~ 
VDO - 80% 

Vos 

o 

. FIGURE 2. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 

ADDRESS AD!)RESS 

VDO --Ir-,",I 
. DATA-IN 

o 

50pF 

SW = ANY CROSSPOINT -
S'i'ROiiE. GND o 

FIGURE 3. I'ROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
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CD74HC22106, CD74HCT22106 

Typical Application Information 

+liV 
HC OR CMOS 

+liV 

OUTPUT CONTROL VIID 
INPUT 

D:JL 
HC2Z1C18 

ANALOG OUTPUT 

ANALOG DVTOSV 

INPUT 
DV·5V 

'HC LOGIC FOR CMOS INPUTS Va 
HCT LOGIC FOR TTL INPUTS -

GND 

FIGURE 4. TYPICAL SINGLE SUPPLY CONNECTION FOR HC22106 

CD4DDDAIB +SV 
CMOS BIPOLAR CONTROL VIID 
OUTPUT 

INPUT 

+5~:fI:: HC2Z1C18 
ANALOG OUTPUT 
.VTO+5V 

.oV .oV ANALOG 
INPUT 

lYTO+liV 
Va 

1V 

FIGURE 5. TYPICAL DUAL SUPPLY CONNECTION FOR HC22106 

+1DV 
+1DV 

CONTROL VIID 
~ ____ ~ __ ~IN~P~U~T~r---~~~ CONTROL 

SIGNAL 

ANALOG 
INPUT 

* FOR CMOS INPUT LEVELS USE HCD3 LOGIC TYPE DV TO 1DV 
FOR TTL INPUT LEVELS USE HCTD3 LOGIC TYPE 

HC221C18 

GND 

ANALOG OUTPUT 
DVT01DV 

FIGURE 6. USE OF HCJHCT03 WHEN CONTROL IS OV • 5V AND ANALOG SIGNAL IS OV • 10V 

+IV 
TTL TYPE 

+SV 

OUTPUT CONTROL VIID 
INPUT 

HC221C18 
ANALOG OUTPUT 

ANALOG DVT05V 

INPUT 
DV·5V 

Va 

-
GND 

FIGURE 7. TYPICAL SINGLE SUPPLY CONNECTION FOR HCT22106 WITH TTL INPUT 
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CD74HC22106, CD74HCT22106 

Typical Performance Curves 

80 
Voo,"4.5V I 
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FIGURE 8. TYPICAL ·ON" RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE va TEMPERATURE 
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-60 
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·100 
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" 1!~=!2~~1 I 

Voo=4.5V 
V .. _-4.5V 
VIS-2Vp.p 
Rs-RL,",50on II 

II CROSSTALK 

"" I i-'" "" 10 100 1K 10K 100K 1111 10111 

FREQUENCY (Hz) 

FIGURE 10. TYPICAL "ON" SWITCH ATTENUATION AND 
CROSSTALK AS A FUNCTION OF FREQUENCY 
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10 

0 
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INPUT SIGNAL (V) 

FIGURE 9. TYPICAL "ON" RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE va Voo 
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:!!. 
::z: 

8 a: 

~ w 
~ 

0 

·10 

-20 

-30 

-40 

-so 
-so 

·70 

-80 

-80 

·100 

·110 
10 

TA,"+25"C 
Voooo4.5V 
V .. oo-4.5V 
VIS-2Vp.p 

Reo: ~Loo750 
I 1111 I 
I 1111 I 

100 

"ON" ATTENUAnON 

~ 

~ 

FEED THROUGH 

I 1111 II 
1K 10K 100K 1111 10M 

FREQUENCY (Hz) 

FIGURE 11. TYPICAL MON" SWITCH ATTENUATION AND MOFF" 
SWITCH FEED THROUGH AS A FUNCTION OF 
FREQUENCY 
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Features 
• Pin For Pin Replacement For The HC-5502A 

• capable of +12V or +5V (VB+) Operation 

• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Une Interface Circuit for Analog and Digital 

PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBX's 

Pinouts 

RING 

Va+ 

DG 

RS 

ii6 
TF 

RF 
VII" 

BG 

2 

Hc-5502B 
(POIP, COIP, SOIC) 

TOP VIEW 

1 

1 

1 

C4 

Ax 
~N 

~N 

Rc 
Po 
GKo 
iii5 

HC-5502B 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris sue incorpol8tes many of the BORSHT function on 
a single Ie chip. This includes DC battery feed, a ring relay driver, 
supervisory and hybrid functions. This device is designed to 
maintain transmission performance in the presence of externally 
induced longitudinal currents. Using the unique Harris dielectric 
isolation process. the sue can operate directly with a wide 
range of station battery IIOltageS. 

The sue also provides selective denial of power. If the PBX sys
tern becomes overloaded during an emergency. the sLie will 
provide system protection by denying power to selected sub
scriber loops. 

The Harris sue is ideally suited for the design of new digital PBX 
systems, by eliminating bulky hybrid transformers. 

Ordering Information 
PART NUMBER TEMPERATURE RANGE PACKAGE 

HC1-5502B-5 O"C to +7500 24 Lead Ceramic DIP 

HC1-5502B-9 -4O"C to +8500 24 Lead CeramIc DIP 

HC3-5502B-5 O"C to +7500 24 Lead Plastic 01 P 

HC3-5502B-9 -4O"C to +8500 24 Lead Plastic DIP 

HC4P5502B-5 OOCto+75oo 28 Lead PLCC 

HC4P5502B-9 -4O"C to +8500 28 Lead PLCC 

HC9P5502B-5 OOCto+75oo 24LeadSOlC 

HC9B5502B-9 -4O"C to +8500 24 Lead SOIC 

HC-5502B 
(PLCC) 

TOP VIEW 

C/ 

:i' ~ II. ~ ~ i is 1= 

C1- RX 

C3 +IN 

DG ~N 

NIC NIC 

RS OUT 

1m C2 

TF Rc 

-OPTIONAL 
II. '" 

C/ ~li~1i II: > ID 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2884.1 
Copyright@HarrisCorporation 1993 
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Specifications HC"-5502B 

Absoiut, Maximum Ratings (Note 1) 
Supply Voltage 

(Vr ) ........ '. '. ;' ....................... ' ..... -60 to +C.5V 
..(VB+) ••••• ' .•••••••••••••••••• ' •••••••.•••••• -0.5 to +,15V 
(Vs+·Vr ) .•••• ." ••••••••.••••••••••••.••.•••••.•• +75V 

Relay Drive Voltage (VRD) ••••••••••••••••••••••• -0.5 to +15V 
Junction Temperature (Ceramic) ...................... +175°C 
Junction Temperature (PIBStIc Package) ; •••••••.••..•. +15O"C 
l,.eadTemperature (Soldering 10Sec.) •••••••••••.••••• +3OO"C 

Operating Conditions 
Relay Driver Voltage (VRO) .••••••..••••••••••••• +5V to +12V 
Pcisitlve Supply Voltage (Vs+) ••.. 4.75V to 5.25V or 10.8V to 13.2V 
Negative Supply Voltage (Vr) ••.•.••••.•.•••• ,. ~ -42V to ·58V 
High Level Logic Input Voltage • . • • • • • . • • • • • . • . • • • • . • • • • 2.4V 
Low Level logic Input Voltage. • . . • • • • • . • • . . • . . . • • • . • • •. 0.8V 
Loop Resistance (Rj •••.••••.. , •••••••.• , , •.• 200 to 12000 
Operating Temperaltlre Range , 

HC-5502B-5 ••••••.•.••••.•••.••••••.•••••• O"C to +750C 
HC-5502B-9 ••••••••••••.•••••..••..•••••• -40"C to +85°C 

Storage Temperature Range •••.••••• ~ ••• : •••• ·6500 to + 15O"C 

CAUTION: StresSss sbove /hose lislsd in "Absoluls M8xiirwm Ratings" may cause permamml damagfl to the dallies. This Is a stress only rating and oparatfQn 
. of /he dsllice at thesa or any othe, conditions above /h".lndicatsd In the oparatfQnal ssclions of this specification is not imp/i6d. 

Electrical Specifica~lons Unless, Otherwise Specified, VB· = -48V, vB+ = +12V and+5v. AG = BG = DG = Ov. Typical Parametera 
TA = +25°C. Min-Max Perameters are Over Operating Temperature Range. 

PARAMETER CONDmONS MIN TYP MAX UNITS 

On Hook Power Dissipation ILong' = O. Va+ = +12V · 135 235 mW 

Off Hook Power Dissipation RL = 600n,ILong' = 0, VB+= +12V · 450 690 mW 

Off HooklB+ RL = GOOn, llor!g" = 0, TA = '-4O"C · · 6.0 rnA 

Off HooklB+ RL = GOOn,ILong" = 0, TA = +2SOC · · 5.3 rnA 

Off Hook IB- ' RL = 600n, ILong" = 0 · · 39 rnA 

Off Hook Loop Current RL = 12000, ILong" 'C 0 · 21 · rnA 

Off Hook Loop Current:. At = 1,2000. VB· =42'J, ILong' = 0, TA ~ +2SOC 17.5 · · rnA 

Off Hook Loop Current RL = 2000,ILong";' 0 25.5 30 34.5 rnA 

Fault Currents 

TlP'toGround · 14 · rnA 

RING to Ground · 47 · rnA 

TIP to RING · 30 · rnA 

TIP and RING to Ground · 47 · rnA 

Ring Ralay Drive VOL ,IOL =62rnA · ,,0.2 0.5 V 

Rlng Relay Driver Off I,.eakage VRO =+12V, RCo. 1 = HIGH, TA = +2500 · · 100 j1A 

Ring Trip Detection Period At = 6000, TA= +2500, · 2 3 Ring Cycles 

Switch Hook Detection Threshold , SHD=VOL ' 10 · · rnA 

SHD=VOH · · 5 rnA 

Ground Key Detection Threshold GKD=VDL , 20 · · rnA 

GKD=VOH · · 10 mA 

Loop Current During Power Denial RL = 2000 · ±2 · ,rnA 

Dial Pulse DiBlOrtion 0 · 5 ms 

Recelva Input I~ance (Note 2) · ' ,110 · ,: kO 

Transmit Output Impedance (Note 2) · 10, 20 0 
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Specifications HC-5502S 

Electrical SpecHlcatlons Unless OIherwlse Specified, VS" = -48V, Vs+ = +12V and +5V, N3 = BG = DG = OV, TYPical Parameters 
TA = +25"0. MIn-Max Parameters are OVer Operating Temperature Range. (COntinued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Two Wire Return Loss Referenced to 6000 +2.16j1F 

SRLLO 
(Note 2) 

· 15.5 " dB 

ERL " 24 " dB 

SRLHI " 31 " dB 

longitudinal Balance 1 VRMS 200Hz" 3400Hz, (Note 2) 

2 Wire Off Hook IEEE Method 58 65 " dB 

2 Wire On Hook 
O"C S TA S +75°C 

60 63 dB " 

4 Wire Off Hook 50 58 " dB 

Low Frequency Longitudinal Balance R.E.A. Method, (Note 2) " · 23 dBmC 
RL =6000, 

-67 dBmOp O"C S TA S +75°C · · 
Insertion Loss at 1 kHz, OdBm Input Level, Referenced 6000 · to.05 to.2 dB 
2 Wire" 4 Wire, 4 Wire· 2 Wire 

Frequency Response 200 • 3400Hz Referenced to Absolute · to.02 to.05 dB 
Loss at 1 kHz and OdBm Signal Level (Note 2) 

Idle Channel Noise (Note 2) · 1 5 dBmC 
2 Wire" 4 Wire, 4 Wire· 2 Wire 

· -89 -85 dBmOp 

Absolute Delay (Note 2) " · 2 JIS 
2 Wire· 4 Wire, 4 Wire· 2 Wire 

Trans Hybrid Loss Balance Network Set Up for 6000 36 40 · dB 
Termination at 1kHz 

Overload Level Vs+ = +5V 1.5 VPEAK 
2 Wire· 4 Wire, 4 Wire· 2 Wire 

Vg+=+12V 1.75 · · VPEAK 

Level Unearity at 1 kHz, (Note 2) Referenced to OdBm Level 

2 Wire· 4 Wire, 4 Wire" 2 Wire +3to-4OdBm · · to.05 dB 

-40 to ·5OdBm · · to.l dB 

"50 to ·55dBm · · to.3 dB 

Power Supply Rejection Ratio (Note 2) 
30· 60Hz 

Vs+t02Wlre ~=6000 15 · · dB 

Vg+ to Transmit 15 · · dB 

VB" to 2 Wire 15 · · dB 

V rr to Transmit 15 · · dB 

VB+ to 2 Wire 200· 16kHz 30 · · dB 

Vs+ to Transmit 
~=6000 

30 dB · · 
Vrr to 2 Wire 30 · " dB 

V rr to Transmit 30 · · dB 

logic Input Current (RS, RC, PO) OVS V1N S+5V · · ±100 j1A 

8·83 



Specifications HC-5502B 

Electrical Specifications Unless Otherwise Specified, Va- = -48V, Va+ = +12V and +5V, N!A = BG = DG = OV,1}tpical Parameters 
TA = +25"C. MIn-Max Parameters are Over Operating Temperature Range. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Logic Inpuls 

logic '0' V1L - - 0.8 V 

logic '1' V1H 2.0 - 5.5 V 

Logic Outpuls 

Logic 'r! VOL ILOAO 8OOIIA, Va+ = +12V, +5V - 0.1 0.5 V 

Logic '1' VOH ILOAO BOllA, Va+ = +12V 2.7 5.0 5.5 V 

ILOAO 4OIIA, Va+ = +5V 2.7 - 5.0 V 

* ILong = Longitudinal Current 

Uncommitted Op Amp Specifications 

PARAMETER CONDmONS MIN TYP MAX UNn'S 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input Bias Current - 20 - nA 

Differential Input Resistance (Note 2) - 1 - MO 

Output Voltage Swing ~ = 1OkO, Va+ = +12V - ±5 - VPEAK 

~ = 1Okn, Va+ = +5V - ±3 - VPEAK 

Output Resistance AvCL = 1 (Note 2) - 10 - 0 

Small Signal GBW (Note 2) - 1 - MHz 

NOTES: 

1. Absolute maximum ratings are Hmltlng values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func
tional operability under any of these conditions Is not necessarily Implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterised upon 
Initial design release, upon deslgn changes which would affect these characteristics. and at intervals to assure product quality and spec
ification compliance. 

Pin Descriptions 

28 PIN 24 PIN 
PLCC DIPJSOIC SYMBOL DESCRIPTION 

2 1 TIP An analog input connected to the TiP (more positive) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 

3 2 RING An analog Input connected to the RING (more negative) side of the subscriber loop through a 
1500 feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 

4 3 Va+ PosItIve Voltage Source - Most positive supply. Va+ Is typically 12Vor 5V. 
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HC-5502B 

Pin Descriptions (Continued) 

28 PIN 24 PIN 
PLCC DIPISOIC SYMBOL DESCRIPTION 

5 4 Cl Capacitor 111 • Optional C8pacitor used to IrnprcMI power supply rejecllon. lhls pin should be left open 
1funJS8d. 

6 5 C3 Capacitor l/3 • An external capacitor to be connected between this termlnel and analog ground. 
Required for proper operation 01 the loop current limiting function, and for fil1erlng VB· supply. 
Typical value Is 0.3i-LF. 30V. 

7 6 DG Dlgnal Ground· To be connected to zero potential and serves as a reference for all digital inputs 
and outputs on the SLiC. 

9 7 RS Ring Synchronization Input· A TTL • compatible clock Input. The clock should be arranged such 
that a positiVe transition occurs on the negative going zero crossing of the ring voltage source, 
ensuring that the ring relay Is activated and deactivated when the Instantaneous ring vol1age is 
near zero. If synchronization Is not required, tie to +5V. 

10 8 RD Relay Driver· A low actiVe open collector logic output. When enabled, the external ring relay Is 
energized. 

11 9 TF IIp Feed • A low Impedance analog output connected to the TIP terminal through a 1500 feed 
resistor. Functions wnh the RF terminal to provide loop current, feed voice signals to the telephone 
set, and sink 10ngl1udinal current. 

12 10 RF Ring Feed· A low impedance analog output connected to the RING terminal through a 1500 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signal to the telephone 
set, and sink longitudinal current. 

13 11 VB· Negative Vol1age Source· Most negatiVe supply. VB" Is typically -48 vol1s with an operational range 
of -42V to ·58V. Frequently referred to as 'battery". 

14 12 BG Battery Ground· To be connected to zero potential. All loop current and some quiescent current 
flows Into this ground terminal. 

16 13 SHD Switch Hook Detection· A low active LS TTL • compatible logic output. This output Is enabled for 
loop currents exceeding lOrnA and disabled for loop currents less then 5mA. 

17 14 GKD Ground Key Detection· A low active LS TTL • compatible logic output. This output is enabled If the 
DC current Into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and 
disabled If this current difference Is less then lOrnA. 

18 15 PO Power Denial • A low active TTL • Compatible logic Input. When enabled the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output Is 
disabled. 

19 16 RC Ring Command· A low active TTL· Compatible logic Inp!!!:...When enabled, the relay driver (RD) 
output goes low on the.!!!!d rising edge of the ring sync (RS) Input, as ~ the SLIC Is not In 
the power denial state (PO = 0) or the subscriber Is not already off· hook (SHD = 0). 

20 17 C2 Capacitor 112 • An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key Indications from occurrlng during ring trip detection. Typical value Is 
O.l5jlF, 10V. This capacnor Is not used If ground key function Is not required. 

21 18 OUT The analog output of the spare operational amplifier. 

23 19 ·IN The Inverting analog input of the spare operational amplifier. 

24 20 +IN The non-Inverting analog Input of the spare operational amplifier. 

25 21 AX Receive Input, Four Wire Side· A high Impedance analog Input which Is Intemally biased. Capac· 
ltive coupling to this Input Is required. AC signals appearing at this Input differentially drive the IIp 
feed and Ring feed amplifiers, which In turn drive tip and ring through 3000 of feed resistance on 
each side of the line. 
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HC-5502B 

Pin Descriptions (Continued) 

28 PIN 24 PIN 
PLCC . DlPISOIC SYMBOL DESCRIPTION 

26 22 C4 Capacitor '4 - An external capacitor to be connected between this terminal and analog ground. 
This capacitor preventa false ground key indication and false ring trip detection from occurring 
when longitudinal currenta are Induced onto the subecriber loop from nearby power lines and other 
noisa sources. This capacitor Is also required for the proper operation of ring trip detection. "lYPical 
value Is O.5I1F to 1.011F. 2OV. This capacitor should be nonpolarlzed. 

27 23 AG Analog Ground - To be connected to zero potential and serves es a reference for the transmit out-
put (TX) and receive input (AX) terminals. 

28 24 TX Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. "lI"anshybrid balancing must be performed (uslng the SLiC microcir-
cuits spare op amp) beyond this output to completely Implement two to four wire converslon. This 
output is unbalanced and referenced to analog ground. Since the DC level of this output varies with 
loop current, capacitive coupHng to the next stage Is essential. 

1,8,5,22 NC No Internal Connection. 

NOTE: 

1. All grounds (AG, BG, & 00) must be appHed before Va+ or Va-. Fallure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 

Functional Diagram 

TIP 

2 WIRE 
LOOP 

RING 
VOLTAGE RING SYNC 

r .. -.......... -..... iiiNCr •••••••• -•••• -••••••••• -.:-
RS TRIP :SH SWITCH HOOK 
iiC ' DETECTION 

RD' 

TRANSMIT 
OUTPUT 

RlNGo-------~Ar--~~~~ 

1500 

POWER DENIAL 

a-..... ----------o.-:.:=< RECEIVE 
• INPUT · · · sue MICROCIRCUIT : •••• __ ••••••• _____________________________________ .6 
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Schematic 

21 

RCV 

6 

HC·5502B 

HC-5502B SUC FUNCTIONAL SCHEMATIC 
Pin Numbers for DIP/SOle Package 

22 11 12 23 

C4~" 
4 20 111 

IlL 
LOGIC. 

INTERFACE 

t-.".....f---+----l iiR 

24 7 • 
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Logic Diagram 

TI'L 
TO 

STTL 

HC-55028 

Hc-s502B LOGIC GATE SCHEMAnC 

~--------------~ ~ 

-t>r:~-tf: 
C -=-

SCHOTTKY LOGIC 

Die Characteristics 

Transistor Count ..••...•.•..•••••.............. 183 
Diode Count. •...•...•............•..•...•..•••• 33 

The SLiC will wilhstand longiludinal currents up to a 
maximum or 3OmARMS. 15mARMS per leg. without any 
performance degradation. 

Die Dimensions .......•........•...... 137 x 102 mils 
Substrate Potential .........................•..• VB-
Process .....•.......•.•......•..•....... Bipolar-DI 
Thermal Constants rCIW) 9JA 9JC 

Ceramic DiP.................... 52 15 
Plastic DIP. . • • . . . . . . . • . . . . . . . . . . 52 22 
PLCC.......................... 67 29 
SOIC.......................... 76 24 

Overvoltage Protection and Longitudinal 
Current Protection 

The SLiC device. in conjunction with an external protection 
bridge. will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

PARAMETER 

longitudinal 
Surge 

Metallic Surge 

T/GND 

RlGND 

5OI60Hz Current 

T/GND 

RlGND 

8-88 

TABLE 1 

TEST PERFORMANCE 
CONDITION (MAX) UNITS 

10\1S Rise! ±1000 (Plastic) V PEAK 

100011S Fall ±500 (Ceramic) V PEAK 

1011S Rise! ±1ooo (Plastic) V PEAK 

100011S Fall ±500 (Ceramic) V PEAK 

10\1S Rise! ±1ooo (Plastic) V PEAK 

1000llS Fall ±500 (Ceramic) V PEAK 

11 Cycles 700 (Plastic) VRMS 

Limiteclto 350 (Ceramic) V RMS 
10Arms 



HC-5502B 

Applications Diagram 

TRANSMIT 

lIP HC~B {+IN 

TIP FEED 
OPAMP ;. 

Cl 
4 

RING FEED C2 
17 

5 

RB. 

-48V Va+ 

FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLiC 

Typical Component Values 

C1 = 0.51lF (Note 1) 

C2 = 0.151lF. 10V 

C3 = 0.31lF. 30V 

C4 = 0.51lF to 1.01lF. 100k, 20V (Should be non polarized) 

C5 = 0.51lF. 20V 

C6 = C7 = 0.51lF (10% Match Required) (Note 2), 20V 

C8 = 0.011lF. 100V 

C9 = 0.011lF. 20V, ±20% 

NOTES: 

R1 = R2 = R3 = 100kn (0.1% Match Required, 1% absolute 
value), ZB = 0 for 600n Terminations (Note 2) 

RBI = RB2 = RB3 = RB4 = 150n (0.1% Match Required, 1% 
absolute value) 

Rs = 1kn, Cs = 0.11lF. 200V typically, depending on VRING 
and line length. 

Z1 = 150V to 200V transient protection. PTC used as ring 
generator ballast. 

1. Cl is an optional capacitor used to improve VB+ supply rejection. This pin must be left opsn H unused. 

2. To obtain the specified transhybrld loss It Is necessary tor the three legs ot the balance network, C6·Rl and R2 and C7-ZB-R3, to match 
in impedance to within 0.3%. Thus, It C6 and C7 are ll1F each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop Is closed. Too large a value tor C6 may produce an excessively long Iransient at the op amp output 
to the PCM Filter/CODEC. 

A 0.51lF and 100kQ gives a time constant ot SOmsec. The uncommitted op amp output is internally clamped to stay within ±5.5V and 
also has current limiting protection. 

3. Secondary protection diode bridge recommended Is a 2A, 200V type. 

4. All grounds (AG, BG, & 00) must be applied before VB+ or VB-. Failure to do so may result in premature failure ot the part. It a user wishes 
to run separate grounds off a line card, the AG must be applied first 

5. Pin numbers given tor DIP/sOIC package. 

Additional information Is contained In Application Note 549, "The HC-550X Telephone SLles· By Geoff Phillips. 
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Features 
• Pin for Pin Replacement for the HC-5504 

• capable of +5V or +12V (Va+) Operation 

• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed Ring
Ing Systems 

• Low Power Consumption During Standby 

• SwHch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid Stete Une Interface Circuit for Analog and Digi

tal PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

Pinouts 
Hc-5504B (pDlP, CDIP, SOIC) 

TOP VIEW 

TX 

/loG 

C4 

Rx 
+IN 

~N 

OUT 

C2 

Jm 

Pi5 
GK5 
iii6 

HC-5504B 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris sue Incorporates many of the BORSHT functions 
on a single Ie chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the sue can oper
ate directly with a wide range of station battery voltages. 

The sue also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the sue 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris sue is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 

Ordering Information 
PART. 

HC1-5504B-5 

HC1-5504B-9 

HC3-5504B-5 

HC3-5504B-9 

HC4P5504B-5 

HC4P5504B-9 

HC9P5504B-5 

HC9P5504B-9 

TEMP. RANGE PACKAGE 

0010 +75"C 24 Lead Ceramic DIP 

-40" 10 +85°C 24 Lead Ceramic DIP 

0010+75OC 24 Lead Plastic DIP 

-40" 10 +85°C 24 Lead Plastic DIP 

0010+75OC 28LeadPLCC 

-40" 10 +85°C 28 Lead PLCC 

0010 +75"C 24 Lead SOIC 

-40" 10 +85°C 24 LeadSOIC 

Hc-5504B (PLCC) 
TOP VIEW 

AX 

+IN 

~N 

NIC 

OUT 

C2 

CAUTION: These dill/ices are sansitiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2886.1 
Copyright 0 H!lrris Corporation 1993 
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Specifications HC-55048 

Absolute Maximum Ratings (Note 1) 

Maximum Continuous Supply Voltages 
(VB-) ••••••••••••••••••••••••••••••••••••• -50 to +0.5 V 
(VB+)' •••••••••••••••••••••••••••••••••••• -0.5 to +15 V 
(VB+ - VB-) ••••••••••••••••••••••••••••••••••••••• +75V 

Relay Drive Voitege (VRO) ••••••••••••••••••••••• -0.5 to +15V 
Junction Temperature Ceramic ••••••••••••••••••••••• +175°C 
Junction Temperature Plastic. • • • • • • • • • • • • • • • • • • • • • • • + 15O"C 
Lead Temperature (Soldering 10 Sec.) ....•........••.. +3OQOC 

Operating Conditions 

Operating Temperature Bange 
HC-5504B-5 ••••••••••••••••••••••••••••••• O"C to +75OC 
HC-5504B-9 •••••••••••••••••••••••••••••• -40"C to +85°C 

Storage Temperature Rlinge ••••••••••••••••••• -65OC to 15O"C 
Relay Driver Voltage (VRO) • • • • • • • • • • • • • • • • • • • • • • • +5 to + 12V 
Positive Supply Voltage (Ve+) ••••••• 4.75 to 5.25 or 10.8 to 13.2V 
Negative Supply Voltage (VB") •••••••••••••••••••• -36 to -58V 
High Level Logic Input Voltage ••••••••••••••••••••••••• 2.4V 
LoW Level logic Input Voltage. • • • • • • • • • • • • • • • • • • • • • • • • • 0.6V 
Loop Resistance (RJ ...•..•••..•••...•.•.•••• 200 to 12000 

CAUTION: Stresses abOWI Ihos6 listed In -Absolute Max/mum Ratings" may cause perITIIIIIfInt damage to /he davlce. This Is a stress only IBling and 0fJfI1B1ion 
of th" device al these or any other condmons abOWIlhosslndicated In the Dp9I8IionsJ secIions of this spec/fH;a1ion Is not Implied. 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = +12V and +5'1, N3 = BG = DG = OV,1YP1caI Paramaters 
TA = +25OC. Min-Max Parameters are Over Operating Temperature Range. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

On Hook Power Disslpetlon ILONG' = 0, VB+ = +12V - 170 235 mW 

Off Hook Power Dissipation RL = 60on,ILONG' = 0, VB+ = +12V -. 425 550 mW 

Off HooklB+ RL = 6000, ILONG' = 0, TA = -4O"C - - 6.0 rnA 

Off Hook IB+ RL = 6000, 'LONG' .. 0, TA = +25"C - - 5.3 rnA 

Off Hook IB- RL = 6OOO,ILONG' = 0 - 35 41 rnA 

Off Hook Loop Current RL = 1200n,ILONG' = 0 - 21 - rnA 

Off Hook Loop Current RL = 12000, VB" = -42V, ILONG' = 0 17.5 - - rnA 
TA=+2SOC 

Off Hook Loop Current RL = 2000, ILONG' = 0 36 41 48 rnA 

Fault Currents 

TIP to Ground - 14 - rnA 

RING to Ground - 55 - rnA 

TIP to RING - 41 - rnA 

TIP and RING to Ground - 55 - rnA 

Ring Relay Drive VOL IOL = 62rnA - 0.2 0.5 V 

Ring Relay Driver Off Leakage VRO = +12V, RC = 1 = HIGH, TA .. +25OC - - 100 IIA 
Ring Trip Detection Period RL = 6000 - 2 3 Ring 

Cycles 

SwItch Hook Detection Threshold SHD = VOL 10 - - rnA 

SHD=VQH - - 5 rnA 

Ground Key Detection Threshold GKD=VOL 20 - - rnA 

GKD=VOH - - 10 rnA 

Loop Current During Power Denial RL = 2000 -. ±2 - rnA 

Dial Pulse Distortion 0 - 5 ms 
Receive Input Impedance (Note 2) - 110 - kG 

Transmit Output Impedance (Note 2) - 10 20 n 

Two Wire Return Loss (Referenced to 6000 + 2.1611F), (Note 2) 

SRLLO _. 15.5 - dB 

ERL - 24 - dB 

SRLHI - 31 - dB 

Longitudinal Balance WRMS 200Hz - 3400Hz, (Note 2) IEEE Method 

2 Wire Off Hook OOC S TA S +75OC 58 65 - dB 

2 Wire On Hook 60 63 - dB 

4 Wire Off Hook 50 58 - dB 
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Specifications HC-5504B 

Electrical Specifications Unless Otherwise Specified, Ve· = -48v, Ve+ = +12V and +5V, AG = BG = OG = OV, "TYPical Paramelers 
TA = +25"C. Min·Max Parameters are OVer Operating Temperature Range. (Continued) 

PARAMETER 

Low Frequency longitudinal Balance . 

Insertion Loss 

2 Wire· 4 Wire, 4 Wire· 2 Wire 

Frequency Response 

Idle Channel Noise 

2 Wire· 4 Wire, 4 Wire· 2 Wire 

Absolute Delay 

2 Wire· 4 Wire, 4 Wire· 2 Wire 

Trans Hybrid Loss 

OVerload Level 

2 Wire· 4 Wire, 4 Wire· 2 Wire 

Level Linearity 

2 Wire· 4 Wire, 4 Wire· 2 Wire 

Power Supply Rejection Ratio 

VB+to 2 Wire 

Ve+ to Transmit 

Va-to 2 Wire 

Va- to Transmit 

VB+to 2 Wire 

VB+ to Transmit 

Va-to 2 Wire 

VB· to Transmit 

logic Input Current (RS, Re, PD) 

Logic Inputs 

Logic '0' V1L 

Logic '1' V1H 

Logic Outputs 

Logic '0' VOL 

Logic '1' VOH 

• ILONG = Longitudinal Current 

NOTES: 

CONDITIONS MIN 

R.E.A. Me1hod, (Note 2), F\ = 6000 · 
DOC S TA S +75°C · 
at 1 kHz, OdBm Input Level, Referenced 6000 

· 
200 • 3400Hz Referenced to Absolute Loss at · 
1 kHz and OdBm Signal Level (Note 2) 

(Note 2) 

· 
· 

(Note 2) 

· 
Balance Network Set Up for 6000 Termination at 36 
1kHz 

Ve+= +5V 1.5 

Ve+=+12V 1.75 

At 1 kHz, (Note 2) Referenced to OdBm Level 

+3to-40dBm · 
-40 to -5OdBm · 
-50 to -55dBm · 
(Note 2) 

30- 60Hz, F\ = 6000 15 

15 

15 

15 

200- 16kHz, F\ = 6000 30 

30 

30 

30 

OVSV1N S+5V · 

· 
2.0 

ILOAD 6OOJIA, VB+ = +12V, +5V · 
ILOAD 8OJIA, Ve+ = +12V 2.7 

ILOAD 4OJIA, Ve+ = +5V 2.7 

TVP MAX UNITS 

· 23 dBrnC 

· .fJ7 dBmOp 

±O.OS to.2 dB 

±0.02 to.OS dB 

1 5 dBmC 

-89 .fJ5 dBmOp 

· 2 ms 
40 · dB 

· · Vpeak 

· · Vpeak 

· to.OS dB 

· ±0.1 dB 

· to.3 dB 

· · dB 

· · dB 

· · dB 

· · dB 

· · dB 

· · dB 

· · dB 

· · dB 

· ±100 JIA 

· 0.8 V 

· 5.5 V 

0.1 0.5 V 

5.0 5.5 V 

· 5.0 V 

1. Absolute maximum ratings are Umiting values, appUed Individually, beyond which the serviceability of the circuit may be Impaired. Func
tional operability under any of these conditions is not necessarily Implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec. 
ification compliance. 
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Specifications HC-55048 

Uncommitted Op Amp Specifications 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - itO - nA 

Input Bias Current - 20 - nA 

Differentlallnput Resistance (Note 2) - 1 - MO 

Output Voltage Swing At. = 10K, Va+ = +12V - is - Vpeak 

At. = 10K, Ve+ = +5V - ±3 - Vpeak 

Output Resistance ~CL = 1 (Note 2) - 10 - 0 

Small Signal GBW (Note 2) - 1 - MHz 

Pin Descriptions 

28 PIN 24 PIN 
PLCC DIPISOIC SYMBOL DESCRIPTION 

2 1 TIP An analog Input connectad to the TIP (more positive) side of the subscriber loop through a 1500 fead 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

3 2 RING An analog Input connectad to the RING (more negative) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

4 3 RFS Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is Insert-
ed into the line at this node and RF Is Isolated from RFS via a relay. 

5 4 Ve+ Positive Voltage Source - Most positive supply. Ve+ Is typically 12V or 5V, 

6 5 C3 Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering VB-. Typical value 
is 0.3j1F, 3OV. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital Inputs and 
outputs on the SLIC microcircuit. 

9 7 RS Ring Synchronlzatlon Input - A TTL - compatible clock Input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring Injected systsrns, on the positive going zero crossing. This ensures that the ring 
relay activetes and deectlvates When the Instantaneous ring voltage Is near zero. If synchronization Is 
not required, the pin should be tied to +5V. 

10 8 RD Relay Driver - A low active open collactor logic output. When enablad, the external ring relay is 
energizBd. 

11 9 TF Tip Fead - A low impedanca analog output connected to the TIP terminal through a 1500 fead resistor. 
Functions with the RF terminal to provide loop current, feBd voice signals to the telephone set, and 
sink longitudinal currant. 

12 10 RF Ring Fead - A low Impedance analog output connectad to the RING terminal through a 1500 fead 
resistor. Functions with the TF terminal to provide loop current, feed volca signals to the telephone 
set, and sink longitudinal current. 

13 11 VB- Negative Voltage Source - Most negative supply. VB- Is typlcaHy -48V with an operational range of 
-42V to -58V. Frequently referred to as 'battery". 

14 12 BG Battery Ground - To be connectad to zero potential. All loop current and some quiescent current flows 
Into this ground terminal. 

16 13 SHD Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for loop 
currents exceeding 10mA and disabled for loop currents less thBn SmA. 

17 14 GKD Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the DC 
current into the ring lead exceeds the DC current out of the tip lead by more thBn 20mA, and disablad 
if this current difference Is less than 10mA. 

18 15 PO Power Denial- A low ac~ TTL - Compatible logic Input. When enablad, the ~ hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is disabled. 
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Specifications HC-5504B 

Pin Descriptions (Continued) 

28 PIN 24 PIN 
PLCC DIPISOIC SYMBOL DESCRIPTION 

19 16 RC Ring Command - A low active TTl. - Compatible logic input. When enabled, the relay driver (RD) out-
put goes low on the next high level of the ring sync (RS) Input, as IQr:lg as the SUC is not In the power 
denial state (PO = 0) or the subscriber Is not already off- hook (SFiD = 0). 

20 17 C2 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. Pre-
vents IaIse ground key Indications from occurring during ring trip detection. "fYpica1 value Is 0.15jiF, 
10V. This capacitor Is not used If ground key function Is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 16 OUT The analog output of the spare operational amplifier. The output voltage swing Is typically ±5V. 

23 19 -IN The Inverting analog Input of the spare operational amplifier. 

24 20 +IN The non-lnverting analog input of the spare operational amplifier. 

25 21 AX Receive Input, Four Wire Side - A high impedance analog input which Is Internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this Input differentially drive the Tip feed and 
Ring feed terminals, which In turn drive tip and ring through 3000 of feed resistance on each side of 
the line. 

26 22 C4 Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key Indication and IaIse ring trip detection from occurring when longi-
tudinal currents are Induced onto the subscriber loop from near by power lines and other noise sourc-
es. This capacitor Is also required for tl)8 proper operation of ring trip detection. 1\Iplcal value Is 0.5J1F, 
to 1.011F, 20V. This capacitor should be nonpolarlzed. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(TX) and receive Input (AX) terminals. 

28 24 TX Transmit Output, Four Wire Side - A low Impedance analog output which represents the differential 
voltage across Tip and Ring. 1l"anshybrld balancing must be performed (using the SUC microclrcuifs 
spare op amp) beyond this output to completely implement two to four wire conversion. This output Is 
unbalanced and referenced to analog ground. Since the DC leval of this output varies with loop cur-
rent, capacitive coupling to the next stage Is essential. 

1,8,15,22 NC No Internal Connection. 

NOTE: All grounds (AG, BG, & DG) must be applied before Va+ or Va-. Fallure to do so may result In premature failure of the part If a user 
wishes to run separate grounds off a line card, the AG must be. applied firs!. 

Functional Diagram 

2 WIRE 
LOOP 

RING SYNC 

RING COMMAND 

.... ----------------------------------------------------'f 
: RlH : 

AS TRIP :iii5 SWITCH HOOK 
'lie: ' DETECTION 
RD' :GK5 GROUND KEY 

: DETECTION , , , , 
: TX TRANSMIT 

OUTPUT 

RING -+--¥>.fV--.. --HI-....I .... _____ +_~ RECEIVE 

RING 
VOLTAGE 

, , 
POWER DENIAL r~----I SUC MICROCIRCUIT : 

~---- ... -------------.. ---------------------------------~ 
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HC-5504B 

Schematic 
SUC FUNCTIONAL SCHEMATIC 

(DIP/SOle PIN NUMBERS SHOWN) 

21 22 12 2D 10 18 

AX C4 

VB1 
Vn 
Vaa 
V84 
VBI 
+5V 

R17 faa 

Vn 1a1 Ia2 laa 'a4 las las Ia7IaaVIlATIaaIa14'/811 

+5V 1&10 Va. 

1S 

C3 

5 24 7 • 
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Schematic (ConUnued) 

TTL 
TO 

STTL 

HC-5S04B 

LOGIC GATE SCHEMATIC 

~------------~ a 

I LOGIC BIAS I 

SCHOTTKY LOGIC 

Die Characteristics 
Transistor Count ••.......••.•.•.......•••••.•.. 185 
Diode Count. •••••..........••••..•..•.•.•.•••.. 36 

The SLiC will withstand longitudinal currents up to a maxi
mum or 3OmArms, 15mArms per leg, without any perfor
mance degradation. 

Die Dimensions ........................... 137 x 102 
Substrate Potential ....................... Connected 
Process ••...•••.....•.•...•..•....••.... Bipolar-DI 
Thermal Constants fClW) 8JA 8JC 

Ceramic DiP.................... 52 15 
Plastic DIP. .. . .. .. • . . .. .. • .. .. .. 52 22 
PLCC.......................... fJ7 29 
SOIC .......................... 76 29 

Overvoltage Protection and Longitudinal 
Current Protection 

The sLie device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specifl9d in Table 1. 

PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T/GND 

RlGND 

5OI60Hz Current 

T/GND 

RlGND 

8-96 

TABLE 1 

TEST PERFORMANCE 
CONOmON (MAX) UNITS 

11J1is Risel ±1000 (Plastic) VPEAK 

100011S Fall ±500 (Ceramic) VPEAK 

11J1is Risel ±1000 (Plastic) VPEAK 

1oo1J1is Fall ±500 (Ceramic) VPEAK 

11J1is Risel ±1000 (Plastic) VPEAK 

1000115 Fall ±500 (Ceramic) VPEAK 

11 Cycles 700 (Plastic) VRMS 

Limited to 350 (Ceramic) VRMS 
10Arms 



HC-5504B 

Applications Diagram 

np 

SUBSCRIBER 
LOOP 

RING 

-48V ..... 

~ 150V PEAK (MAX) l.J RING GENERA lOR 

BALANCE NETWORK 

Rx~-----i~--~~Irt~ 

TXi=--*i 

FIGURE 1. TYPICAL UNE CIRCUIT APPUCATION WITH THE MONOLITHIC SUC 

Typical Component Values 

C2 = 0.15J1F, 10V 

C3 = 0.31lF. 30V 

C4 = 0.51lF to 1.01lF. 10%, 20V (Should be nonpolarized) 
C5 = 0.51lF. 20V 
C6 = C7 = 0.51lF (10% Match Required) (Note 2) 

C8 = 0.011lF, 100V 

C9 = 0.011lF. 20V, :1::20% 

NOTES: 

R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute 
value) ZB = 0 for 6000 Terminations (Note 2) 

RB1 = RB2 = RB3 = RB4 = 1500 (0.1 % Match Required, 1 % 
absolute value) 

RSl = RS2 =1ko, typically. 

CSl = CS2 = 0.11lF. 200V typically, depending on VRING and 
line length. 

Zl = 150V to 200V transient protection. 
PTC used as ring generator ballast. 

1. SeCondary protection diode bridge recommended Is a 2A, 200V type. 
2. To obtain the specified transhybrid loss It Is necessary lor the three legs 01 the balance network, C6-R1 end R2 and C7-ZB-R3, to match 

in impedance to within 0.3%. Ttws, il C6 and C7 are 111F each, a 20% match Is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop is closed. Too large a value lor C6 may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 

A 0.51lF and 100kn gives a time constant 01 5Omsec. The uncommitted op amp output Is Internally clamped to stay within ±5.5V and 
also has current Rmltlng protection. 

3. An grounds (AG, BG, & 00) must be applied belore V s+ or VB-. Failure to do so may result In premature failure 01 the part. II a user wishes 
to run separate grounds off a line card, the AG must be applied first 

4. Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 

5. Pin numbers given lor DIP/sOIC package. 

Addltionallnlorrnetion is contained In Application Note 549, "The HC-550X Telephone SLlCs· By Geoff Phnlips 
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Features 
• Pin for Pin Replacement for the Hc-s504 

• Capable of +5V or +12V (VB+) Operation 

• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible WHh Worldwide PBX Per10rmance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed Ring· 
IngSystems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Une Interface Circuit for Analog and Dlgl· 

tal PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Allows MulU·Phone Operation 

Pinouts 
HC-5504DLC (PDIP, CDIP, SOIC) 

TOP VIEW 

TX 

AG 

C4 

Rx 
+IN 

'HC-5504DLC 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harri$ sue incorporates many of the BORSHT functions 
on a single ie chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the sue can oper
ate directly with a wide range of station battery voltages. 

The sue also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the sue 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris SLiC is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 

Ordering Information 
PART 

NUMBER 

HC1-5504DLC-5 

HC1-5504DLC-9 

HC3-5504DLC-5 

HC3-5504DLC-9 

HC4P5504DLC-5 

HC4P5504DLC-9 

HC9P5504DLC-5 

HC9P5504DLC-9 

TEMPERATURE 
RANGE PACKAGE 

0010+75°C 24 Lead CBramic DIP 

-40" to +85°C 24 Lead CBramic DIP 

0"Io+75°C 24 Lead Plastic DIP 

-40" to +85°C 24 Lead Plastic DIP 

0"10 +75°C 28 Lead PLCC 

-40" 10 +85°C 28 Lead PLCC 

0"Io+75"C 24 LeadSOIC 

-40" to +85°C 24 LeadSOIC 

HC-5504DLC (PLCC) 
TOP VIEW 

111!:~~!1 

-IN 

NfC 

OUT 

C2 

CAUTION: These devices ara sensitIVe to alactr_tIc discharge. Users shouldlollOw proper I.e, Handling Procaduras, 
Copyright e Harris Corporation 1993 ',' , ' 

File Number 2443.2 
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Specifications HC-5504DLC 

Absolute Maximum Ratings (Note 1) 

Maximum Continuous Supply Voltages 
(VB-) ••••••••••••••••••••••••••••••••••••• -60 to +0.5 V 
(VB+) •••.••.••••••.••••••••.•••••••••••.•. -0.5 to +15 V 
(VB+ - VB-) ••••••••••••••••••••••••••••••••••••••• +75V 

Relay Drive Voltage (VRO) ••••••••••••••••••••••• -0.5 to +15V 
Junction Tempereture Ceramic ••••••..•.••.•••••.•..• +1750C 
Junction Temperature Plastic. • • • • • • . . • • • • • • • • • • • • . . • + 15O"C 
Lead Temperature (Soldering 10 Sec.) ...•...•..••..... +3OO"C 

Operating Conditions 
operating Temperature Range 

HC-5504DLC-5 ••••••••••••••..••••••.•..•• O"C to +75°C 
HC-5504DLC-9 •••..••••.••••••••••.•.•.•. -40"C to +85°C 

Storage Temperature Range •••.•••....•.•••••• -65"0 to 15O"C 
Relay Driver Voltage (VRO) ••••••••••••••••••••••• +5 to +12V 
Positive Supply Voltage (Ve+) ••••••• 4.75 to 5.25 or 10.8 to 13.2V 
Negative Supply Voltage (V s-) •••..•..••••.•.•.••• -42 to -58V 
High Level logic Input Voltage ••.•••..••.•••.••.•••••.• 2.4V 
Low Level logic Input Voltage .•••••••.••••.•..•••••..•. 0.6V 
Loop Resistance (Ru ••.••••.•••••..••..•••.•. 200 to 12000 

CAUTION: Stresses above thosB lislsd in "Abso/ulB Maximum Ratings" may cause permanant damage 10 lhe davies. This Is a stress only rating and operation 
of the device althese or any other conditions above thosB Indlcalsd in the operational SllClions of this specification Is nol/mpNsd. 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = +12V and +5V, AG = BG = DG = OV, Typical Peremeters 
T" = +25"0. Min-Max Peremeters are Over Operating Temperature Range. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

On Hook Power Dissipation ILONG' = 0, VB+ = +12V - 170 235 mW 

Off Hook Power Dissipation RL = soon, ILONG' = 0, VB+ = +12V - 425 550 mW 

Off Hook IB+ ~ = 6000, ILONG' = 0, T" =-4O"C - - 6.0 rnA 

Off Hook IB+ ~ = 6000, ILQNG' = 0, T" = +25"0 - - 5.3 rnA 

Off Hook 18- RL = soon, ILONG' = 0 - 35 41 rnA 

Off Hook Loop Current RL = 12000, ILONG' = 0 - 21 - rnA 

Off Hook Loop Current RL = 12000, Vs- = -42V, ILONG' = 0 17.5 - - rnA 
T" = +25"C 

Off Hook Loop Current RL = 2000, ILONG' = 0 36 41 48 rnA 

Fault Currents 

TIP to Ground - 14 - rnA 

RING to Ground - 55 - rnA 

TIP to RING - 41 - rnA 

TIP and RING to Ground - 55 - rnA 

Ring Relay Drive VOL IOL=62rnA - 0.2 0.5 V 

Ring Relay Driver Off Leakage VRO = +12V, RC = 1 = HIGH, T"" +25"0 - - 100 IIA 
Ring Trip Detection Period ~=6OOO - 2 3 Ring 

Cycles 

On Hook Ringing Current - - 30 rnApk 

Switch Hook Detection Threshold SHD = VOL 18 - - rnA 

SHD=VOH - - 12 rnA 

Ground Key Detection Threshold GKD = VOL 20 - - rnA 

GKD=VOH - - 10 rnA 

Loop Current During Power Denial ~=2OOn - ±2 - rnA 

Dial Pulse Distortion 0 - 5 ms 
Receive Input Impedance (Note 2) - 110 - kn 

Transmit Output Impedance (Note 2) - 10 20 0 

Two Wire Return Loss (Referenced to soon + 2.16j1F), (Note 2) 

S~LO - 15.5 - dB 

E~ - 24 - dB 

S~HI - 31 - dB 

Longitudinal Balance 1 VRMS 200Hz - 3400Hz, (Note 2) IEEE Method 

2 Wire Off Hook 58 65 - dB 

2 Wire On Hook 60 63 - dB 

4 Wire Off Hook O"C S T" S +75°C 50 58 - dB 
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Specifications HC-5504DLC 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = +12V and +5\1, AG = BG = DG = OV, Typical Parameters 
TA = +25"C. Mln-Max Parameters are Over Operating Temperature Range. (Continued) 

PARAMETER 

Low Frequency Longitudinal Balance 

Insertion Loss 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

Frequency Response 

Idle Channel Noise 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

Absolute Delay 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

Trans Hybrid Loss 

Overload Level 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

Level Unearity 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

Power Supply Rejection Rello 

VB+t02Wlre 

VB+ to Transmit 

VB-to 2 Wire 

VB- to Transmit 

VB+ to 2 Wire 

VB+ to Transmit 

Ve-t02 Wire 

VB- to Transmit 

logic Input Current (RS, RC, PO) 

Logic Inputs 

Logic '0' V1L 

Logic 'I' V1H 

Logic Outputs 

Logic '0' VOL 

Logic 'I' VOH 

• ILONG = Longitudinal Current 
NOTES; 

CONDITIONS MIN 

R.E.A. Me1hod, (Note 2), RL = 6000 -
O"C S TA S +75OC -
at 1 kHz, OdBm Input Level, Referenced 600n 

-
200 - 3400Hz Referenced to Absolute Loss at -
1 kHz and OdBm Signal Level (Note 2) 

(Note 2) 

-
-

(Note 2) 

-
Balance Network Set Up for 600n Termination at 36 
1kHz 

VB+=+5V 1.5 

VB+= +12V 1.75 

At 1 kHz, (Note 2) Referenced to OdBm Level 

+3to-4OdBm -
-40 to -5OdBm c 

-50 to -55dBm -
(Note 2) 

30 - 60Hz, RL = 6000 15 

15 

15 

15 

200 - 16kHz RL = 600n 30 

30 

30 

30 

OVSV1N S+5V -

-
2.0 

ILOAD 6OOf,IA, VB+ = +12V, +5V -
ILOAD 8Of,IA, V s+ = + 12V 2.7 

ILOAD 4Of,IA, V s+ = +5V 2.7 

TYP MAX UNITS 

- 23 dBmC 

- .{f1 dBmOp 

±0.05 to.2 dB 

:bO.02 ±0.05 dB 

1 5 dBrnC 

-89 -85 dBmOp 

- 2 rns 

40 - dB 

- - Vpeak 

- - Vpeak 

- ±0.05 dB 

- to.t dB 

- to.3 dB 

- - dB 

- - dB 

- - dB 

- - dB 

- - dB 

- - dB 

- - dB 

- - dB 

- ±100 f,IA 

- 0.8 V 

- 5.5 V 

0.1 0.5 V 

5.0 5.5 V 

- 5.0 V 

1. Absolute maximum ratings are IImillng values, applied individually, beyond which the serviceability of the circuit may be impaired. Func
tional operability under any of these conditions Is not necessarily implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
Inillal design release, upon design changes which would affect these characteristics, and at Intervals to assure product quality and spec
Ification compliance. 
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Specifications HC-5504DLC 

Uncommitted Op Amp Specifications 

PARAMETER CONDmONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input Bias Current - 20 - nA 

Differential Input Resistance (Note 2) - 1 - MO 

Output Voltage Swing RL=10K, VB+=+12V - ±5 - VPEAK 

RL = 10K, VB+ = +5V - ±3 - VpEAK 

OUtput Resistance AvcL = 1 (Note 2) - 10 - 0 

Small Signal GBW (Note 2) - 1 - MHz 

Pin Descriptions 

28 PIN 24 PIN 
PLCC DIPISOIC SYMBOL DESCRIPTION 

2 1 TIP An analog Input connected to the TIP (more positive) side of the subscriber loop through a 1500 feed 
resistor and a ring relay contact Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

3 2 RING An analog input connected to the RING (more negative) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

4 3 RFS Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is Insert-
ed Into the line at this node and RF is isolated from RFS via a relay. 

5 4 Ve+ Positive Voltage Source - Most positive supply. Ve+ Is typically 12V or 5V. 

6 5 C3 Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Ve-. Typical value 
is 0.311F, 30V. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC microcircuit. 

9 7 RS Ring Synchronization Input - A TTL - compatible clock Input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as It appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivates when the Instantaneous ring voltage Is near zero. If synchronization is 
not required, the pin should be tied to +5V. 

10 .8 RD Relay Driver - A low active open collector logic output. When enabled, the external ring relay Is 
energized. 

11 9 TF Tip Feed - A low impedance analog output connectad to the TIP terminal through a 1500 feed resistor. 
Functions with the RF terminal to provide loop current, feed voice Signals to the telephone set, and 
sink longitudinal current. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING terminal through a 1500 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

13 11 VB- Negative Voltage Source - Most negative supply. Ve- is typically -48V with an operational range of 
-42V to -58V. FrequenUy referred to as "battery". 

14 12 BG Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 

16 13 SHD Switch Hook Detection - A low active LS TTL - compatible logic output 

17 14 GKD Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the DC 
current Into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
if this current difference is below an Internally set threshold. 

18 15 PO Power Denial- A low ac~ TTL - Compatible logic Input When enabled, the ~h hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output Is disabled. 

19 16 RC Ring Command - A low active TTL - Compatible logic Input. When enabled, the relay driver (RD) 
. .. output goQS low pn.!!!! next high IMI of the ring sync (RS) Input, as.!.2!!.a as the SLIC is not In the 

power denial state (PO = 0) or the subscriber is not already off- hook (SHO = 0). 
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Specifications HC-5504DLC 

Pin Descriptions (Continued) 

28 PIN 24 PIN 
PLCC DIPISOIC SYMBOL DESCRIPTION 

20 17 C2 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prllll8nts false ground key Indications from occurring during ring trip detection. 1\tP1ca1 value Is 0.151'F. 
10V. This capacitor Is not used H ground key function Is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 18 OUT The analog output of the spare operational amplifier. The output voltage swing Is typically ±5V. 

23 19 -IN The Irwertlng analog Input of the spare operational ampIiHer. 

24 20 +IN The non-Irwertlng analog Input of the spere operational amplifier. 

25 21 AX Receive Input, Four Wire Side - A high impedance analog Input which Is Internally biased. Capacitive 
coupling to this Input is required. AC signals appearing at this Input differentially drive the Tip faed and 
Ring faed terminals, which In turn drive lip and ring through 3000 of feed raslstance on each side of 
the line. 

26 22 C4 Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prllll8nts false ground key Indication and false ring trip detection from occurring when 
longitudinal currents are Induced onto the subscriber loop from near by power Ines and other noise 
sources. This capacitor Is also required for the proper operation of ring trip detection. 1\tP1cal value Is 
0.51'F. to 1.01'F. 20V. This capacitor should be nonpolarlzed. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(TX) and receive Input (AX) terminals. 

28 24 TX 1l'ansmit Output, Four Wire Side - A low Impedance analog output which rapresents the differential 
voltage across Tip and Ring. 1l'anshybrld balancing must be performed (using the SLiC mlcrocircuifs 
spare op amp) beyond this output to completely implement two to four wire corwersion. This output Is 
unbalanced and referenced to anaJog ground. Since the DC level of this output varies with loop 
current, capacitive coupling to the next stage Is essential. 

1,8,15,22 NC No Internal Connection. 

NOTE: All grounds (AG, BG, & DG) must be applied before VB+ or VB-. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

Functional Diagram 

2 WIRE 
LOOP 

r----------------------RiNG-------------------------l 
RING SYNC RS • TRIP .!imS SWITCH HOOK 

'1m: : DETEClION 
RING COMMAND m;: : GRl5 GROUND KEY 

: ! DETEClION 

liP: : 

500 

• • • • • • • • TF: 

• 
• TX TRANSMIT 

OUTPUT 

RING_+-....... W\o--4~-_++--J 
: .... _____ ...;.~~ RECEIVE 

RING 
VOLTAGE 

po! : INPUT 
POWER DENIAL )!-::...;. __ __J sue MICROCIRCUIT : 

~--- ... --- .. --------------------------------- .. ----------~ 
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Schematic 
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RX C4 

5 

HC-5504DLC 

SLiC FUNCTIONAL SCHEMATIC 
(DIP/SOle PIN NUMBERS SHOWN) 

11 12 23 6 4 
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vB2 
vB3 
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Schematic (Continued) 

TTL 
TO 

STTL 

HC-5504DLC 

LOGIC GATE SCHEMATIC 

r-------------~ ~ 

I LOGIC BIAS I 

SCHOTTKY LOGIC 

Die Characteristics 

Transistor Count •.•••...•..••..•••..•..•..•..•• 185 
Diode Count .•..••..........•.•..•.....••••.•••• 36 

The SLiC will withstand longitudinal currents up to a maxi
mum or 3OmArms. 15mArms per leg. without any perfor
mance degradation. 

Die Dimensions •........ ; •••.••.•.•.•....• 137 x 102 
Substrate Potential ..•••.•••.....•...•..•. Connected 
Process .......••..••..•.•.•....•••.....• Bipolar-DI 
Thermal Constants fClW) 8JA 8JC 

Ceramic DIP . . . • . . . • • . . . . . . . . . . • 52 15 
Plastic DIP. • . . . . . • • • • • • • . . . • . . . . 52 22 
PLCC.......................... 67 29 
SOIC.......................... 76 24 

Overvoltage Protection and Longitudinal 
Current Protection 

The SLiC device. in conjunction with an external protection 
bridge. will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T/GND 

RlGND 

5OI60Hz Current 

T/GND 

RlGND 
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TABLE 1 

TEST PERFORMANCE 
CONDITION (MAX) UNITS 

10j1s Risel ±1000 (Plastic) VPEAK 

1000JISIFail ±500 (Ceramic) VPEAK 

10j1s Risel ±1000 (Plastic) VPEAK 

100011 Fall ±500 (Ceramic) VPEAK 

10j1sRisel ±1000 (Plastic) VPEAK 

1000jlS Fall ±500 (Ceramic) VPEAK 

11 Cycles 700 (Plastic) VRMS 

limited to 350 (Ceramic) VRMS 
10Arms 



HC-5504DLC 

Applications Diagram 

TIP 

SUBSCRIBER 
LOOP 

RING 

-48V "=" 

r:h 150V PEAK (MAX) L.J' RING GENERATOR 

BALANCE NETWORK 

RX~----~~----~ 

TXt=--....-t 

FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 

Typical Component Values 

C2 = 0.15J.lF, 10V 

C3 = 0.3JlF. 30V 
C4 = 0.511F to 1.011F. 10%, 20V (Should be nonpolarized) 

C5 = 0.511F. 20V 

C6 = C7 = 0.5J.lF (10% Match Required) (Note 2) 
C8 = 0.0111F, 100V 

C9 = 0.0111F. 20V, ~O% 

NOTES: 

R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute 
value) ZB = 0 for 600n Tenninations (Note 2) 

RB1 = RB2 = RB3 = RB4 = 150n (0.1 % Match Required, 1 % 
absolute value) 

RSl = RS2 =1kO, typically. 
CSl = CS2 = 0.111F. 200V typically, depending on VR1NG and 
line length. 

Zl = 150V to 200V transient protection. 
PTC used as ring generator ballast. 

1. Secondary protection diode bridge recommended Is a 2A, 200V type. 
2. To obtain the specified transhybrld loss It Is necessary for the three legs of the balance network, C6-R 1 and R2 and C7 ·ZB·R3, to match 

in impedance to within 0.3%. Thus, If C6 and C7 are 111F each, a 20% match Is adequate. It should be noted that the transmit output to 
C6 sees a ·22V step when the loop Is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM FilterICOOEC. 

A O.SI1F and 100k0 gives a time constant of sOmsec. The uncommitted op amp output Is internaHy clamped to stay within ±S.SV and 
also has current NmItIng protection. 

3. All grounds (AG, eG, & 00) must be applied before VB+ or Vr;. Failure to do so may result in premature failure of the part If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 

4. To prevent saluratlon of Iongiludinat amplifier during ringing. the ringer current should be limited to tess than 30mA peak. 

S. Application shows Ring Injected ringing, a Balanced or Tip Injected configuration may be used. 

6. Pin numbers given for DIPISOIC package. 

Additional Information is contalned in Application Note 549, "The HC-5S0X Telephone SLICs' By Geoff Phillips 
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PRELIMINARY 
March 1993 

Features 
• Of Monolithic High Voltage Process 

HC-5509A1 
SLiC 

Subscriber Line Interface Circuit 

Description 

• Compatible whh Worldwide PBX and CO Performance 
Requirements 

The HC-5509A1 telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
IC. The device is manufactured in a Dielectric Isolation (01) 
process and is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func
tions of the line card. Together with a secondary protection 
diode bridge and "feed" resistors, the device will withstand 
1000V lightning induced surges, in plastic packages. The 
SLiC also maintains speCified transmission performance in 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SLiC provides are: 

• COntrolled Supply of BatI8ry Feed CUrrent with Programmable 
Current Umlt 

• Operates with 5V Positive Supply (V.J 
• Internal Ring Relay Driver and a UtIlity Relay Driver 
• High Impedance Mode for Subscriber Loop 
• High Temperature Alarm Output • 
• Low Power Consumption During Standby Functions 
• SWitch Hook, Ground Key, and Ring Trip Detection 
• selective Power Denial to Subscriber 
• Voice Path Active During Power Denial 
• On Chip Op-Amp for 2 Wlra Impedance Matching 

Applications • Battery Feed with Subscriber Loop Current Limiting 
• Solid Stete Une Interface Circuit for PBX or Central OffIce • Overvoltage Protection 

Systems, Digital Loop carrier Systems 
• Ring Relay Driver • Hotel/Motei Switching Systems 

• Direct Inward Dialing (DID) Trunks 
• Voice Messaging PBX's 
• High Voltage 2W/4W, 4W12W Hybrid 

Ordering Information 
PART NUMBER TEMP. RANGE 

HC1-5509A1-5 rf'to +75"C 

HC1-5509A 1-9 -40" to +85"0 

HC3-5509A 1-5 rf'to +75°C 

HC3-5509A 1-9 -40" to +85"0 

HC4P5509A 1-5 rf'to +75°C 

HC4P5509A 1-9 -40" to +85°C 

HC9P5509A 1-5 rf'to +75"C 

HC9P5509A 1-9 -40" to +85°C 

Pinouts 
HC-5509A 1 (PDIP, CDIP, SOIC) 

TOP VIEW 

RF 

TF 

VFB 

IllS 

PAl 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

PACKAGE 

28 Lead Ceramic DIP 

In addition, the SLiC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 6OmA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLiC device. 

28 Lead Ceramic DIP 

28 Lead Plastic 01 P 

28 Lead Plastic DIP 

44 Lead PLCC 

44LeadPLCC 

28 Lead SOIC 

The HC-5509A 1 SLiC is ideally suited for line card designs 
in PBX and CO systems, replacing traditional transformer 
solutions. 

28 LeadSOIC 

TRUTH TABLE 

F1 FO ACTION 

0 0 Normal Loop Feed 

0 1 RD Active 

1 0 Power Down Latch 
RESET 

1 0 Power on RESET 

1 1 Loop Power 
Denial Active 

NIC L. 7 
FIr- • 
FO~' 
lIS 10 

iiii 11 
lIRIS 11 
UT 18 
iili 14 
NIC 11 
NIC 1. 
NIC 17 

Hc-5509A 1 (PLCC) 
TOP VIEW 

~~Z;!h~lJjm~ff 

ixi 311= TFI 
311= VFB 
87 IllS 
31 BG 
311 DO 

M '" 88 PII 
32 VTX 
81 LAO 
80 NIC 
18 NIC 

'- 1.11101111112425188718 / 

CAUTION: These dill/ices are aenshlvll to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3567 
Copyrlght@HarrisCorporation 1993 
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Absolute Maximum Ratings (Note 1) 

Specifications HC-5509A 1 

Operating Conditions 
Operating Temperature Range Relay Drivers •• • • • • • • • • • • • • • • • • • • • • • • • • • • • •• -O.SV to + lSV 

Maximum Supply Voltages HC-5509Al-S •••••••••••••••••••••••••••••• O"C to +7S"O 
(Va..) •••••.••••••••••••••••••••••••••••••• -O.SV to +7V 
(Va..)-(Va.) ••••••••••••••••••••••••••••••••••••••• +7SV 

Junction Temperature Ceramic ••••••••••••••••••••••• +17SoC 
Junction Temperature Plastic. • • • • • • • • • • • • • • • • • • • • • • • +1 SOOC 
Lead Temperature (Soldering 10 Sec.) ...•...•.•....•.. +3oooC 

HC-5509A 1-9 ••••••••••••••••••••••••••••• -4O"C to +85°C 
Storage Temperature Range •••••••••••••••••• -6S"O to + l5O"C 
Relay Drivers ••••••••••••••••••••••••••••••••• +5V to + 12V 
Positive Power Supply (Va..) •••••••••••••••••••••••• +5V ±S% 
Negative Power Supply (VII-) ••••••••••••••••••••• -42V to -58V 
Loop Resistance (RU ••••••••••••••••• 2000 to 17S00 (Note 2) 

CAUTION: Stresses abow Ihoss listed In "Abso/uts Maximum Ratings" may cause permanent damage to the dsvica. This is • stress only I8ting and op6l8tion 
of the device at these or any other conditions above Ihoss Indlcatsd In the opBl8t1ona1 sections of this specification is not implied. 

Electrical SpeCifications Unless Otherwise Specllled, 1')'pIcai Parameters are at TA = +2SoC, Mln-Max Parameters are over Oper
ating Temperature Range, VII- = -48V, Va.. = +5v, AG = DG = BG = OV. All A.C. Parameters are specilled 
at 6000 2-Wire terminating Impedance. 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

A.C. TRANSMISSION PARAMETERS 

RX Input Impedance 300Hz to 3.4kHz (Note 3) - 100 - kG 

TX OUtput Impedance 300Hz to 3.4kHz (Note 3) - - 20 0 

4W Input Overload Level 300Hz to 3.4kHz RL = 12000, +l.S - - VPEAK 
6000 Reference 

2W Retum Loss Matched for 6000 (Note 3) 

SRLLO 26 35 - dB 

ERL 30 40 - dB 

SRLHI 30 40 · dB 

2W Longitudinal to Metallic Balance Per ANSIIIEEE STD 455-1976 (Note 3) 58 63 · dB 
Off Hook 300Hz to 3400Hz 

4W longitudinal Balance 300Hz to 3400Hz (Note 3) 50 55 · dB 
Off Hook 

Low Frequency Longitudinal Balance R.EA Test Circuit - - -67 dBmp 

IUNE = 40mA TA = +25"C (Note 3) - - 23 dBrnC 

longitudinal Current Capability IUNE = 40mA TA = +25"C (Note 3) - - 30 mArrns 

Insertion Loss OdBm at 1 kHz, Referenced 6000 

2W/4W - ±D.OS ±D.2 dB 

4W/2W - ±D.OS ±D.2 dB 

4W/4W - - ±D.12 dB 

Frequency Response 300Hz to 3400Hz (Note 3) Referenced to - ±D.02 ±D.OS dB 
Absolute Level atl kHz, OdBm Referenced 
6000 

Level Linearity Referenced to -lOdBm (Note 3) 

2W to 4W and 4W to 2W +3to-40dBm - - ±D.OS dB 

-40 to -50dBm - - ±D. 1 dB 

-50 to -55dBm - . ±0.3 dB 
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Specifications HC-5509A 1 

Electrical Specifications Unless Otherwise Specified, '1\'plcal Parameters are at TA = +25°C, Mln-Max Parameters are over Oper
ating Temperature Range, Va- = -48V, Vs. = +5\1, AG = DG = BG = ov. All A.C. Parameters are specified 
at 6000 2-Wire terminating impedance. (Continued) 

PARAMETER TEST CONorrlONS MIN TYP MAX UNITS 

Absolute Delay (Note 3) 

2W/4W 300Hz to 3400Hz - - 1 lIS 

4W12W 300Hz to 3400Hz - - 1 lIS 

4W/4W 300Hz to 3400Hz - - 1.5 lIS 

Transhybrld Loss, THL (Note 3) See Figure 1 - 40 - dB 

Total Harmonic Distortion Reference Level OdBm at 6000 - - -52 dB 
2W/4W, 4WI2W, 4W/4W 300Hz to 3400Hz (Note 3) 

Idle Channel Noise (Note 3) 

2W and 4W C-Message - - 5 dBrnC 

Psophometrlc - - -85 dBmp 

3kHz Flat - - 15 dBrn 

Power Supply Rejection Ratio (Note 3) 

Vs.t02W 
30Hz to 200Hz, F\. = 6000 

20 29 dB -
Vs. to 4W 20 29 - dB 

Va- t02W 20 29 - dB 

Va-to4W 20 29 - dB 

Vs.t04W (Note 3) 30 - - dB 

Va- t02W 
200Hz to 16kHz, RL = 6000 

30 dB - -
Va- t04W 20 25 - dB 

Va-to4W 20 25 - dB 

Ring Sync Pulse Width 50 - 500 lIS 

D.C. PARAMETERS 

Loop Current Programming 

limit Range 20 40 60 rnA 

Accuracy 10 - - % 

Loop Current During Power Denial RL = 2000 - ±3 ±5 rnA 

Fault Currents 

TIP to Ground - 30 - rnA 

RING to Ground - 60 - rnA 

TIP and RING to Ground - 90 - rnA 

Switch Hook Detection Threshold - 12 15 rnA 

Ground Key Detection Threshold 8 12 16 rnA 

Thermal ALARM Output Safe Operating Ole Temperature Exceeded 140 - 160 OC 
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Specifications HC-5509A 1 

Electrical Specifications Unless Otherwise Spacffied, lYpicai Parameters are at TA = +25°C, Mln-Max Parameters are over Oper
ating Temperature Range, Va- = -48V, Va. = +5V, /Il3 = DG = BG = OV. All A.C. Parameters are specified 
at 6000 2-Wlre terminating Impedance. (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Ring Trip Comparator Threshold Sea Typical Applications for more Informa- 9.5 13.5 17.5 rnA 
tlon 

Dial Pulse Distortion - 0.1 0.5 ms 

Relay Driver Outputs 

On Voltage VOL tOL (PR) = 6OmA, IOL (00) = 30mA - 0.2 0.5 V 

011 Leakage Currant VOH = 13.2V - ±10 ±loo jIA 

nuCMOS logic Inputs (FO, Fl, RS, TEST, 
PRI) 

Logic '0' V1L - - 0.8 V 

Logic '1' V1H 2.0 - 5.5 V 

Input Current (FO, Fl, RS, TEST, PRI) OVSV1N S5V - - ±1oo jIA 

Logic Outputs 

Logic '0' VOL IlOAC = 800jIA - 0.1 0.5 V 

logic '1' VOH ILOAD = 40jIA 2.7 - - V 

Power Dissipation On Hook Relay Drivers Off - 200 - mW 

Ia. Va. = +5.25V, Va- = -58V, ~oop = 00 - - 6 rnA 

la- Va. = +5.25V, Vrr = -58V, RLOOP = 00 -6 - - rnA 

UNCOMMITED OP AMP PARAMETERS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Differential Input Resistance (Note 2) - 1 - MO 

Output Voltage SwIng RL= 10ka - ±3 - Vp.f' 

Small Signal GBW (Note 2) - I - MHz 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the servlcaablUty of the circuit may be Impaired. Func
tional operability under any of these conditions Is not necessarily Implied. 

2. May Be Extended to 19000 With Application Circuit. 

3. These parameters are controlled by design or process parameters and are not direcUy tested. These parameters are characterized upon 
Initial design release, upon design changes which would affect these characteristics, and at intervals to assure product qua6ty and spec
ification compliance. 
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HC-5509A1 

Pin Descriptions 

DlPISOIC PLCC SYMBOL DESCRIPTION 

1 2 AG Analog Ground· To be connected to zero potential. Serves as a reference for the transmit output 
and receive Input terminals. 

2 3 VB+ PosItive Voltage Source· Most PosItive Supply. 

3 4 C1 Capacitor ItO 1 • An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 

4 8 F1 Function Address .1 • A TTL and CMOS compatible Input used with FO function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page1. Fl should be toggled high after power is applied. 

5 9 FO Function Address 10 • A TTL and CMOS compatible Input used with F1 function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on pege 1. 

6 10 AS Ring Synchronization Input· A TTL • compatible clock Input. The clock Is arranged such that a 
positive pulse (50 • 500jls) occurs on the zero crossing of the ring voltage source, as It appears 
at the RFS terminal For Tip side Injected systems, the RS pulse should occur on the negative 
going zero crossing and for Ring Injected systems, on the positiVe going zero crossing. This en· 
sures thet the ring delay actiVates and deactiVates when the Instantaneous ring voltage is near 
zero. If synchronization Is not required, the pin should be tied to +5. 

7 11 SHD Switch Hook Detection· An active low LS TTL compatible logic output A line supervisory output. 

8 12 GKD Ground Key Detection· An active low LS TTL compatible logic output. A line supervisory output. 

9 13 TST A TTL logic Input A low on this pin will set a ~ and keep the SLiC In a power down mode until 
the proper F1, FO state Is set and will keep ALM low. See 1i1Jth Table on page 1. 

10 14 ALM A LS TTL compatible active low output which responds t2J!!!l thermal detector circuit when a safe 
opereti~ie temperature has been exceeded. When TST .!!Lorced low by an external co~ 
signal, ALM Is latched low until the proper F1, FO state and TST Input Is brought high. The ALM 
can be tied directly to the ffi pin to power down the part when a thermal fault Is detected and 
then reset with FO, F1. See 1l'uth Table on page 1. It Is poss~ to Ignore tran.!!2!!t thermal over· 
load conditions In the SLIC by delaying the response to the TST pin from the ALM. Care must be 
exercised In attempting this as continued thermal overstress may reduced component life. 

11 18 ILMT Loop Current Umlt • Voltage on this pin sets the short loop current Hmltlng conditions using are· 
slstive voltage divider. 

12 19 OUTt The analog output of the spare operational amplifier. 

13 20 ·IN1 The inverting analog Input of the spare operational amplifier. 

14 22 TIP An analog Input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from 
the telephone and for loop monitoring purpose. 

15 24 RING An analog Input connected to the RING (more negative) side of the subscriber loop through a 
feed resistor. Functions with the TIP terminal to receive voice signals from the telephone and for 
loop monitoring purposes. 

16 25 RFS Ring Feed Sense· Senses RING side of the loop for Ground Key Detection. During Ring Injected 
ringing the ring signal at this node is Isotated from RF via the ring relay. For Tip Injected ringing, 
the RF and RFS pins must be shorted. 

17 27 VAX Receive Input, Four Wire Side· A high Impedance analog Input AC signals appearing at this 
Input drive the Tip Feed and Ring Feed amplifiers differentially. 

18 31 LAO longitudinal Amplifier Output • A low Impedance output to be connected to C2 through a low 
pass filter. Output Is proportional to the difference in ITIP and IRINO' 
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HC-5509A1 

Pin Descriptions (Continued) 

DlPISOIC PLCC SYMBOL DESCRIPTION 

19 32 VTX Transmit Output, Four Wire Side - A low Impedance analog output which represents the dlffer-. 
ential voltage across TIP and RING. Transhybrld balancing must be performed beyond this out-
put to completely Implement two to four wire conversion. This output Is referenced to analog 
ground. Since the D.C. level of this output varies with loop current, capacitive coupling to the next 
stage Is necessary. 

20 33 PRI A TTL compatible Input used to control PRo PRI actiVe High = PR active low. 

21 34 PR An active low open collector output Can be used to drive a Polarity Reversal Relay. 

NA 35 DG Digital Ground - To be connected to zero potential - serves as reference for all digital Inputs and 
outputs on the SLiC. 

22 36 BG Battery Ground - Tube connected to zero potanlial. All loop current and some quiescent current 
flows Into this terminal. 

23 '37 RD Ring Retay Driver - An active low open collector output. Used to drive a relay that switches ring-
Ing signals onto the 2-Wlre line. 

24 38 VFB Feedback input to the tip feed amplifier; may be US&<! In conjunction with transmit output signal 
and the spare op-amp to accommodate 2W line impedance matching. 

25 39 TF2 Tip Feed - A low Impedance analog output connected to the TiP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1. 

NA 40 TFl Tie directly to TF2 In the PLCC application. 

26 41 RF1 Ring Feed - A low impedance analog output connected to the RING terminal through a feed re-
sistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and to sink longitudinal currents. TIe directly to RF2. 

NA 42 RF2 Tie directly to RFl In the PLCC application. 

27 43 VB- The battery voltage source. The most negatiVe supply. 

28 44 C2 Capacitor #2 - An external capacitor to be connected between this terminal and ground. It pre-
vents false ring trip detection from occurring when longitudinal currents are induced onto the sub-
scriber loop from power lines and other noise sources. This capacitor should be nonpolarlzed. 

1,5,6,7, NC No internal connection. 
15,16, 
17,21, 
23,26, 

28,29,30 

NOTE: 

1. All grounds (AG, BG, DG) must be applied before VII+ or Va.. Failure to do so may result In premature failure of the part If a user wishes 
to run separate grounds off a line card, the AG must be applied first 
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HC-5509A1 

Functional Diagram 
D/P OR SOIC 

BIAS 
NETWORK 

sw 

TSD 

GK 

RFC 

w 

~ 
II: 

~ 
g 
g 
;;;! 

Die Characteristics The SLIC will withstand longitudinal currents up to a maxi-
mum or 3OmArms, 15mArms per leg, without any perfor

Transistor Count ..•...••..••...•......•..•.•.•. 224 mance degradation 
Diode Count. ..••....••..•..•••.....•••....•.•.. 28 
Die Dimensions .•.......•.••••••.•....•... 174 x 120 TABLE 1. 
Substrate Potential •..••......•......••... Connected 
Process .........•...•••..••••........... Bipolar-DI 
Thermal Constants f'CIW) 9JA 9JC 
Ceramic DIP . . • • . . . . . . • . • . . • • • . . 48 12 
Plastic DIP. . . . . • . . . . • . . . . . . . . • . . 51 21 
PLCC.......................... 47 17 
SOIC.......................... 72 22 

Overvoltage Protection and Longitudinal 
Current Protection 
The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

PARAMETER 

longitudinal 
Surge 

Metallic Surge 

T/GND 

RlGND 

50160Hz Current 

T/GND 

R/GND 
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TEST PERFORMANCE 
CONDITION (MAX) 

lOps Risel ±1000 (Plastic) 

l000jls Fall ±500 (Ceramic) 

lOps Risel ±1000 (Plastic) 

l00011S Fall ±500 (Ceramic) 

10jls Rise! ±1000 (Plastic) 

l00011S Fall ±500 (Ceramic) 

11 Cyclas 700 (Plastic) 

Limited to 350 (Ceramic) 
lOArrns 

UNITS 

VPEAK 

VPEAK 

VPEAK 

VPEAK 

VPEAK 

VPEAK 

VRIIS 

VRIIS 



Functional Diagram (Continued) 

R=108kn 
NC.1, 5, 6, 7,15, 16,17 
21, 23, 26, 28, 29, 30 

HC-5509A1 

PLCC 
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Logic Diagram 

HC-5509A1 

• • • • • • • • • • • • • ~ _____________________________________ ... _ .. _____ J 

KEY 

A 
B 
C 

NOTE: PRIIs an Independent switch driven by TTL input levels. 
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HC-5509A1 

Applications Diagram 

VAX+ ti---+--+,--o 
VF8 

-IN1 

: FROMPCM 
: F1LTERfCODER , , , , 
: : , , 
: : , , 

OUT1 , ______ ,, ______ • TO HYBIRD 

BALANCE 
LAO NETWORK 

RF1 

FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE.MONOLITHIC SLiC 

TYPICAL COMPONENT VALUES 

C1 = 0.5lLF. 30V 

RF1 = RF2 = 210kD, 1% 

CF1 = CF2 = 0.221lF. 10%, 20V Nonpolarized 

C3 = 0.01lLF. 100\1, ±20% 

C4 = 0.011lF. 100\1, ±20% 

C5 = 0.011lF. 1OOV, ±20% 

CAe = 0.51lF. 20V 

KZo = 6Oko, (Zo = 6000, K = Scaling Factor = 100) 
RL 1, RL2; Current Limit Setting Resistors: 

RL 1 + RL2 > 90kQ -+ offset 

KRF = 2OkD, RF = 2(RB2 + RB4), K = Scaling Factor = 100) 

RB1 = RB2 = RBa = RB4 = 500 (1% absolute, matching 
requirements covered in a Tech Brief) 

RSI = RS2 = 1kO typically 

CS1 = CS2 = 0.11lF. 200V typically, depending on VRing and 
line length. 

Z1 = 150V to 200V transient protector. PTC used as ring 
generator ballast. 
, Secondary protection diode bridge recommended is 3A, 200V 

type. 

ILiMIT = (0.6) (RL 1 + RL2)/(2oo x RL2), RL 1 typically 100kn 

"TF1, TF2 and RF1, RF2 are on PLCC only and should be con
nected together as shown. 

"'Not Present on DIP or SOIC packages. 
NOTES: 

1. All grounds (AG, 00, & 00) must be applied before Va+ or Va-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 

2. Application shows Ring Injected Ringing, a Balanced or Tip injected configuration may be used. 
Additional information is contained In Application Note 549, "The HC-550X Telephone SLiCs' By Geoff Phillips 
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Features 
• 01 Monolithic High Voltage Process 
• Compatible with WOrldwide PBX and CO Performance 

Requirements 
• ControUed Supply of Battery Feed CUrrent with Programmable 

Current Limit 
• Operates with 5V Positive Supply (V.J 
• Internal Ring Relay Driver and a Utility Relay Driver 
• High Impedance Mode for Subscriber Loop 
• High Temperature Alarm Output 
• Low Power Consumption During Standby Functions 
• Switch Hook, Ground Key, and Ring TrIp Detection 
• Selective Power Denial to SUbscriber 
• Voice Path Active During Power Denial 
• On Chip Op·Amp for 2 Wire Impedance Matching 

Applications 
• Solid State Line Interface Circuit for PBX or Central OffIce 

Systems, Digital Loop carrier Systems 
• HoteliMotei Switching Systems 
• Direct Inward Dialing (DID) Trunks 
• Voice Messaging PBX's 
• High Voltage 2W/4W, 4W12W Hybrid 

Ordering Information 
PART NUMBER TEMP. RANGE 

HCl-5509B-5 0"10 +75°C 
HC 1·5509B-9 -400 to +85°C 
HC3-5509B-5 OOto+75°C 
HC3-5509B-9 -400 to +85°C 
HC4P5509B·5 0" 10 +75°C 
HC4P5509B-9 -400 10 +85°C 
HC9P5509B·5 0"10 +7500 
HC9P5509B-9 -400 10 +85°C 

Pinouts 
Hc-5S09B (PDIP, CDlP, SOIC) 

TOP VIEW 

PACKAGE 
28 Lead Ceramic DIP 
28 Lead Ceramic DIP 
28 Lead Plastic DIP 
28 Lead Plastic DIP 
44 Lead PLCC 
44 Lead PLCC 
28 LeadSOIC 
28 LeadSOIC 

He-5509B 
SLiC 

Subscriber Line Interface Circuit 

Description 
The HC·5509B telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
IC. The device is manufactured in a Dielectric Isolation (01) 
process and is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func
tions of the line card. Together with a secondary protection 
diode bridge and "feed" resistors. the device will withstand 
1000V lightning induced surges, in plastic packages. The 
SUC also maintains specified transmission performance in 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SUC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with ExternaIOp-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SUC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 6OmA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SUC device. 

The HC·5509B SUC is ideally suited for line card designs in 
PBX and CO systems, replacing traditional transformer 
solutions. 

HC-5509B (PLCC) 
TOP VIEW 

TRUTH TABLE ~~u!h~Z~m~~ 

F1 FO ACTION /' I 4 3 2: 1 :44 4342 41 40 "-: : 

0 0 Normal Loop Feed 

0 1 RD A9tive 

1 0 Power Down Latch 
RESET 

NIC F7 L~j 
311 1= TFI 

Fl I 311= TF2 

FO • 371= VFB 
AS 10 

:1= AD 
iIIli 11 DO 

CIRIS 12 34 Pii 
1 0 Power on RESET m 18 31 PII 

NIC 14 32 vrx 
1 1 Loop Power NIC IS 81 C2 

Denial Active NIC 1. ao NIC 

XIlI 17 28 NIC 

II II 20 21 32 23 24 2S 28 27 21 

!i~~"~i;~~~ 

CAUTION: These devices are sensltfve to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyrlght@HarrisCorporatlon 1993 

File Number 2799.2 
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Specifications HC-5509B 

Absolute Maximum Ratings (Nole 1) 

Relay Drivers • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• -O.5V 10 + 15V 
Maximum Supply Voltages 

(Va.) ••••••••••••••••••••••••••••••••••••• -O.5V 10 +7V 
(VB+)-(Ve-) ••••••••••••••••••••••••••••••••••••••• +75V 

Junction Temperature Ceramic •••••••••..••••••.•.••. +1750C 
Junction Temperature Plasllc • • • • • • • • • • • • • • • • • •• • • • • • + 1500C 
Lead Temperature (Soldering 10 Sec.) ••••••••••••••••• +3OO"C 

Operating Conditions 
Operating Temperalure Range 

HC-5509B-5 ••••••••••••••••••••••••••••••• OOC 10 +750C 
HC-5509B-9 ••••••••••••.••••••.•••••••••• -40"C 10 +85°C 

Storage Temperature Range •••••••••••••••••• -6500 10 + 1500C 
Relay Drivers ••••••••••••••••••••••••••••••••• +5V 10 +12V 
Positive Power Supply (VB+) •••••••••••••••••••••••• +5V ±5% 
Negative Power Supply (Ve-) ••••••••••••••••••••• -42V to -58V 
Loop Resistance (Ru •.••••••••••••••• 200010 17500 (Nole 2) 

CAurION: Stresses sbOII8 those listed in "Abso/u/9 Maximum RaUngs' may cause permanent damage to the davice. This is a stress only rating and operation 
of the device at lhasa or any other conditions abo"" lhasa Indicated in the operational sections of this specification is not Implied. 

Electrical Specifications Unless Otherwise Specified, Typical Parameters are at T" = +25°C, Min-Max Parameters are over Oper
ating Temperature Range, Va. = -48V, VB+ = +5V, AG = DG = BG = OV. All A.C. Paramelers are specified 
al 6000 2-Wlre terminating Impedance. 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

A.C. TRANSMISSION PARAMETERS 

AX Inpullmpedance 300Hz to 3.4kHz (Note 3) - 100 - kO 

TX Output Impedance 300Hz to 3.4kHz (Nole 3) - - 20 0 

4W Inpul Overload Level 300Hz 10 3.4kHz RL = 12000, +1.5 - - VPEAK 
600n Reference 

2W Return Loss Matched for 6000 (Nole 3) 

SRLLO 26 35 - dB 

ERL 30 40 - dB 

SRLHI 30 40 - dB 

2W longitudinal 10 Melallic Balance Per ANSVIEEE STD 455-1976 (Note 3) 58 63 - dB 
Off Hook 300Hz 10 3400Hz 

4W Longitudinal Balance 300Hz 10 3400Hz (Nole 3) 50 55 - dB 
Off Hook 

Low Frequency Longitudinal Balance R.E.A. Tesl Circuil - - -67 dBmp 

IUNE = 40mA T" = +250C (Note 3) - - 23 dBrnC 

Longitudinal Currenl Capability IUNE = 40mA T" = +250C (Note 3) - - 30 mAnns 

Insertion Loss OdBm ali kHz, Referenced soon 
2W/4W - to.OS ±O.2 dB 

4W12W - ±O.OS ±O.2 dB 

4W/4W - - ±0.12 dB 

Frequency Response 300Hz 10 3400Hz (Note 3) Referenced to Ab- - ±0.02 ±O.OS dB 
solute Level ali kHz, OdBm Referenced 
6000 

Level Unearity Referenced 10 -10dBm (Note 3) 

2W 104W and 4W 10 2W +310-4OdBm - - ±0.05 dB 

-40 10 -SOdBm - - ±O.1 dB 

-50 to -55dBm - - ±O.3 dB 
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Specifications HC-5509f;3 

Electrical Specifications Unless OtherwIse Specified. ~aI Parameters are at TA = +25"C. Mln-Max Parameters are over Oper· 
ating Temperature Range. VB- = -48v, Va. = +5V. All = DG = BG = OV. All A.C. Parameters are spaciflad 
at 6000 2·Wlre terminating impedance. (Continued) 

PARAMETER TEST CONDmOlfS MIN TYP MAX UNITS 

Absolute Delay (Note 3) 

2W/4W 300Hz to 3400Hz · · 1 lIS 

4W12W 300Hz to 3400Hz · · 1 lIS 

4W/4W 300Hz to 3400Hz · · 1.5 lIS 

Transhybrid Loss. THL (Note 3) Sea FIgure 1 · 40 · dB 

Total Harmonic DIstortion Reference Lavel OdBm at 6000 · · -52 dB 
2W/4W. 4WI2W. 4W/4W 300Hz to 3400Hz (Note 3) 

Idle Channel Noise (Note 3) 

2Wand4W C-Message · · 5 dBrnC 

Psophomatric · · -85 dBmp 

3kHz Flat · · 15 dBrn 

Power Supply Rejection Ratio (Note 3) 

VII+ to2W 
30Hz to 200Hz. At. = 600n 

20 29 dB · 
VII+ to 4W 20 29 · dB 

VB-to2W 20 29 · dB 

Ve.to4W 20 29 · dB 

VII+ t04W (Note 3) 30 · · dB 

VB-to2W 
200Hz to 16kHz, RL = 6000 

30 dB · · 
VB-to4W 20 25 · dB 

VB.to4W 20 25 · dB 

Ring Sync Pulse Width 50 · 500 lIS 

D.C. PARAMETERS 

Loop Currant Programming 

UmltRange 20 40 60 rnA 

Accuracy 10 · · % 

Loop Currant During Power Denial At. = 200n · ±3 ±5 rnA 

Fault Currants 

np to Ground · 30 · rnA 

RING to Ground · 60 · rnA 

TIP and RING to Ground · 90 · rnA 

Switch Hook Dataclion Threshold · 12 15 rnA 

Ground Kay Detaclion Threshold · 10 · rnA 

Thermal ALARM Output Safe Operating Die Tamperature Exceeded 140 · 160 ·C 
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SpecNications HC-5S09B 

Electrical Specffications Unless Otherwise Specffied, 'JYpIcai Parameters are at TA = +25°C, Min-Max Parameters are over Oper· 
ating TernpersbJre Range, VB- = -48V, Va. = +5V, /Ill = DG = BG = OV. All A.C. Parameters are specified 
at 6OO02·Wlre terminating Impedance. (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Ring Trip Detection Threshold VR1NG = 105VRMS, 'RING - 20Hz · 10 · mA 

Ring Trip Detection Period · 100 150 ms 

Dial Pulse Distortion · 0.1 0.5 ms 

Relay Driver OUtputs 

On Voltage VOl 10l (PR) = 6OmA, IOL (RD) = 30mA · 0.2 0.5 V 

Off Leakage Current VOH= 13.2V · ±10 ±100 IIA 

TTlJCMOS Logic Inputs (FO, F1, RS, TEST, 
PRI) 

logic '0' V1L · · 0.8 V 

Logic '1' V1H 2.0 · 5.5 V 

Input Current (FO, F1, RS, TEST, PRI) OVSV1N S5V · · ±100 IIA 

Logic Outputs 

Logic '0' VOL ILOAD = 800IIA · 0.1 0.5 V 

logic '1' VOH ILOAD = 4011A 2.7 · · V 

Power Dissipation On Hook Relay DrIvers Off · 200 · mw 

lB. Va. = +5.25V, VB- = ·58V, ~p = 00 · · 6 mA 

lB. Va. = +5.25V, Va- = .58V, RLOOP = - -6 · · mA 

UNCOMMITED OP AMP PARAMETERS 

Input Ollset Voltage · ±5 · mV 

Input Offset Current · ±10 · nA 

Dillerentialinput Resistance (Note 3) · 1 · Mn 

Output Voltage Swing ~=1()kQ · ±3 · Vp.p 

Small Signal GBW (Note 3) · 1 · MHz 

NOTES: ~ 
1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability 01 the circuit may be Impaired. Func- ~ 

tional operability under any 01 these conditions Is not necessarily Implied. ~ 

2. May Be Extended to 1900Q With Application Circuit. 

3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
Initial design release, upon design changes which would affect these characteristics, and at Intervals to assure product quality and spec. 
mcatlon compliance. 
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HC-5509B 

Pin Descriptions 

DlPISOIC PLCC SYMBOL DESCRIPTION 

1 2 AG AnaJog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive Input terminals. 

2 3 VB+ PosItive Voltage Source - Most PosItive Supply. 

3 4 C1 Capacitor #C 1 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 

4 8 F1 Funcllon Address #1 - A TTL and CMOS compatible Input used with FO funcllon address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page1. F1 should be toggled high after power Is applied. 

5 9 FO Funcllon Address #0 - A TTL and CMOS compatible Input used with F1 function address line to 
externally select logic functions. The three selectable funcllons are mutually exclusive. See Truth 
Table on page 1. 

6 10 RS Ring Synchronization Input - A TTL - compatible clock Input. The clock Is arranged such that a 
positive pulse (50 - 500jlS) occurs on the zero crossing of the ring voltage source, as It appears 
at the RFS terminal. For Tip side Injected systems, the RS pulse should occur on the negative 
going zero crossing and for Ring Injected systems, on the positive going zero crossing. This en-
sures that the ring delay activates and deactivates when the instantaneous ring voltage Is near 
zero. If synchronization Is not required, the pin should be tied to +5. 

7 11 SHD Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

8 12 GKD Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 

9 13 i'Si' A TTL logic Input A low on this pin will sat a latch and keep the SLiC In a power down mode until 
the proper F1, FO state Is set and will keep ALM low. See 1l"uth Table on page 1. 

10 17 ALM A LS TTL compatible active low output which responds t~ thermal detector circuit when a safe 
operati!!S.!!!e temperature has been exceeded. When TST Is forced low by an external co.!!!!:!!! 
signal, ALM Is latched low until the proper F1, FO state and 'i'S'i" Input Is brought high. The ALM 
can be tied dlrecUy to the i'Si' pin to power down the part when a thermal fault is detected and 
then raset with FO, F1. See 1l"uth Table on page 1. It is possible to Ignore transient thermal over-
load conditions In the SLiC by delaying the response to the i'Si' pin from the ArM. Care must be 
exercised In attempting this as continued thermal overstress may reduced component life. 

11 18 ILMT Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a re-
sistive voltage divider. 

12 19 OUT1 The analog output of the spare operational amplifier. 

13 20 -IN1 The inverting analog Input of the spare operational amplifier. 

14 22 TIP An analog Input connected to the TIP (more positive) side of the subscriber loop through a fead 
resistor and ring relay contact. Funcllons with the RING terminal to receive voice signals from 
the telephone and for loop monitoring purpose. 

15 24 RING An analog Input connected to the RING (more negative) side of the subScriber loop through a 
feed resistor. Funcllons with the TIP terminal to receive voice signals from the telephone and for 
loop monitoring purposes. 

16 25 RFS Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signal at this node Is Isolated from RF via the ring relay. For Tip Injected ringing, 
the RF and RFS pins must be Shorted. 

17 27 VAX Receive Input, Four Wire Side - A high Impedance analog Input. AC signals appearing at this 
Input drive the Tip Feed and Ring Fead amplifiers differentially. 

18 31 C2 Capacitor #2 - An external capacitor to be connected between this terminal and ground. It pre-
vents false ring trip detection from occurring when longitudinal currents are Induced onto the sub-
scriber loop from power lines and other noise sources. This capacitor should be nonpolarlzed. 
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HC-5509S 

Pin Descriptions (Continued) 

DIP/sOIC PLCC SYMBOL DESCRIPTION 

19 32 VTX Transmit Output, Four Wire Side - A low Impedance analog output which represents the differ-
ential voltage acroas liP and RING. Transhybrld balancing must be performed beyond this out-
put to completely Implement two to four wire COIlV8f8Ion. ThIs output Is referenced to analog 
ground. Since the D.C. level of this output varies with loop current, capacitiVe coupling to the next 
stage Is necessary. 

20 33 PRI A TTl compatible Input used to control PRo PRI actiVe High = PR actiVe low. 

21 34 PR An actiVe low open collector output. Can be used to drive a Polarity Reversal Relay. 

22 35 DG Digital Ground -To be connected to zero potanUai. Serves as a reference for all digital Inputs and 
outputs on the SLiC. 

23 36 RD Ring Relay Driver - An actiVe low open collector output. Used to drive a relay that sWItches ring-
ing signals onto the 2-Wire line. 

24 'Sf VFS Feedback Input to the Up feed amplifier; may be used In conjunction with transmit output signal 
and the spare op-amp to accommodate 2W line Impedance matching. 

25 38 TF2 lip Feed - A low Impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF tarmlnal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1. 

NA 39 TF1 lie direcUy to TF2 in the PLCC application. 

26 41 RF1 Ring Feed - A low Impedance analog output connectad to the RING terminal through a feed re-
slstor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and to sink longitudinal currents. Tie directiy to RF2. 

NA 42 RF2 lie directiy to RF1 In the PLCC application. 

27 43 VB- The battery voltage source. The most negatiVe supply. 

28 44 SG Battery Ground - To be connectad to zero potential. All loop current and some quiescent current 
flows Into this ground terminal. 

1.5.6,7. NC No Internal connection. 
14,15, 
16,21, 
23,26, 
28,29, 
30,40 

NOTE: 

4. All grounds (AG, BG, 00) must be applied before VB+ or Vs-. Failure to do so may result In premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 
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HC-55098 

Functional Diagram 
DIP OR SOIC 

sw 

TSD 
w 

~ a: 

i 
U 

15 
RING 

OK ~ 
;;! 

RFS· 16 

RFC 

RF 
26 

Die Characteristics 
Transistor Count .....••.•.•.•...•...•.......... 224 
Diode Count. ....•.............•.....•.....•.... 28 

The SLIC will withstand longitudinal currents up to a maxi
mum or 3OmArms. 15mArms per leg. without any perfor
mance degradation 

Die Dimensions ....•.•.•...•••.•........•. 174 x 120 
Substrate Potential ...••....••••.•..•..... Connected 
Process .............•....•.••....••...•. Bipolar-DI 
Thermal Constants (!,CIW) OJA OJC 

Ceramic DiP.................... 48 12 
Plastic DIP.. . . . . • . . • . • . • . . . . . . . • 51 21 
PLCC.......................... 47 17 
SOIC ...•...........•....••.•••. 72 22 

Overvoltage Protection and Longitudinal 
Current Protection 
The SLIC device. in conjunction with an external protection 
bridge; . will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

PARAMETER 

Longitudlnal 
Surge 

Metallic Surge 

T/GND 

RlGND 

50/60Hz Current 

T/GND 

RlGND 

8-122 

TABLE 1. 

TEST PERFORMANCE 
CONDITION (MAX) UNITS 

10llS Risel ±1000 (Plastic) VPEAK 

10001lS Fall ±500 (Ceramic) , VPEAK 

101JS Risel ±1000 (Plastic) VpEAK 

10001lS Fall ±500 (Ceramic) VPEAK 

10llS Risel ±1000 (Plastic) VPEAK 

10001lS Fall ±500 (Ceramic) VpEAK 

11 Cycles 700 (Plastic) VRMS 
Limited to 350 (Ceramic) VRMS 
10Arrns 



Functional Diagram (Continued) 
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Logic Diagram 
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HC-5509B 

Applications Diagram 

+5V 

+5V 

TIP o--..... --.... ;.;.... ..... --.W--t~----1 

~--...... --1TF2"· 

;=:;::=l-iRF2"· 

RF1** 

RFS 

RING o--.... ------1....;.;..;.:.:;:=:;;;:.:.;:.,~ ...... RINQ 

SUC 
HC-5509B 

RL2 
IUMIT t----t---Nl'---::L 

VRX+ "';"--+--+,--0 
VFB 

VTX 

-IN1 

: FROMPCM 
: FILTERICODER , , , , , , , , , , , , , , , , 

0UT1 , ______________ l TO HYBIRD 

BALANCE 
NETWORK 

FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOUTHIC SLiC 

TYPICAL COMPONENT VALUES 

C1 = 0.5J.LF, 30V 

C2 = 0.5J.LF-1.0J.LF ±1 0%, 20V (Should be nonpolarized) 

C3 = 0.01J.LF, 100V, ±20% 

C4 = 0.01J.LF, 100V, ±20% 

C5 = 0.01J.LF, 100V, ±20% 

CAe = 0.5J.LF, 20V 

KZo = 6Oko, (Zo = 6000, k = Scaling Factor = 100) 

RL 1, RL2; Current Limit Setting Resistors: 

RL 1 + RL2 > 9OkO -+ offset 

ILiMIT = (0.6) (RL 1 + RL2)/(200 x RL2), RL 1 typically 100kn 

KRF = 20ko, RF = 2(RB2 + RB4), K = Scaling Factor = 100) 

NOTES: 

RB1 = RB2 = RB3 = RB4 = 50n (1 % absolute, matching 
requirements covered in a Tech Brief) 

RS1 = RS2 = 1kn typically 

CS1 = CS2 = 0.1J.LF, 200V typically, depending on VRing and 
line length. 

Z1 = 150V to 200V transient protector. PTC used as ring 
generator ballast. 

• Secondary protection diode bridge recommended is 3A, 200V 
type. 

··TFt, TF2 and RFt, RF2 are on PLCC only and should be con
nected together as shown. 

1. All grounds (AG, 00, & 00) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 

2. Application shows Ring Injected Ringing, a Balanced or lip injected configuration may be used. 
Additional information is contained In Application Note 549, *The HC-550X Telephone SLlCs" By Geoff Phillips 
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Features 
• DI Monolithic High Vollage Process 
• COmpatIble with wortdwIde PBX and DLC Performance Requirements 
• Controlled Supply of BatIary Feed CUrrent WIth Programmable CUrrent 

Umlt 
• Operetes with 5V Positive Supply (V .... ) 
• Internal Ring Relay Driver and a Utility Relay Driver 
• High Impedance Mode for Subscriber Loop 
• High Tempereture Alarm Output 
• Low Power Consumption During Standby Functions 
• Switch Hook, Ground Key, and Ring Trip Detection 
• Selective Power Denial to SUbscriber 
• Voice Path ActIve During Power Denial 
• On Chip Op-Amp for 2 Wire Impedance Matching 

Applications 
• SoUd State Une Interface Circuit for PBX or DIgIIaI Loop carrier Systems 
• Hotel/Motei Switching Systems 
• Direct Inward Dialing (DID) Trunks 
• Voice Messaging PBX's 
• 2W/4W, 4W12W Hybrid 

Ordering Information 
PART TEMPERATURE 

NUMBER RANGE 

HC1-5524-5 O"C to +75"0 

HC1-5524-9 -4O"C to +85"0 

HC3-5524-5 O"C to +75"0 

HC3-5524-9 -4O"C to +85"0 

HC4P5524-5 O"C to +75"0 

HC4P5524-9 -4O"C to +85"0 

HC9P5524-5 O"C to +75"0 

HC9P5524-9 -40"C to +85"0 

Pinouts 
Hc-5524 (PDlP, CDIP, SOIC) 

TOP VIEW 

PACKAGE 

28 Lead Ceramic DIP 

28 Lead Ceramic DIP 

28 Lead Plastic DIP 

28 Lead Plastic DIP 

44 Lead PLCC 

44LeadPLCC 

28 Lead SOIC 

28 LeadSOIC 

TRUTH TABLE 

F1 FO Action 

HC-5524 
SLiC 

Subscriber Line Interface Circuit 

Description 
The HC-5524 telephone Subscriber Line Interlace Circuit 
Integrates most of the BORSCHT functions on a monolithic 
IC. The device Is manufactured in a Dielectric Isolation (01) 
process and Is designed for usa as a 24V Interface between 
the traditional telephone subscriber pair (Tip and Ring) and 
the low voltage filtering and codingfdecodlng functions of the 
line card. Together with a secondary protection diode bridge, 
the device will withstand 500V induced surges, in plastic 
packsges. The SLiC also maintains specified transmission 
performance In the presence of extemally Induced 
longItUdinal currents. The BORSCHT functions that the SUC 
provides are: 

• Battery Feed with Subscriber Loop Current LimHing 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides salectlve denial of power to 
SUbscriber loops, a programmable subscriber loop current 
limit from 20mA to 6OmA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated In the SLiC device. 

The HC-5524 SLiC Is Ideally suited for line card designs in 
PBX and DLC systems, replacing traditional transformer solu
tions. 

HC-5524 (PLCC) 
TOP VIEW 

~~uj!l~&l~~i~ 

/' 543 2: 1 ,44 43 42 41 40 '\ , , 
0 0 Normal Loop Feed :E 7 , , 31 ~ TFI ,x' 

I .-~ 31 TF2 

0 1 RDActive • 37 VF8 
AS 10 31 lIiS 

1 0 Power Down Latch iH6 II 35 DO 

RESET iRIS 12 34 lIIi 

1 0 Power on RESET 

1 1 Loop Power 
Denial ActIve 

Ti'f 13 33 PRJ 
NIC'~ ,14 ' 32 YTX 

NIC ~ IS 31 C2 

NIC ~ 1. ao NIC 
JIll, 1,7 21 NIC 

'- I. I. 20 21 22 23 24 25 21 27 21 
II II 

~~~~a.~i8!~"~ _§. r: , a: !I: 
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Specifications HC-5524 

Absolute Maximum Ratings (Note 1) 

Maximum Supply Voltages (Va+) ••.••••••••.••••. -0.5V to +7V 

Operating Conditions 
Operating Temperatura Range 

(Va+) - (Va-) ................. +4OV HC-5524-5 •••..••••••••.•.•.....••••.•. O"C S T ... S +75·C 
Relay Drive Voltage .••••••••••••..••••••••••• ..Q.5V to +15V 
Junction Temperature ••••.••••••...••.•••.•••.••.•• +175·C 
Junction Temperature (Plastic Package) ••••••••••••••• +15O"C 
lead Temperatura (Soldering 10 Sec.) ..•••.•...••.•.•. +3OO"C 

HC-5524-9 •.•..•.••.••.••.•••....•...• -4O"C S T ... S +85·C 
Storage Temperature Range •..••••.....•.• -6500 ST ... S +15O"C 
Relay Driver Voltage •••.••••.•.••.•••.•••.•.••. +5V to +12V 
Positive Power Supply (Va+) ....••.•.•••..••••.••.• +5V ± 5% 
Negative Power Supply (Va-) •.•.••••.•.•.•.•.•.• -20V to -28V 

CAUTION: Slt8sses aboIOI those listed In "Absolute Maximum RatingS" may cause permanent damage to the device. This is a s1t8ss only rating and operation 
of the dellice at these or any other conditions abOIIII those Indicated In the operational sections of this specification is not irr¢ied. 

Electrical Specifications 1YpicaI ParametersaraalT ... =+25"C, va+=+5v, Va-=-24V,JIG = DG = BG =ov. Min-Max ParametersaraC>.lar 
Operating PositIva and Negatilla Battery Voltages and C>.Iar!he Operating TernperaaJra Range. All Parameters ara 
Specified al6000 2-WIra Tenmatlng Impedarce, Unless 0IherwIse Specified. 

UMITS 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

AC TRANSMISSION PARAMETERS 

RX Input Impedance 300Hz to 3.4kHz (Note 2) - 100 - kG 

TX OUtput Impedance - - 20 0 

4W Input Overload Level 300Hz to 3.4kHz, 6000 Reference +1.0 - - VpEAK 

2W Return Loss Matched for 6000 (Note 2) 

SRLLO 26 35 - dB 

ERL 30 40 - dB 

SRLHI 30 40 - dB 

2W longitudinal to Metallic Balance Off Hook Per ANSIIlEEE STD 455-1976 (Note 2) , 58 63 - dB 
300Hz to 3400Hz 

4W Longitudinal Balance Off Hook Per ANSIIIEEE STD 455-1976 (Note 2) , 50 55 - dB 
300Hz to 3400Hz (Note 2) 

Low Frequency longitudinal Balance R.E.A. Test Circuit - -60 -67 dBmp 

IUNE = 4OmA, T ... = +25·C (Note 2) - 10 23 dBrnC 

Longitudinal Current Capability IUNE = 4OmA, T ... = +25·C (Note 2) - - 40 mArrns 

Insertion Loss 

2W/4W -1.56dBm at 1kHz, Referenced 6000 - ±0.05 t02 dB 

4W12W OdBm at 1 kHz, Referenced 6000 - ±0.05 ±0.2 dB 

4W/4W -1.56dBm at 1kHz, Referenced 6000 - - t02 dB 

Frequency Response 300Hz to 3400Hz (Note 2), Referenced to Ab- - ±0.02 ±0.06 dB 
solute Level at 1 kHz, OdBm Referenced 6000 

level linearity Referenced to -1OdBm (Note 2) 
2W to 4W and 4W to 2W 

+3to-4OdBm ±0.08 dB - -
-40 to -5OdBm - - ±0.12 dB 

-50 to -55dBm - - to.3 dB 

Absolute Delay (Note 2) 

2W/4W 300Hz to 3400Hz - - 1 lIS 

4W12W 300Hz to 3400Hz - - 1 lIS 

4W/4W 300Hz to 3400Hz - 0.95 1.5 lIS 

Total Harmonic Distortion Reference Level OdBm at 6000, 300Hz to - - -50 dB 
2W/4W. 4W12W, 4W/4W 3400Hz (Note 2) 
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Specifications HC-5524 

Electrical Specifications ~ ParamateIs 818 atTA = +25"C, vB+ = +5'1, va- = -24'1. AG = 00 = BG = eN. Mifl.Max ParamBters 818 Ollar 
()peId1g Po6III\Ie and NegaIIYB Battery VoIIages and Ollar 1hB OperatIng Temperature Range. AlI'IIrBmeIers 818 
SpeciIIed at eooo 2-wie Temi1aIing I~ Unless 0IherwIse Specified. (Continued) 

UMrrs 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

AC TRANSMISSION PARAMETERS (Continued) 

Idle Channel Noise (Note 2) 
2Wand4W 

C-Message 5 dBrnC - -
Psophornetrlc - - -85 dBmp 

3kHz Flat - - 16 dBrn 

Open LoopVoltage (VTIP - VRING) VB+ = +5V, Va- = -24V - 15.8 - V 

Power Supply Rejection Ratio (Note 2) 

Ve+ t02W 30Hz to 200Hz, 1\ = 600'1 20 40 - dB 

VB+to4W 20 40 - dB 

Va- to2W 20 40 - dB 

VB-t04W 20 50 - dB 

Ve+ to2W 200Hz to 16kHz, RL = 600'1 30 40 - dB 

VB+to 4W 20 28 - dB 

VB-to2W 20 50 - dB 

VB-t04W 20 50 - dB 

Ring Sync Pulse Width 50 - 500 lIS 

DC PARAMETERS 

Loop Current Programming 

UmitRange 20 40 60 rnA 

Accuracy 10 - - % 

Loop Current During Power Denial RL = 200'1 - ±4 ±7 rnA 

Fault Currents 

TIP to Ground - 30 - mA 

RING to Ground - 120 - rnA 

TIP and RING to Ground - 150 - rnA 

Switch Hook Detection Threshold - 12 15 rnA 

Ground Key Detection Threshold - 10 - mA 

Thermal ALM OUtput Sale Operating Die Temperature Exceeded 140 - 160 °C 

Ring Trip Detection Threshold VRiNG = 105VRMS, IRING = 20Hz - 10 - mA 

Ring Trip Detection Period - 100 150 ms 

Dial Pulse Distortion - 0.1 0.5 ms 

Relay DriVer Outputs 

On Voltage VOL IOL (PA) = 6OrnA, IOL (RD) = 30rnA - 0.2 0.5 V 

Off Leakage Current VOH = 13.2V - ±10 ±100 IIA 
TTLJCMOS Logic Inputs (FO, F1, RS, TST, PRI) 

Logic '(J VIL - - 0.8 V 

Logic '1' VIH 2.0 - 5.5 V 
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Specifications HC-5524 

Electrical Specifications Typical PanlmetersarellTA =+25"C, Va+= +5'1, VB" =-24V, N3 = 00 = BG=ov. MInoMaxParametarsareCNar 
Operating PosiINe and NegaIiYB Battery VoIIages and CNar Ihe Operating TernperaIUre RangB. AI Parameters are 
SpecIfied 116000 2-Wire Terninating IITCJII(Iance, Unless 0IherwIse Specified. (Continued) 

UMITS 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

DC PARAMETERS (Continued) 

Input Current (FO, Fl, RS, TST, PRI) OVSV1N S5V " " tl00 ItA 
Logic Outputs 

Logic '0' VOL ILOAD = 8001tA " 0.1 0.5 V 

Logic 'I' VOH ILOAD = 401tA 2.7 " " V 

Power DiSSipation On Hook Relay Drivers Off " 60 " mW 

IB+ VB+ = +5.25V, VB" = -28V, RlOOP = 00 " " 4 mA 

IB" VB+ = +5.25V, VB" = "28V, RlOOP = 00 -4 " " rnA 

IB+ Va+ = +5V, VB" = "24V, RlOOP = 6000 - 3 6 mA 

IB- VB+ = +5V, VB- = -24V, RlOOP = 6000 "28 "24 " mA 

UNCOMMITED OP AMP PARAMETERS 

Input Offset Voltage " t5 " mV 

Input Offset Current " tl0 " nA 

Differential Input Resistance (Note 2) " 1 " MO 

Output Voltage Swing Rl = 10k0 " t3 " Vp•p 

Small Signal GBW (Note 2) " 1 " MHz 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func

tional operability under any of these conditions is not necessarily implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at Intervals to assure product quality and spec
ification compliance. 

Pin Descriptions 

DIPI 
SOIC PLCC SYMBOL DESCRIPTION 

1 2 AG Analog Ground" To be connected to zero potential. Serves as a reference for the transmit output and 
receive input terminals. 

2 3 VB+ Positive Voltaga Source" Most Positive Supply. 

3 4 Cl Capacitor IICI " An external capaCitor to be connected between this terminal and analog ground. Re-
quired for proper operation of the loop current limiting function. 

4 8 Fl Function Address #1 "A TTL and CMOS compatible Input used with FO function address line to externally 
select logic functions. The three selectable functions are mutuany exclusive. See li"uth Table on front 
page. Fl should be toggled high after power Is applied. 

5 9 FO Function Address #0 " A TTL and CMOS compatible input used with Fl function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 
paga. 

6 10 RS Ring Synchronization Input" A TTL " compatible clock Input. The clock Is arranged such that a positive 
pulse (50" 5001lS) occurs on the zero crossing of the ring voltage source, as it appears at the RFS ter" 
mlnal. For TIp side Injected systems, the RS pulse should occur on the negative going zero crossing and 
for Ring injected systems, on the positive going zero crossing. This ensures that the ring delay activates 
and deactivates when the instantaneous ring voltage Is near zero. If synchronization is not required, the 
pin should be tied to +5. 
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HC-5524 

Pin Descriptions (Continued) 

DIPI 
SOIC PLCC SYMBOL DESCRIPTION 

7 11 SHD Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

8 12 GKi5 Ground Key Detection - An actlve low LS TTL compatible logic output. A line supervisory output. 

9 13 TST A TTL logic input. A low on this pin wlll~ a latch and keep the SLIC in a power down mode until the 
proper F1, FO state is set and will keep ALM low. See Truth Table on front page. 

10 17 ALM A LS TTL compatible actiVe low output which responds to the thermal detector circuit when a safe 
2I!!!..ratlng die temperature has been exceeded. When TST is forced low by an exter~trol signal, 
ALM is latched low until the proper F1, FO state and TST Input Is brought high. The ALM can be tied 
direcUy to the i'S'i' pin to power down the part when a thermal fault is detected and then reset with FO, 
F1. See 1i"uth Table on front page. It !!J!!ISsibie to ignC!!... transient thermal overload conditions in the 
SLIC by delaying the response to the TST pin from the ALM. Care must be exercised in attempting this 
as continued thermal overstress may reduce component life. 

11 18 ILMT Loop Current LImit - Voltage on this pin sets the short loop current Umiting conditions using a resistiVe 
voltage divider. 

12 19 OUT1 The analog output of the spare operational amplifier. 

13 20 -IN1 The Inverting analog input of the spare operational amplifier. 

14 22 TIP An analog Input connected to the TIP (more positive) side of the subscriber loop through a feed resistor 
and ring relay contact Functions with the RING terminal to receive voice signals from the telephone and 
for loop monitoring purposes. 

15 24 RING An analog input connected to the RING (more negatIVe) side of the subscriber loop through a feed resis-
tor. Functions with the TIP terminal to receive voice signals from the telephone and for loop monitoring 
purposes. 

16 25 RFS Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected ringing 
the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, the RF and RFS 
pins must be shorted. 

17 27 VAX Receive Input, Four Wire Side - A high impedance analog input AC Signals appearing at this input drive 
the Tip Feed and Ring Feed amplifiers differentlaUy. 

18 31 C2 Capacitor #2 - An external capacitor to be connected between this terminal and ground. It prevents felse 
ring trip detection from occurring when longitudinal currents are Induced onto the subscriber loop from 
power lines and other noise sources. This capacitor should be nonpolarized. 

19 32 VTX Transmit Output, Four Wire Side - A low impedance analog output which represents the differential volt-
age across TIP and RING. Transhybrid balancing must be performed beyond this output to completely 
implement two to four wire conversion. This output is referenced to analog ground. Since the DC level of 
this output varies with loop current, capacitive coupling to the next stage is necessary. 

20 33 PRI A TTL compatible Input used to control PRo PRI active High = PR active low. 

21 34 PR An actlve low open collector output Can be used to drive a Polarity Reversal Relay. 

22 35 DG Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and outputs 
on the SLIC. 

23 38 RD Ring Retay Driver - An active low open collector output Used to drive a relay that switches ringing signals 
onto the 2 wire line. 

24 37 VFB Feedback input to the tip feed amplifier; may be used In conjunction with transmit output signal and the 
(Note 2) spare op-arnp to accommodate 2W line impedance matching. (This is not used in the typical applications 

circuit). 

25 38 TF2 TIp Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. Func-
tions with the RF terminal to provide loop current, and to feed voice signals to the telephone set and to 
sink longitudinal currents. Must be tied to TF1. . 

NA 39 TF1 Tie directly to TF2 in the PLCC application. 

26 41 RF1 Ring Feed - A low impedance analog output connected to the RING terminal through a feed resistor. 
Functions with the TF terminal to provide loop current, feed volca signals to the telephone set, and to 
sink longitudinal currents. Tie directly to RF2. 
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HC-5524 

Pin Descriptions (Contlnued) 

DIPI 
SOIC PLCC SYMBOL DESCRIPTION 

NA 42 RF2 Tie diracUy to RFI in the PLCC application. 

'P 43 VB- The battery voltage source. The most negative supply. 

28 44 BG Battery Ground - To be connected to zero potential. All loop current and soma quiescent current flows 
into this ground terminal. 

1.5.6. NC No internal connection. 
7.14. 
15.16. 
21.,23~ 
26.28. 
29.30. 

40 

NOTES: 

, 1. All grounds (AG. BG. 00) must be applied before Ve+ or Ve-. Failure to do so may result in premature failure of the part. If a user wishes 
to run'separate grounds pff a line card. the AG must be applied first. 

, 2. Although not used in the typical applications Circuit. VFe may be used in matching complex 2-Wire impedances. 

Functional Diagram 
DIP OR SOIC 

~-----------------iSW 

~------------------~GK 

r------i----------------~~--_iRFC 

L... ___ ..I 10 I ALM I 
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Functional Diagram (Continued) 

NOTE: 

R = l08kn 6 7 14,15,16,21 
NC = 1, 5, 6' 28 29 30,40 23,2 I I I 

HC-5524 

PLCC 

-----, OK 
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Logic Diagram 

RS 

FO 

F1 

HC-5524 

TOBIAS 
~::::4=:t:::::::jr-----~ NFnNORK 

• • • • • • • • • . . . . 
t .......... _ ........ ____ .......... ____________ .. ______ .. ! 

Die Characteristics 
Transistor Count ........•..•...•.......••...... 224 
Diode Count. ....•..•........................... 28 

The SLiC will withstand longitudinal currents up to a maxi
mum or 40mArms. 20mArms per leg, without any perfor
mance degradation. 

Die Dimensions .••.•.•.•...........•.. 174 x 120 mils 
Substrate Potential .•.••.•..........••.•.. Connected 
Process ........•..•.••..•.....•..•..•..• Bipolar-DI 
Thermal Constants f'CIW) 8JA 8JC 

Ceramic DiP............ .......• 48 12 
Plastic DIP. . . . . . . . . . . . . . . . . . . . . . 51 21 
PLCC............ ........•...••. 47 17 
SOIC.......................... 72 22 

Overvoltage Protection and Longitudinal 
Current Protection 
The SLiC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T/GND 

RlGND 

50/60Hz Current 

T/GND 

RlGND 
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TABLE 1 

TEST PERFORMANCE 
CONDITION (MAX) UNITS 

10115 Risa/ ±1ooo (Plastic) VPEAK 

1000115 Fall ±5oo (Ceramic) VPEAK 

10115 RIsQl ±1oo0 (Plastic) VPEAK 

1000115 Fall ±500 (Ceramic) VPEAK 

1 OIlS RIsQl ±1ooo (Plastic) VPEAK 

1000115 Fall ±5oo (Ceramic) VPEAK 

11 Cycles 700 (Plastic) VRMS 

limited to 350 (Ceramic) V RMS 
10Arms 



HC-5524 

Applications Diagram 

..av 

!. ____________ J 

TO HYBIRD 
BALANCE 
NETWORK 

FIGURE 1. TYPICAL UNE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 

TYPICAL COMPONENT VALUES 

C1 = 0.5j.LF. 20V 
C2 = 0.5j.LF-1.Qj.LF ±1 0%, 20V (Should be nonpolarlzed) 

C3 = 0.01j.LF, 50V ±20% 

C4 = 0.01j.LF, SOV ±20% 

C5 = 0.01j.LF, SOV ±20% 

CAe = 0.5j.LF, 20V 
K(Zo - R.,J2) = 5Okn, (Zo .. 6000, K = Scaling Factor = 100) 
RL 1, RL2; Current Umit Setting Resistors 

RL 1 +RL2 > 90kn 
'UMIT = (.6) (RL1+RL2)1(200xRL2), RL1 typically 100kn 

KRF = 2OkO, RF = 2(RB1+RB2)' K = Scaling Factor = 100) 

NOTES: 

RB1 .. RB2 = 50n (1% absolute, matching requirements cov
ered in a Tech Brief) 
RS1 .. RS2 .. 11<0 typically 

CS1 = CS2 = 0.1j.LF, 200V typically, depending on V RIng and 
line length. 

Z1 .. 1SOV to 200V transient protector. PTe used as ring 
generator ballast. 
• Secondary protection diode bridge recommended is 3A, 200V 

type. 

•• TF1, TF2 and RF1, RF2 are on PLCC only and should be connect
ed together as shown. 

1. AI grounds (AG, BG, & 00) must be appAed before Vs+ or VB-. FaIlure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a One card, the N3 IlIJSt be applied first 

2. Application shows FUng Injected FUnglng, Balanced or TIp Injected configuraUOn may be used. 

Additional Information is contained In Application Note 549, "The HC-55OX Telephone SLiCs' By Geoff Phillips 
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Features 
• Single 5V Supply •••••••••••••••••••••• 10mA Typ. 

• Mode Selectable Coding Including: 
- AMI (T1, T1C) 
- BSZS (T1) 
- HDB3 (PCM30) 

• North American and European Compatibility 

• Simultaneous Encoding and Decoding 

• Asynchronous Operation 

• Loop Back Control 

• Transmission Error Detection 

• Alarm Indication Signal 

• Replaces MJ1440, MJ1471 and TCM2201 Transcoders 

Applications 
• North American and European PCM Transmission 

Lines where Pseudo Ternary Une Code Substitution 
Schemes are Desired 

• Any Equipment that Interfaces T1, T1C, T2 or PCM30 
Lines Including Multiplexers, Channel Service Units, 
(CSUs) Echo Cancellors, Digital Cross-Connects 
(DSXs), T1 Compressors, etc. 

Pinout 

FORCEAlS 1 

MODE SELECT 1 

NRZDATAIN 

CLKENC 4 

MODE SELECT 2 5 

NRZDATAOUT 6 

CLKDEC 7 

RESET AlS 8 

HC-5560 
(PDIP) 

TOP VIEW 

1 OUT2 

BIN 

LOOP TEST ENABLE 

1 "'N 
1 CLOCK 

HC-5560 
PCM Transcoder 

Description 
The HC-5560 digital line transcoder provides encoding and 
decoding of pseudo ternary line code substitution schemes. 
Unlike other industry standard transcoders, the HC-5560 
provides four worldwide compatible mode selectable code 
substitution schemes, including HDB3 (High Density Bipolar 
3), B6ZS, B6ZS (Bipolar with 6 or 8 Zero Substitution) and 
AMI (Alternate Mark Inversion). 

The HC-5560 is fabricated in CMOS and operates from a 
Single 5V supply. All inputs and outputs are TTL compatible. 

Application Note #573, "The HC·5560 Digital Line 
Transcoder," by D.J. Donovan is available. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HC3-5560-5 O"C to + 7O"C 20 Lead Plastic DIP 

Functional Diagram 

MODE 1 oVDO 
SELECT 2 ovss 

NRZ DATA IN 
CLKENC CLOCK 

ElI OUT1 

OUT 2 

NRZDATA 
OUT 

"'N 
BtN 

FORCEAlS-
Jmm-

CLKDEC ERROR 

RESET AlS AlS 

CAUTION: These devices are sensRive to electrostatic discharge. Users should Iollow proper I.C. Handling Procedures. File Number 2887.1 
Copyright @ Harris Corporation t 993 
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SpeclflCBtlons HC-5560 

Absolute Maximum Ratings Operating Conditions 
Voltage at Any Pin .................. GND -0.3V to Voo + 0.3V Operating Temperature Range .................. O"C to +70"C 
Maximum Voo Voltage .•.••••••.•••••••..•••••••••••• +7.0V Storage Temperature Range •••••.•••..•••••.• -65"0 to +15O"C 
Junction Temperature .............................. +1750 C OperatlngVoo ................................... 5Vt5% 
Junction Temperature (Plastic Package) .•••.•.•••.•••• +15O"C 
Lead Temperature (Soldering 1 0 Sec.) ........•..•..... +300"C 

CAUTION: Stresses abOI'8 thD5s listed in "Absoluts Maximum Ratings" may cause ptII'IIIanent damage to the~. This is a sl!fJsa only fBtJng and opet8tion 
of the dellfce at thess or any other conditions abo .. those/ndicatsd In the opet8tional ssctions of this speciHcation is not impOet/. 

Static Electrical Specifications Unless Otherwise Speclfled. '!ypicaJ parameters at +2500. Min-Max parameters are over operat
Ing temperature range. Voo = +5V. 

PARAMETERS SYMBOL MIN TYP MAX UNITS 

Quiescent Device Current 100 100 jiA 

Operating Device Current 10 rnA 

Out 1. Out 2 Low (Sink) Current lOLl 3.2 mA 
(VOL = OAV) 

All Other Outputs low (Sink) Current 101.2 2 rnA 
(VOL =O.BV) 

All Outputs High (Source) Current 10H 2 rnA 
(VOH =4.0V) 

Input low Current IlL 10 jiA 

Input High Current IIH 10 jiA 

Input Low Voltage VIL O.B V 

Input High Voltege VIH 2.4 V 

Input Capacitance CIN 8 pF 

Dynamic Electrical Specifications Unless Otherwise Specified. 'l\'plcaJ parameters at +250C. Min-Max parameters are over 
operating temperature range. Voo = 5V. 

PARAMETERS SYMBOL FIGURE MIN TYP MAX UNITS 

ClK ENC. ClK DEC Input Frequency fCL 8.5 MHz 

CLK ENC.CLK DEC Rise Time (1.544 MHz) ~ 1.2 10 60 ns 

Fall Time ~L 1.2 10 60 ns 

Rise Time (2.048 MHz) ~ 1.2 10 40 ns 

Fall Time tFCL 1.2 10 40 ns 

Rise Time (6.3212 MHz) ~CL 1.2 10 30 ns 

Fall Time tFCL 1.2 10 30 ns 

Rise Time (B.448 MHz) tRCL 1.2 5 10 ns 

FaJlTIme ~L 1.2 5 10 ns 

NRZ-Data In to ClK ENC Data Setup Time ts 1 20 ns 

Data Hold Time t.! 1 20 ns 
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Specifications HC-5S60 

Dynamic Electrical Specifications Unless Otherwise Specified, 1YPlcai parameters at +250C, Min-Max parameters are over 
operating temperature range. Voo = 5V. (Continued) 

PARAMETERS SYMBOL FIGURE MIN TYP MAX UNITS 

AIN, BIN to ClK DEC Data Setup Time ts 2 15 ns 

Dais Hold Time ~ 2 5 ns 

ClK ENC to Out 1, Out 2 too 1 23 80 ns 

OUt 1, Out 2 Pulse Width (ClK ENC Duty Cycle = 50%) 

fCl = 1.544 MHz tw 1 324 ns 

fCl = 2.048 MHz tw 1 224 ns 

fCl = 6.3212 MHz tw 1 79 ns 

fCl = 8.448 MHz tw 1 58 ns 

ClK DEC to NRZ-Dals Out too 2 25 54 ns 

Setup Time ClK DEC to Reset AIS t52 3 35 ns 

Hold Time of Reset AIS = '0' ~ 3 20 ns 

Setup Time Reset AlS = '1' to ClK DEC t52 3 0 ns 

Reset AIS to AIS output tP05 3 42 ns 

CLK DEC to Error output \pI)4 3 82 ns 

Pin Description 

PIN NUMBER FUNCTION DESCRIPnON 

1 Force AIS Pin 19 must be at logic '0' to enable this pin. A logic '1' on this pin forces Out 1 and Out 2 to aU 
ones. A logic '0' on this pin allows normal operation. 

2,5 Mode Select 1, MS1 MS2 fi,ndionsas 

Mode Select 2 0 0 AMI 
0 1 BSZS 
1 0 B6ZS 
1 1 HDB3 

3 NRZDataln Input dais to be ancoded Into temary form. The dais is clocked by the negative going edge of ClK 
ENC. 

4 ClKENC Clock encoder, clock for encoding dais at NRZ Oats In. 

6 NRZ Dais Out D8coded dais from ternary Inputs AIN and BIN. 

7 ClKDEC Clock decoder, clock for decoding ternary dais on inputs AIN and BtH. 

8,9 Reset AIS, AIS logic '0' on Reset AIS resets a decoded zero counter ~ resets AIS output to zero provided 
3 or more zeros have been decoded In the preceding Reset AIS period or sets AIS ~ than 
3 zeros have been decoded in the preceding two Reset AlS periods. A period of Reset AlS is de-
fined from the bit following the bit during which R8S8iAiS makes a high to low transition to the bit 
during which RiiSiiiAiS makes the next high to low transition. 

10 Vss Ground reference. 
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Pin Description 

PIN NUMBER FUNCTION DESCRIPTION 

11 Error A logic '1' indicates that a violation of the line coding scheme has been decoded. 

12 Clock "OR" function of AIN and BIN for clock regeneration when pin 14 Is at logic '0', "OR" function of Out 
1 and Out 2 when pin 141s at logic '1'. 

13,15 AIN,BIN Inputs representing the receiVed PCM signal. ~N = 'I' represents a positive going 'I' and ~N = 'I' 
, represents a negative going '1'. AIN and BIN are sampled by the positive going edge of CLK DEC. 

AIN and BIN may be Interchanged. 

14 LTE Loop Test Enable, this pin selects between normal and loop back operation. A logic '0' selects nor-
mal operation where encode and decode are independent and asynchronous. A logic '1' selects a 
loop back condition where Out 1 is Internally connected to ~N and Out 2 Is internally connected to 
BIN' A decode clock must be supplied. 

16,17 Outl,Out2 Outputs representing the ternary encoded NRZ Data In signal for line transmission. Out 1 and Out 
2 are In return to zero form and are clocked out on the positive going edge of CLK ENC. The length 
of Out 1 and Out 2 Is set by the length of the positive clock pulse. 

18 Reset A logic '0' on this pin resets all internal registers to zero. A logic '1' allows normal operation of all 
Internal registers. 

19 Output Enable A logic '1' on this pin forces outputs Out 1 and Out 2 to zero. A logic '0' allows normal operation. 

20 VDD Power to chip. 

Functional Description 
The HC-5560 TRANSCODER can be divided into six sec
tions: transmission (coding), reception (decoding), error 
detection, all ones detection, testing functions, and output 
controls. 

The transmitter codes a non-return to zero (NRZ) binary uni
polar input signal (NRZ Data In) into two binary unipolar 
return to zero (Al) output Signals (Out 1, Out 2). These out
put signals represent the NRl data stream modified accord
ing to the selected encoding scheme (i.e.,AMI, B8lS, B6lS, 
HDB3) and are externally mixed together (usually via a tran
sistor or transformer network) to create a ternary bipolar sig
nal for driving transmission lines. 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two 
binary unipolar return to zero signals (AIN and BIN)' These 
signals are decoded, according to the rules of the selected 
line code into one binary unipolar NRl output signal (NRz 
Data Out). 

The encoder and decoder sections of the chip perform inde
pendently (excluding loopback condition) and may operate 
simultaneously. 

The Error output signal is active high for one cycle of ClK 
DEC upon the detection of any bipolar violation in the 
received AIN and BIN signals that is not part of the selected 
line coding scheme. The bipolar violation is not removed, 
however, and shows up as a pulse in the NRZ Data Out sig
nal. In addition, the Error output signal monitors the received 
AIN and BIN signals for a string of zeros that violates the 

maximum consecutive zeros allowed for the selected line 
coding scheme (i.e., 15 for AMI, 8 for B8lS, 6 for B6lS, and 
4 for HDB3). In the event that an excessive amount of zeros 
is detected, the Error output signal will be active high for one 
cycle of ClK DEC during the zero that exceeds the maxi
mum number. In the case that a high level should simulta
neously appear on both received input signals AIN and BIN a 
logical one is assumed and appears on the NRl Data Out 
stream with the Error output active. 

An input signal received at inputs AIN and BIN that consists 
of all ones (or marks) is detected and signaled by a high 
level at the Alarm Indication Signal (AlS) output. This is also 
known as Blue Code. The AIS output is set to a high level 
when less than three zeros are received during one period of 
Reset AlS immediately followed by another period of Reset 
AIS containing less than three zeros. The AIS output is reset 
to a low level upon the first period of Reset AlS containing 3 
or more zeros. 

A logic high level on lTE enables a loopback condition 
where Out 1 is internally connected to AIN and Out 2 is inter
nally connected to BIN (this disables inputs AIN and BIN to 
external signals). In this condition, NRZ Data In appears at 
NRl Data Out (delayed by the amount of clock cycles it 
takes to encode and decode the selected line code). A 
decode clock must be supplied for this operation. 

The output controls are Output Enable and Force AlS. These 
pins allow normal operation, force Out 1 and Out 2 to zero, 
or force Out 1 and Out 2 to output all ones (AIS condition). 
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Die Characteristics 

Transistor Count ....•..........•.............. 4322 
Die Dimensions. . . . . . . . . . . . . . . . . • . • • .. 119 x 133 mils 
Substrate Potential .............................. +V 
Process ............................... SAJI CMOS 
Thermal Constants (OCIW) 9JA 9JC 

Plastic DIP. . . . . . . . . . . . . . . . . . . . . . 67 25 

Line Code Descriptions 

AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544 MHz) and T1C (3.152 MHz) carriers. 
Zeros are coded as the absence of a pulse and ones are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. To 
simplify timing recovery, logic 1 's are encoded with 50% duty 
cycle pulses. 

e.g. 
PCM CODE 0 0 0 1 0 1 1 1 0 1 0 0 0 0 0 1 

AMICOOE 

To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1 'so is required. Using AMI, there is a possibility of long 
strings of zeros and the required density may not always 
exist, leading to timing jitter and therefore higher error rates. 

A method for insuring minimum logic 1 density by substituting 
bipolar code in place of strings of O's is called BNZS or Bipolar 
with N Zero Substitution. B6ZS is used commonly in North 
American T2 (6.3212 MHz) carriers. For every string of 6 
zeros, bipolar code is substituted according to the following 
rule: 

If the immediate preceding pulse is of (-) polarity, then 
code each group of 6 zeros as 0+- 0+-, and if the 
immediate preceding pulse is of (+) polarity, code each 
group of 6 zeros as 0+- 0-+. 

One can see the consecutive logic 1 pulses of the same 
polarity violate the AMI coding scheme. 

e.g. 

PCMCOOE 

B6ZS(-) 

B6ZS(+) 

8 

000101110000001 

0-+0+-

v 

0+-0-+ 

v 
V=VlOLATION 

B8ZS is used commonly in North American T1 (1.544 MHz) 
and T1C (3.152 MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following rules: 

1. If the immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as OOQ-+ O+-. 

2. If the immediate preceding pulse is of (+) polarity then 
code each group of 8 zeros as 000+-0-+. 

e.g. 
8 

PCMCOOE 10100000000110 

B8ZS(-) 

000+-0-+ 

B8ZS(+) 

V.VlOLATION 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error monitor
ing capability. 

Another coding scheme is HDB3, high density bipolar 3, used 
primarily in Europe for 2.048 MHz and 8.448 MHz carriers. 
This code is similar to BNZS in that it SUbstitutes bipolar code 
for 4 consecutive zeros according to the following rule: 

1. If the polarity of the immediate preceding pulse is (-) 
and there have been an odd (even) number of logic 1 
pulses since the last substitution, each group of 4 con
secutive zeros is coded as 000-(+00+). 

2. If the polarity of the immediate preceding pulse is (+) 
then the SUbstitution is 000+(-00-) for odd (even) num
ber of logic 1 pulses since the last substitution. 

e.g. 
4 4 . . 

PCMCOOE 0000101110000001 

HOB3(-) 

HOB3(+) 

V.VlOLATION 

The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are pro
duced only in the fourth bit location of the substitution code 
and that successive substitutions produce alternate polarity 
violations. 
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Application Diagram 
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Timing Waveforms 

HC-5S60 

...L 
~-------~l------~~ 

NRZ DATA IN 

tDDt ------------ _50% tw SO; 1:-OUT 1, OUT 2 --l 
FIGURE 1. TRANSMITTER (CODER) TIMING WAVEFORMS 

tFCl 
CLKDEC 

...L 
~--- fCl -----l~ 

CLOCK----

NRZ DATA OUT _____ ...J \ .... _-
FIGURE 2. RECEIVER (DECODER) TIMING WAVEFORMS 

CLK DEC ----1 

AlSOUTPUT 

tpc. ; 
I 
I 

ERROR OUTPUT ----~~r-5-0%-------

FIGURE 3. RESET AIS INPUT, AIS OUTPUT, ERROR OUTPUT 
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Timing Waveforms (Continued) 

CLKDEC 

RESETAiS 
NRZ DATA OUT 

AI$ 

HC-5560 

FIGURE 4. 

Two consecutive periods of Reset AIS, each containing less than three zeros, sets AIS to a logic 
'1' and remains in a logic '1' state until a period of Reset AIS contains three or more zeros 

CLKDEC 

RESETAIS 11 
NRZ DATA OUT 

AlS 

u u u u 

FIGURE 5. 

Zeros which occur during a high to low transition of Reset AIS are counted with the zeros that occurred before 
the high to low translllon. 

NRZDATAIN 

CLKENC 

: 

L 

I n OUT1 I 

I 

~ ______ ~r1~ ____________________ __ 
AMI 

HD83 

BGZS 

BIZS 

I 

OUT 2 h n 
I 

: , , n OUTt : 
; n rs1 rs1 , n n 

OUT 2 , rs1 r;t rst...... 
: , 

OUT 1 h n r.L..Is1 , , , n , 
oun , ~ r.L...r , 

: , 
OUTt t'1 n r.L..JsL.. , : , 

I , n , , 
OUT 2 I n r;1 

, 
:- a If.! CYCLES -: , , 
I , ' 
~~ 5112CYCLES~: 

FIGURE 6. ENCODE TIMING AND DELAY 

Data Is clocked on the negative edge of CLK ENC and appears on Out 1 and Out 2. Out 1 and Out 2 are 
Interchangeable. Bipolar violations and all other pulses Inserted by the line coding scheme to encode 
strings of zeros are labeled with an "S". 
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HC-5560 

Timing Waveforms (COntinued) 

CLKDEC 

AMI Au. 
BIN 

NRZDATAOUT 

HOB3 Au. 
BIN 

NRZ DATA OUT 

B6ZS Au. 
BIN 

NRZ DATA OUT 

BIZS -'IN 

~ 

NRZ DATA OUT 
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, , , 
-: 

FIGURE 7. DECODE TIMING AND DELAY 

Data that appears on AtN and BIN Is clocked by the positive edge of ClK DEC, decoded. and zeros are In
serted for aI/ valid line code substitutions. The data then appears In non·return to zero to zero form at output 
NRZ Data OUt AtN and 8jN are Interchangeable. 

CLKOEC 

NRZDATA 
OUT 

ERROR 

________________________ ~r1~ ____ ~r__1~ ____ __ 

FIGURES. 

The ERROR signal Indicates bipolar Violations that are not part of a valid substitution. 
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Features 

• All Digital 

• Requires Few External Parts 

• Low Power Drsln: 1.5mW from Single 3V-6V Supply 

• Time Constants Determined by Clock FrsquencYj No 
Calibration or Drift Problemsj Automatic Offset 
Adjustment 

• Filter Reset by Digital Control 

• Automatic Overload Recovery 

• Automatic "Quiet" Pattern Generstlon 

Applications 

• Voice Decoder for Digital Systems and Speech 
Syntheses 

• Volcemall 

• Audio Manlpuletlons; Delay Lines, Echo Generation! 
Suppression, Special Effects, etc. 

• PagerslSatellites 

HC-55536 

Description 

Continuous Variable Slope 
Delta-Demodulator (CVSD) 

The HC-55536 is a CMOS integrated circuit used to convert 
serial NRZ digital data to an analog (voice) signal. Conver
sion is by delta demodulation. using the Continuously 
Variable Slope (CVSD) method of demodulation. 

While signals are compatible with other CVSD circuits. the 
internal design is unique. The analog loop filters have been 
replaced by digital filters which use very low power and 
require no external timing components. This digital approach 
allows inclusion of many desirable features. which otherwise 
would be difficult to implement. The device is usable from 
9Kbits/sec to above 64kbits/sec. and may be easily 
configured with the HC-55564 CVSD for a complete 
transmiVreceive voice channel. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

HCI-55536-5 OOC to +75"C 14 Lead Ceramic DIP 

HCI-55536-9 -4O"C to +85°C 14 Lead Ceramic DIP 

HC3-55536-5 OOC to +75"C 14 Lead Plastic DIP 

HC3-55536-9 -400c to +85"C 14 Lead Plastic DIP 

Pinout Functional Diagram 
HC-55536 

(pDtP. CDlP) 
TOP VIEW 

2 DIGITAL INPUT 

8 DIGITAL GND 

.J13) (12) 
",FbR ...... C ... E ZE-R,,15 DIGITAL IN 

Aour 
(3) 

1 
CLOCK 

(8) 

SYLLABIC 
DIGITAL 
RLTER 

4.0rnaeo 

10 BIT 
DAC 

10 

8 DIGITAL 8 
MODULATOR 

+1 

SIGNAL 
ESTIMATE 

DIGITAL RLTER 
1.0rnaeo 

VDD DIGITAL GND 
(1) (a) 

CAUTION: These devices are sensHIve 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2888.1 
Copyright @Harris Corporation 1993 
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Absolute Maximum Ratings 

Specifications HC-55536 

Operating Conditions 
Operating Temperature Range Voltage at Any Pin •••••••••••••••••• GND -O.3V to VDD +O.3V 

Maximum Voo Voltage ••••••••••••••••••••••••••••••• +7.0V 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + 175°C 
Junction Temperature (PlasUc Package) ••••••••••••••• +150oC 
Lead Temperature (Soldering 10 Sec.) .•.•••••••.•••••• +3OO"C 

HC-55536-5 •••••••••••.•••••••.••••••••••• O"C to +750C 
HC-55536-9 •••••••••••••••••••.•••••••••• -40"C to +85°C 

Storage Temperature Range ••••••••••••••• -6500 S TA S +150oC 
Operating Voo Range •••••••••••••.•••••••••• +3.0V to +6.0V 

CAUTION: Stresses abol/8 thoss listsd In "AbsolufB Maximum Ratings" may cause permatl8n/ damage to the device. This is • streas only I8tlng and op8l8tion 
of the device at /hess or any other conditkHJs abol/8 those Indicatsd in the opal8tionaJ sections of this spac/ficatlon is not ImpHad. 

Electrical Specifications voo = +5.0V; Bit Rate = 16K BitsIsec; Typical Parameters are at +250C. Min-Max parameters are over 
Operating Tempereture, Unless Otherwise Specified. 

LIMITS 

PARAMETERS SYMBOL MIN TYP MAX UNITS NOTES 

Clock Sampling Rate ClK 9 16 64 Kbps 1 

Clock Duty Cycle 100 30 70 0/0 

Supply Current VOH 0.3 1.5 rnA 

Logic "I" Input V1H 3.5 4.5 V 2 

logic "0- Input V1L 1.5 V 2 

Audio Output Voltage AoUT 0.5 1.2 VRMS 3 

Audio Output Impedance loUT 150 kn 4 

Syllabic Filter 11rne Constant tSF 4.0 ms 5 

Signal Estimate Filter 11me Constant IsE 1.0 ms 5 

Step Size Ratio SSR 24 dB 6 

Minimum Step Size MSS 0.1 O/OVoo 7 

SignallNoise Ratio SNR 25 dB 8 

Quieting Pattern Amplitude VQP 10 mVp'p 9 

Clamping Threshold VArH 0.75 F.S. 10 

NOTES: 

1. There Is one NRZ data bit per clock period. Clock must be phased with digital data such that a positive clock transition occurs In the middle 
of each received data bit. Clock may be run at greater than 64kbps or less than 9kbps. 

2. logic inputs are CMOS compatible at supply voltage and are diode protected. Digital data Input Is NRZ at clock rate and changes with 
negative clock transitions. . 

3. This output includes a DC bias of Vorf2; therefore, an AC coupling capacitor is required unless the output filter also Includes this bias. 

4. Presents approximately 150kn in series with recovered audio voltage. Zero-signaJ reference is Vorf2. 
5. Note that filter time constants are Inversely proportional to clock rate. Both fiHers approximate single pole responses. 

6. Step size compression retio of the syllabic filter is defined as the ratio of the filter output, with an equal 1-0 bit density input to the filter, to 
Its minimum output. 

7. The minimum audio output voltage thaI can be produced by the internal DAC. 

8. Input signal encoded I.2V RMS 250Hz sinusold. 

9. The "quieting" pattern or Idle-channel audio output steps at '/2 the bit rate, changing state on negative clock tr8(lsitions. 

10. The recovered signal will be clamped, and the computation will be inhibited, when the recovered signal reaches three-quarters of full
seale value, and will unclarnp when It falls belOW this value (positive or negative). 
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Specifications HC-55536 

Pin Description 

PIN 
NUMBER SYMBOL DESCRIPTION 

1 Voo Positive supply voltage. 

2 NC No internal connection is made to this pin. 

3 Audio OUt Recovered audio out. Presenta approximately 1501<0 source with DC offset of VorI2. Should be ex-
ternally N:; coupled. 

4,5,6,7 NC No internal connection is made to these pins. 

S DigitalGND Logic Ground. 

9 Clock Sampling rote clock must be synchronized with the digital Input data such that the data is valid at the 
positive clock transition. 

10,11 NC No internal connection is made to these pins. 

12 Digitalin Input for the received serial NRZ digital data. 

13 FZ Active low logic input. Activating this Input resets the Internal logic and forces the recovered audio 
output Into the "quieting" condition. 

14 NC No internal connection is made to this pin. 

NOTE: No active Input should be left in a "Hoating condition". 

Ole Characteristic 
OdB odBIJ 

OdB IN • 1.2VRMS 
Transistor Count •••.••..••.•.•..••••••••••.••• 1790 iii Voo-+liV 

Die Dimensions •..•••••••.•.•.••••••••• 147 x 82 mils :!. -IdB -IdBIN ~ ...I 

Substrate Potential •••••.••.•.•....•.•••••.•••• +Voo w 
-12dB -12dB IN .......... 

~ Process ...•••••.••••••••.•••.••••••.•.••. BiMOSE 
;;i -18dB -18dBIN ............ 

Thermal Constants (OCIW) 9JA 9JC Z -24dB -24dBIN ~ 
Ceramic DIP •...•..••••••••.•••• 70 20 52 

II) -30dB -3OdB IN ~ Plastic DIP .•.•••.••.••••••.••.•• 85 - .... 
::» ...., 
S -36dB -38dBN 

Figure 1 Illustrates the frequency response of the HC-55536 
for varying input levels. To prevent slope overload (slew rate 

0 

limiting) do not exceed the OdB boundary. The frequency 
response is directly proportional to the sampling rate. The 100 200 300 500 8001000 2000 3000 
output levels were measured after filtering. FREQUENCY (Hz) x SAMPUNG RATE (kbfs) 

1Skbf. 

FIGURE 1. TRANSFER FUNCTION FOR CVSO AT 16kbps 

Timing Waveforms 
CVSD TIMING DIAGRAM 

SAMPUNG rL~ CLOCK 

FZ J 

DIGITALIN I 1 0 1 

Ios-\ I- ---los 

los: DATA SET UP TIME 100.,. TYPICAL 
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, Features 

• All Dlglt!i1 

• Requires Few External PaI1S, ' 

• LoW Pow~r Drain: 1.SmW TYPICal From Single 3V • 
6V Supply" ' , 

• Tlrne Constants Determined by Clock, Frequency; 
, No CallbraUonor Drift problems: Automatic Offset 

AdJustment ' 

, ... Half DuplexOperatlol'! Under Digital Control 

• Filter, Reset Under Digital Control 

'. Autornatl¢ Overload RecOvery 

• AUt,OinatIC "Quiet", Pattern Generation 

• AGC Control Signal Available , 

Applications' 
" • 'voice Transmission Over D,ata Channels (Modems) 

- VolCeJoata; Multiplexing (Pair Gain) 

• Voice Encryption/Scrambling 

~\iolcemall '. , 

, ,'" Al,ldlo Manlp\!l8uons: Delay Unes, Tlma Compres
ston,' Ecllo ,Gen,ratlOn/Suppresslon, Special 
Effects,'etc." 

• ,PIi!gerslSstellites " 

• Data AcqulSJtlonSystai'llS 

• Voice 1I0,tcirDlgitai Systems and Speech Synthesis 
Requiring Small Size, Low Weight, and Ease of 
Repro~rammabillty 

Pinouts 

ANALOGGND 2 

HC-SS564 
(PDlP, corp) 
TOPvrEW 

4 DlGOUT 

1 AlIT 

o ENCIDEC 

HC-55564 
Continuously Variable 

Slope Delta-Modulator (CVSD) 

Description 
The HC-55564 is a half duplex modulator/demodulator CMOS 
intergrated circuit used to convert voice signals into serial NRZ 
digital data and to reconvert that data into voice. The conver
sion is by delta-modulation. using the Continuously Variable 
Slope (CVSD) method of modulation/demodulation. 

While the signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been 
replaced by very low power digital filters which require no exter
nal timing components. This approach allows inclusion of many 
desirable features which would be diffICult to implement using 
other approaches. 

The fundamental advantages of delta-modulation, along with its 
simplicity and serial data format, provide an efficient (low data 
rate/low memory requirements) method for voice digitization. 

The HC-55564 is usable from 9k bits/sec to above 64kbps. See 
the Harris Military databook for a Mil-Std-883C compliant 
CVSD. Application Notes 607 and 576 are available. 

Ordering Information 

PART 
NUMBER 

HCI-55564-2 

HCI-55564-5 

HCI-55564-9 

HC3-55564-5 

HC3-55564-9 

HC9-55564-5 

HC9-55564-9 

TEMPERATURE 
RANGE PACKAGE 

-55"C 10 + 125°C 14 Lead Ceramic DIP 

O"C to +75"C 14 Lead Ceramic DIP 

-40"C to +85°C 14 Lead Ceramic DIP 

O"C to +75"C 14 Lead Plastic DIP 

-40"C to +85°C 14 Lead Plastic DIP 

O"C to +75"C 16 Lead Wide Body SOIC 

-40"C to +85°C 16 Lead Wide Body SOIC 

HC-55564 
(300 mil SOIC) 

TOP VIEW 

VDD 1 

ANALOGGND 2 

CAUTION: These devices, are ISensniWlto eJeclrostatic discharge, Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris COrporation 1993 

File Number 2889.1 
8-147 



Specifications HC-55564 

Absolute Maximum Ratings 
Voltage at Any Pin ••••••••••••••••••• GND -O.3V to Voo +O.3V 
Maximum Voo Voltage ••••••••••••••••••.•••••••••••• +7.0V 
Junction Temperature •••••••••••••.•••••••••••••••• + 175°C 
Junction Temperature (Plastic Package) ••••••••••.•.•• +15O"C 
Lead Temperature (Soldering 10 Sec.) .•.••.•.•••.•••.. +3OO"C 

Operating Conditions 
Operating Temperature Range 

HC-55564-5, -7 •••••••••••••••••••••••••••• O"C to +750C 
HC-55564-9 •••••••••••••••••••••••.•.••.• -40"C to +85oC 
HC-55564-2 •••••••••••••••••••••••.••••. -55"C to + 125°C 

Storage Temperature Range .•••••.••...•.•••• -65"0 to + 15O"C 
Operating Voo •••••••••••••••••••••••••••••• +3.0V to +6.0V 

CAUTION: SInJsseB abo .. /hose listed In "Abso/u/8 Maximum Ratings" may cause permanent damage to the device. This is a stress only fBtlng and operation 
of the device at tIrese or any other conditions aboI'8 those Indicated In the opefBtional HC/ions of this specification is not impli6d. 

Electrical Specifications Unless Otherwise Specified, typical parameters are at +25"0, Min-Max are over oparating temperature 
ranges. Voo = +5.0V, Sampling Rate = 16Kbps, N3 = DG = OV, AIN = 1.2Vrms. 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

CLK Sampling Rate 9 16 64 kbps Note 1 

100 Supply Current - 0.3 1.5 rnA 

V1H Logic '1' Input 3.5 - - V Note 2 

V1L logic '(y Input - - 1.5 V Note 2 

VOH Logic '1' OUtput 4.0 - - V Note 3 

VOL Logic '0' Output - - 0.4 V Note 3 

Clock Duty Cycle 30 - 70 % 

~N Audio Input Voltage - 0.5 1.2 VRMS AC Coupled. Note 4 

AoUT Audio Output Voltage - 0.5 1.2 VAMS AC Coupled. Note 5 

ZIN Audio Input Impedance - 280 - kO Note 6 

ZoUT Audio Output Impedance - 150 - kO Note 6 

Ae-o Transfer Galn -2.0 - +2.0 dB No Load, Audio In to Audio OUt. 

tSF Syllabic Filter llme Constant - 4.0 - ms Note 7 

tse Signal EstImate FHter llme 1.0 - - ms Note 7 
Constent 

RES Resolution - 6 - mVp AIN at 100Hz. Note 8 

MSS Minimum Step Size - 0.1 - %Voo Note 9 

Vop Quieting Pattem Amplitude - 10 - mVp.p FZ = OV or APT = OV. Note 10 

VAlli AGC Threshold - 0.1 - F.S. Note 11 

VCTH Clamping Threshold - 0.75 - F.S. Note 12 

NOTES: 

1. There is one NRZ (Non-Return Zero) data bit per clock period. Data is clocked out on the negative clock edge. Data Is clocked into the 
CVSD on the positive going edge (see Figure 2). Clock may be run at less than 9kbps and greater than 64kbps. 

2. Logic Inputs are CMOS compatible at supply voltage and are diode protected. Digital data input is NRZ at clock rate. 
3. Logic outputs are CMOS compatible at supply voltage and will withstand short-Circuits to Voo or ground. Digital data output is NRZ and 

changes with negative clock transitions. Each output will drive one LS TTL load. 
4. Recommended voice input range for best voice performance. Should be externally AC coupled. 
5. May be used for side-tone in encode mode. Should be extemally AC coupled. Varies with audio input level by ±2dB. 

6. Presents series impedance with audio signal. Zero signal reference Is approximately VorI2. 
7. Note that filter time constants are inversely proportional to clock rate. Both filters approximate single pole responses. 
8. The minimum audio input voltage above which encoding takes place. 
9. The minimum audio output voltage change that can be produced by the Internal DAC. 

10. Settled value, the "quieting" pattern or Idle-channel audio output steps at one-half the bit rate, changing state on negative clock transitions. 
11. A logic "0" will appear at the AGC output pin when the recovered signal reaches one-half of full-scale value (positive or negative), I.e. at 

Vo0f2 ±25% of Voo. 
12. The recovered signal will be clamped, and the computation will be Inhibited, when the recovered signal reaches three-quarters of full

scale value, and will unclamp when It falls below this value (positive or negative). 
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Specifications HC-55564 

Pin Description 

PIN NUMBER 
14 LEAD DIP SYMBOL DESCRIPTION 

1 Voo Positive Supply Voltage. Voltage range Is +3.0V to +6.0V. 

2 AnalogGND Analog Ground connection to DlA ladders and comparator. 

3 AoUT Audio Out recovered from 10 bit DAC. May be used as side tone at the transmitter. Presents 
approximately 150 kilohm source with D.C. offset of VorJ2. Within ±2dB of Audio Input. Should be 
externally AC coupled. 

4 AGC Automatic Gain Control output. A logic low level will appear at this output when the recovered 
signal excursion reaches one-half of full scale value. In each hall cycle full scale is VorJ2. The 
mark-space ratio is proportional to the average signal level. 

5 AtN Audio Input to comparator. Should be externally AC coupled. Presents approximately 280110 in 
series with V orJ2. 

6,7 NC No internal connection is made to these pins. 

8 DigitalGND Logic ground. OV reference for all logic Inputs and outputs. 

9 Clock Sampling rate clock. In the decode mode, must be synchronized with the digital input data such 
that the data Is valid at the positive clock transition. In the encode mode, the digital data is clocked 
out on the negative going clock transition. The clock rate equals the data rate. 

10 Encode! A single CVSD can provida hall-duplex operation. The encode or decode function is selected by the 
Decode logic level applied to this input. A low level selects the encode mode, a high level the decode mode. 

11 APT Alternate Plain Text Input. Activating this Input caused a digital quieting paIlern to be transmitted, how-
ever; internally the CVSD is still functional and a signal Is stiD available at the AoUT port. Active low. 

12 Digitalin Input for the received digital NRZ data. 

13 FZ Force Zero Input. Activating this Input resets the Internal logic and forces the digital output and the 
recovered audiO output Into the "quieting" condition. An alternating 1-0 pattern appears at the 
digital output at 112 the clock rate. When this Is decoded by a receive CVSD, a 10mVp_p inaudible 
signal appears at audio output. Active low. 

14 Digital Out Output for transmitted digital NRZ data. 

NOTE: 

1. No active input should be left in a "floating condition." 

Functional Diagram (DIP PIN NUMBERS SHOWN) 

(1) (12) _ (10) (11) 13) fcil!reI' 
Voo t DI~~TALL:LNClDE:1.. APT miO 

3V TO 6V voo Y RESET 

2 '--------, T 

(3)AollT 
(SIDE TONE) 

ZooT 

(4) AGC OUT 

: 

(8) 

teLooK 
(f) DIGITAL 

mGND 

(14) 
t--t--+ DIGITAL 

OUT 
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Die Characteristics 

Transistor Count ..•.•••.••.•••.• 1897 
Die Dimensions ••••••.•••• " 147 x 82 
Substrate Potential. ..•••.•...•.. +Voo 
Process ................... BiMOSE 
Thermal Constants (OC/W) BJA BJC 

Ceramic DiP.................... 70 20 

Plastic DIP ....................... 85 

SOIC............................... 98 
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Timing Waveforms 

SAMPUNG CLOCK 

roAPT -_ .. " " " " " 
" ~~ , 
" " ," 

DECIE"NC 

" ~l Ii 0, 

" " ---, II , 0 

DIGITAL NRZ IN ____ -!II! 
" tD8~~ 

DIGITAL NRZ OUT 

los: DATA SET UP TIME 100ns TYPICAL 

FIGURE 2.CVSD TIMING DIAGRAM 

Interface Circuit for HC~55564 CVSD (DIP PIN NUMBERS SHONN) , 

AUDIO SOURCE 

'~RC 1 

TP3040 Hc.Qj5G4 

INPUT 2 
LEVEL ADJUST 3 

CA 
RAo Ra, CA rI, 4 
OPTIONAL V RA Aa s 

VFX1+ PWRO+ 

VFx1- VFx° 

GSx VFRi 

VFRO 

PWRI 

+5V ....... -+l'E.j Vee CLKO 

""""---1 t-:-:--.....;s'1 'AtN', 
1-ll' ...... --H--......:..--:-.... 3=-t Aoui 

-5V 8 Vaa PDN 
8 DlGrrAL 

GNDA CLK GNDD r------............... "'""'"'I ON!) ClK 
-= 

O.ll'~ ~O.ll' ' ,II 

+n 

FIGURE,a 

1 II 

, (To DATA IIF) 

P:ROM DATA IIF) 

ORO 1 OOIeO TO 1 un 

CVSD Hookup for Evaluation 

The circuit in Figure ,3 is sufficient to evaluate the voice'qual~ 
ity of the CVSD, since when encoding, the feedback signal at 
the audio output pin is the reconstructed audio input signal, 
CVSD design considerations 'are 'as follows: 

s. Oiglt~I, inp~ts and outputs are~patible with st~ndaitl 
CMOS logic, using the same supply Voltage. All unused 
logiC inpulsmost ~ tied to the appropriate logic level for ' 

,d4;isir8d operation. It isrecommendEid that unused inputS' 
,liedhighl;l8 done so through Ilplill-up resistor (1K -10kQ). 
Ttl outPUts will require 1kO pull-opresistors. PimJ' 4 and 

1. Care should be tliken in layout to maintain isolation 14 win eaCh ClriveCMOS lOgie or one low powei' TTLiriput. 
between analOg and digital signal paths for proper nOis$ 6; SinCe the AudiO ,out pins are intemallYDC biaSed to VDrJ2, 
consideration. ' , , , Pc ,C9iJPlingis reqiiir:ed. In g&neral, a value of 0,1"d is sum.: ' 

2. Power supply decoupUng is r1j1Cessary as' clQse to, the' ti~ for K; coupling of the CVSD audio pins to a fiker circuit. 
device as possible. A 0.1 f,lf should be sufficient, ' , 7. ;the AGe outpUt may,be eXtemallyintegrated: to drive an ' 

3. Ground, then power,must bEl present before linyinp!JI sig-' ,AGe pre-amp, or it could drive an LEO indicator through a ' 
nals are applied to the CV$D. Failure to obse,r've this may,' '~lIffer to indicate proper speaking Volume. ", ' 
cause a latchup condition which ,may be destructive" ' ' ' 
Latchup may be removed by cycling the power off/On; A . 
power-up reset circuit may be, used that strObes, Force 
Zero (Pin 13) during pow$Nip as' fpllows:,' ',' 

4. Analog (signal) ground{Piri 2} $ould be externally tied to" 
Digital GND (PinS) and power supply ground. It is ,reCom
mended that, the AIN' ,and, AOUT' ground returns connect 
only to Pin 2. " 
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HC-55564 

Figures 4. 5. and 6 illustrate the typical frequency 
response of the HC-55564 for varying input levels and for 
varying sampling rates. To prevent slope overload (slew 
limiting). the OdB boundary should not be exceeded. The 
frequency response is directly proportional to the sampling 

clock rate. The flat bandwidth at OdB doubles for every 
doubling in sampling rate. The output levels were mea
sured in the encode mode. without filtering. from AIN to 
AoUT. at Voo = +5V. 
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The following typical performance distortion graphs were 
realized with the test configuration of Figure 7. The 
measurement vehicle for Total Harmonic Distortion (THO) 
was an HP-339A distortion measurement set, and for 2nd 

+5V +1.0j1 

HP3582A 
SPECTRUM 
ANALyzeR 
ORHP338A 
DISTORTION 
ANALVZER 

FIGURE 7. TEST AND MEASUREMENT CIRCUIT 

CVSD INPUT LEVEL VB 2ND AND 3RD HARMONIC DISTORTION 
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.... 0 -~ 
-50 

-24 ·17 ·11 -3.8 +3.0 

INPUT SIGNAL LEVEL (dB) 

(A) 

CVSD INPUT LEVEL VB 2ND AND 3RD HARMONIC DISTORTION 
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~ 2~ 
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.... 0 
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(B) 
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dB -30 ~ 
2ND-::::; - -...;: / - 3RD 

.... 0 

-50 
-24 ·17 ·11 -3.8 +3.0 

INPUT SIGNAL LEVEL (dB) 

(C) 

FIGURE 9A, B. C. CVSD INPUT LEVEL vs 2ND AND 3RD 
HARMONIC DISTORTION 

and 3rd harmonic distortion, an HP·3582A spectrum 
analyzer. All measurement conditions were at VDD = +5V, 
and 2nd and 3rd harmonic distortion measurements were Co 
message filtered. OdB = 1.2VRMS• 

·10 30% 
16KHz INPUT 

FREQ ... 1kHz 
-20 

THD 
(dB) 

-30 

32KHz 10% --.....;;;: 
.... 0 

-24 

64KHz 

·16 .. 

INPUT SIGNAL LEVEL (dB) 

-
1% 

o 

FIGURE 8. CVSD SIGNAL LEVEL vs TOTAL HARMONIC 
DISTORTION 
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Harris Quality 

Introduction 

Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today's market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve
ment and evolution, with perfection as the constant goal. 

Harris Semiconductor's commitment to supply only top wlue 
integrated circuits has made quality improvement a mandate 
for every person in our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of wlue in 
integrated circuits. 

Quality in integrated circuits cannot be added on or consid
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man
ufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 

The Role of The Quality Organization 
The emphasis on building quality into the design and manu
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan
dardization of inspection equipment and processes, proce
dures for chemical controls, analYSis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 

At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization's role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, conSUlt
ing, arid managing Quality Improvement projects. 

To support specific market requirements, or to ensure con
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every
one's >job, much of the traditional on-line measurement and 
control of quality> characteristics is where it belongs - with 
the people who make the product. The Quality organization 
is thereto provide leadership and assistance in the deploy
ment of quality techniques, and to monitor progress. 

The Improvement Process 

t 
ON 

UCT 
IMPACT 
PROD 
QUALITY 

STAGE I 

PRODUCT 
SCREENING 

STAGEIU 

PROCESS 
OPTlMIZA1l0N 

STAGED 

PROCESS 
CONTROL 

SOPHIS11CA1l0N OF 
QUAUTY TECHNOLOGY 

STAOEIV I 
PRODUCT ~I 

OPTIMIZAnoN 

FIGURE 1. STAGES OF STATISTICAL QUAUTY TECHNOLOGY 

Harris Semiconductor's quality methodology is evolving 
through the stages shown >in Figure 1. In 1981 we embarked 
on a program to move beyond Stage I, and we are currently 
in the transition from Stage III to Stage IV, as more and more 
of our people become involved in quality activities. The tradi
tional "quality" tasks of screening, inspection, and testing are 
being replaced by more effective and efficient methods, put
ting new tools into the hands of all employees. Table 1 illus
trates how our quality systems are changing to meet today's 
needs. 

Designing for Manufacturability 

Assuring quality and reliability in integrated circuits begins 
with good product and process deSign. This has always 
been a strength in Harris Semiconductor's quality approach. 
We have a very long lineage of high reliability, high perfor
mance products that have resulted from our commitment to 
design excellence. All Harris products are designed to meet 
the stringent quality and reliability requirements of the most 
demanding end equipment applications, from military and 
space to industrial and telecommunications. The application 
of new tools and methods has allowed us to continuously 
upgrade the design process. 

Each new design is ewluated throughout the development 
cycle to wlidate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 

The wlidation process has four major components: 

1. Design Simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 

MANUFACTURING QAfQC MONITOR 
AREA FUNCTION CONTROLS AUDIT 

Wafer Fab • JAN Self·Audit X 

• Environmental 

- RoomfHood Particulales X X 

• Temperature/Humidity X X 

- Waler Quality X 

• Product 
- Junction Depth X 

- Sheet Resistivities X 

- Defect Density X X 

- Critical Dimensions X X 

- Visual Inspection X X 

- Lot Acceptance X 

• Process 
- Film Thickness X X 

· Implant Dosages X 

· Capacitance Voltage Changes X X 

· Conformance to Specification X X 

• Equipment 
- Repeatability X X 

· Profiles X X 

· Calibration X 

· Preventive Maintenance X X 

Assembly • JAN Self-Audit X 

• Environmental 

· Room/Hood Particulates X X 

• TemperaturelHumldlty X X 

• Water Quality X 

• Product 
- Documentation Check X 

· Dice Inspection X X 

· Wire Bond Pull StrengthlControls X X 

- Ball Bond Shear/Controls X 

- Die Shear Controls X 

- Post·BondlPre·Seal Visual X X 

- Fine/Gross Leak X X 

· PINDTest X 

· Lead Finish Visuals, Thickness X X 

· Solderability X 

• Process 
- Operator Quality Performance X X 

- Saw Controls X 

• Die Attach Temperatures X X 

• Seal Parameters X 

· Seal Temperature Profile X X 

· Sta·Bake Profile X 

• Temp Cycle Chamber Temperature X X 

• ESD Protection X X 

· Plating Bath Controls X X 

· Mold Parameters X X 
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TABLE 1. TYPICAL ON-UNE MANUFACTURINGlQUAUTY FUNCTIONS (Continued) 

AREA FUNCTION 

Test • JAN Self-Audit 

• TemperaturelHumidity 

• ESD Controls 

• Temperature Test Calibration 

• Test System Calibration 

• Test Procedures 

• Control Unit CompUance 

• Lot Acceptance Conformance 

• Group A Lot Acceptance 

Probe • JAN Self-Audit 

• Wafer Repeat Correlation 

• VIsual Requirements 

• Documentation 

• Process Performance 

Bum-In • JAN Self-Audit 

• Functionality Board Check 

• Own Temperature Controls 

• Procedural Conformance 

Brand • JAN Self-Audit 

• ESD Controls 

• Brand Permanency 

• TemperaturalHumidity 

• Procedural Conformance 

QCI Inspection • JAN Self-Audit 

• Group B Conformance 

• Group C and D Conformance 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 

TABLE 2. HARRIS I.C. DESIGN TOOLS 

PRODUCTS 

DESIGN STEP ANALOG DIGITAL 

Functional Cds Spice Cds Spice 
Simulation Verilog 

Parametric Cds Spice Cds Spice 
Simulation Monte Carlo 

Schematic Capture Cadence Cadence 

Functional Checking Cadence Cadence 

Rules Checking Cadence Cadence 

Parasitic Extraction Cadence Cadence 

MANUFACTURING QAlQC MONITOR 
CONTROLS AUDIT 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X 

X 

X 

X 

X 

X X 

X X 

X 

X 

X 

X 

X 

Special Testing 

Harris Semiconductor offers several standard screen flows to 
support a customer's need for additional testing and reliability 
assurance. These flows include environmental stress testing, 
burn-in, and electrical testing at temperatures other than 
+25OC. The flows shown on pages 9-6 and 9-7 indicate the 
Harris standard processing flows for a Commercial Unear part 
In PDIP Package. In addition, Harris can supply products 
tested to customer specifications both for electrical require
ments and for nonstandard environmental stress screening. 
Consult your field sales representative for details. 
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Harris Semiconductor Standard Processing Flows -----, 
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WITH QC MONITOR 

YES 

YES 

YES 

YES 

YES 

YES 

AS APPLICABLE 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

, 



Harris Semiconductor Standard Processing Flow (Continued) 

Ac/oc SINGLE 
INSERTION TEST 

CAPABILITY; 
HIGH/LOW TEMP 

BURN·IN 

QUALITY 
Lor ACCEPTANCE 

PDIPLEAD 
SCANNING 

(2) Example for a Linear Part in PDIP Package 

TEST(2) 

• OPERATION * QUALITY MONITOR 

100% ELECTRICAL TEST 

TOP BRAND 

PRE·BURN·IN ELECTRICAL 
TEST 

BURN-IN 

POST BURN-IN 
ELECTRICAL TESTS 

APPLY BURN·IN PDA 

* QC PRESHIP Lor 
ACCEPTANCE TEST 

100% LEAD SCANNING 

PACKING 

* QC PRESHIP Lor 
ACCEPTANCE 
INSPECTION 

FINAL DATA REVIEW 

9-7 

COMMERCIAL' 

YES 

YES 

IF APPLICABLE 

IF APPLICABLE 

IF APPLICABLE 

IF APPLICABLE 

YES 

YES 

YES 

YES 

YES 
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TABLE 3. SUMMARIZING CONTROL APPUCATIONS 

FAB 

• Diffusion • ThIn Film 
- Junction Depth - Film ThIckness 
- Sheet Resistivities - Uniformity 
- OXIde thickness - Refractive Index 
- Implant Dose Calibration - Film CornposItJon 
- Uniformity 

ASSEMBLY 

• Pre-Seal • Post-Seal 
- Ole Prep VIsuals - Internal Package Moisture 
- YIelds - Tin Plate thickness 
- Die Attach Heater Block - PIND Defect Rate 
- DleShear - Solder thickness 
- Wire Pull - LeakTests 
- Ball Bond Shear - Module Rm. Solder Pot Temp. 
- Saw Blade Wear -Seal 
- Pre-Cap Visuals - Temperature Cycle 

TEST 

- Hendlel'lllTest System 
- Defect Pareto Charts 
- Lot % Defective 
- ESD FaIlures per Month 

OTHER 

• ICC • Environment 
- Vendor Performance - Water Quality 
- Material Criteria - Clean Room Control 
- Quality Levels - Temperature 

- Humidity 

Controlling and Improving the 
Manufacturing Process - SPC/DOX 

• Photo Resist • Measurement Equipment 
- Critical OImension -CrlticalOImension 
- Resist thickness - Film thickness 
- Etch Rates - 4 Point Probe 

- Ellipsometer 

• Measurement 
- XRF 
- Radiation Counter 
- Thermocouples 
- GM-Force Measurement 

- Monitor Falures 
- Lead Strengthening QuaUty 
- After Burn-In PDA 

• ICC Measurement/Analysis 
- XRF 
- ADE 
- 4 Point Probe 
- ChemICal AnalysIs Equipment 

Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac
turing people use control charts to determine the normal vari
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea
sured and control limits are plotted on the control charts. 
Appropriate action is taken If the charts show that an opera
tion is outside the process control Omits or indicates a nonran
dom pattern Inside the Omits. These same control charts are 
powerful tools for use In reducing variations In processing, 
materials, and products. Table 3 lists some typical manufac- ' 
turing applications of control charts at Harris Semiconductor. 

reduce product defects to the levels expected by today's buy
ers. In addition, screening and inspection have an associated 
expense, which raises product cost. (See Table 4). 

SPC is important, but still considered only part of the solution. 
Processes which operate In statistical control are not always 
capable of meeting engineering requirements. The conven
tional Way of dealing with this In the semiconductor industry 
has been to implement 100% screening or inspection steps to 
remove defects, but these techniques are Insufficient to meet 
today's demands for the highest reliability and perfect quality 
performance. 
Harris still uses screening and Inspection to "grade" products 
and to satisfy specific customer requirements for burn-In, mul
tiple temperature test Insertions, environmental screening, 
and visual inspection as value-added testing options. How
ever, inspection and screening are limited In their ability to 

9-8 

I 

II 

III 

IV 

TABLE 4. APPROACH AND IMPACT OF STATISTICAL 
QUAunYTECHNOLOGY 

STAGE APPROACH IMPACT 

Product • Stress and Test • Umlted Quality 
Screening • Defecdve Prediction • Costly 

• After-The-Fact 

Process • Statistical Process • Identifies Variability 
Control Control • Reduces Costs 

• Just-In-Tlme • Real Time 
Manufacturing 

Process • DesIgn of Expert- • Minimizes Varlabifity 
Optimization ments • Before-The-Fact 

• Process Simulation 

Product • Design for Produc- • Insensitive to Varl-
Optimization IbIIity ability 

• Product Simulation • Designed-In Quality 
• Optimal Rasults 
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Harris engineers are, instead, using Design of Experiments 
(OOX), a SCientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at reducing the number of defects by studying the 
key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per
fection. but a better product results from the efforts, and the 
basic causes of product nonconformance cen be eliminated. 
SPC, OOX, and design for manufacturability. coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 

Average Outgoing Quality (AOQ) 

Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in MIL-STD-
883 and MIL-M-38510 are used by our quality inspectors. 

The focus on this quality parameter has resulted in a contin
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 

Training 

The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manufac
turing began in 1984 at Harris, with a comprehensive devel-

opment program in statistical methods. USing the resources 
of Harris statisticians, private consultants, and internally 
developed programs, training of engineers, supervisors, and 
operatorsltechniclans has been an ongoing activity in Harris 
Semiconductor. 
Over the past years, Harris has also deployed a comprehen
sive training program for hourly operators and supervisors in 
job requirements and functional skills. All hourly manufactur
ing employees participate (see Table 5). 

Incoming Materials 
Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of Silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 
To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network· is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris production line. 

SPC seminars. deIIeIopment of open working relationships. 
understanding of HarrIs' manufacturing needs and vendor 
capabllties, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
ionger is the only quantitative requirement of incoming materials. 

TABLE 5. SUMMARY OF TRAINING PROGRAMS 

COURSE AUDIENCE TOPICS COVERED 

SPC,BasIc Manufacturing Operators, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Non-Manufacturing Problem Analysis Tools, Graphing Techniques, Control Charts 
Personnel 

SPC, Intermediate Manufacturing Supervisors, Harris Philosophy of SPC, Statistical Definitions, Stallstical Calculations, 
Technicians Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 

Measurement Process Evaluation, Introduction to Capability 

SPC, Advanced Manufacturing Engineers, Harris Philoaophy of SPC, Stallstlca/ Definitions, Statistical Calculations, 
Manufacturing Managers Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 

Measurement Process Evaluation, Advanced Control Charts, variance Com-
ponent Analysis, capability Analysis 

Design of experiments Engineers, Mansgers Factorial and Fractional DesIgns, Blocking Designs, Nested Models, Analysis 
(DOX) of Variance, Normal ProbablRty Plots, Statlsllca/ Intervals, Variance Compo-

nent Analysis, Multiple Comparison Procedures, Hypothesis Testing, Model 
AssumptionsIDlagnostlcs 

Regression Engineers, Managers Simple Unear Regression, Multiple Regression, Coefficient Interval estima-
tion, Diagnostic Tools, variable Selection Techniques 

Response Surface Engineers, Managers Steepest Ascent Methods, Second Order Models, Central Composite De-
Methods (RSM) signs. Contour Plots, Box-8ehnken Designs 
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SpecifIed requirements include centered means, statistical 
control limits, and the requirement that vendors deliver their 
products from their own statistically 9ll8luatecl, in-control manu
factumg processes. 

In addition to the certific:ation process, Harris has worked to 
promote improyed quality in the perbrmance of all our qualified 
vendors who must meet rigorous incoming inspection criteria 
(see Table 6). 

TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 

MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMEt-n'S 

Silicon • Resistivity • Equipment CapablUty Control Char1S 
• Crystal Orientation -Oxygen 

• Dimensions - Resistivity 

• Edge Conditions • Control Char1S Related to 

• Taper - Enhanced Getterlng 

• Thickness 
- Total Thickness Variation 

• Total Thickness variation 
- Total Indicated Reading 

• Backside Criteria 
- Particulates 

• Oxygen 
• Certificated of Analysis for all Critical Parameters 
• Control Cher1S from On-Line Processing 

• Carbon • Certificate of Conformance 

ChemlcalslPhotoreslsts/ • Chemicals • Certificate of Analysis on all Critical Parameters 
Geses - Assay • Certificate of Conformance 

- Major Contamlnan1S • Control Charts from On-Une Processing 
• Molding Compounds • Control Char1S 

- Spiral Flow - Assay 
- Thermel Characteristics - Contaminan1S 

• Geses - Water 
- Impurities - Selected Parameters 

• Photoresis1S • Control Char1S 
- VISCOSity - Assay 
- Film Thickness - Contamlnan1S 
- Solids • Control Char1S on 
- Pinholes - Photospeed 

- Thickness 
- UV Absorbance 
- Filterability 
- Water 
- Conteminan1S 

Thin FUm Materials • Assay • Control Charts from On-Une Processing 
• Selected Contemlnan1S • Control Char1S 

- Assay 
- Contaminan1S 
- Dimensional Characteristics 

• Certificate of Analysis for all Critical Parameters 
• Certificate of Conformance 

Assambly Materials • Visual Inspection • Certificate of Analysis 
• Physical Dimension Checks • CertifICate of Conformance 
• Glass Composition • Process Control Charts on Outgoing Product Checks 
• Bondability and In-Une Process Controls 

• Intermetallic Layer Adhesion 
• Ionic Contamlnan1S 
• Thermal Characteristics 
• Lead Coplanarlty 
• Plating Thickness 
• Hermetlclty 
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Calibration Laboratory 
Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan
dards. Each lab maintains a system which conforms to the 
current revision of MIL-STD-45662, ·Calibration System 
Requirements." 

Each instrument requiring calibration is assigned a calibration 
interval based upon stability, purpose, and degree of use. The 
equipment is labeled with an identification tag on which is 
specified both the date of the last calibration and of the next 
required calibration. The Calibration Lab reports on a regular 
basis to each user department. Equipment out of calibration is 
taken out of service until calibration is performed. The Quality 
organization performs periodic audits to assure proper control 
in the using areas. Statistical procedures are used where 
applicable in the calibration process. 

Manufacturing Science - CAM, JIT, TPM 
In addition to SPC and DOX as key tools to control the prod
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How
ever, they have a significant impact on quality results. 

Computer Aided Manufacturing (CAM) 

CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 

The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 

The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 

Just In Time (JIT) 

The major focus of JIT is cycle time reduction and linear pro
duction. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Quality 
Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination of 
waste. 

Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added activ
ities, demandfpull to improve production flow, TOC check 
pOints and Employee Involvement Teams using root cause 
analysis for problem solving. 

JIT implementations at Harris Semiconductor have resulted in 
significant improvements in cycle time and linearity. The bene
fits from these improvements are better on time delivery, 
improved yield, and a more cost effective operation. 

JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 

Total Productive Maintenance (TPM) 

TPM or Total Productive Maintenance is a specific methodol
ogy which utilizes a definite set of principles and tools focus
ing on the improvement of equipment utilization. It focuses on 
the total elimination of the six major losses which are equip
ment failures, setup and adjustment, idling and minor stop
pages, reduced speed, process defects, and reduced yield. A 
key measure of progress within TPM is the overall equipment 
effectiveness which indicates what percentage of the time is a 
particular equipment producing good parts. The basic TPM 
prinCiples focus on maximum equipment utilization, autono
mous maintenance, cross functional team involvement, and 
zero defects. There are some key tools within the TPM techni
cal set which have proven to be very powerful to solve long 
standing problems. They are initial clean, P-M analysis, condi
tion based maintenance, and quality maintenance. 

Utilization of TPM has shown significant increases in utiliza
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to improve 
manufacturing competitiveness. 

The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a good 
stepping stone to JIT because a high overall equipment effec
tiveness guarantees the equipment to be available and opera
tional at the right time as demanded by JIT. 
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The reliability operations for Harris Semiconductor are consol
idated into three locations; in Palm Bay, Florida, and Research 
Triangle Park, North Carolina, for integrated circuits products, 
and Mountaintop, Pannsyivania for Power Discrete Products. 
This consolidation brought the reliability organizations 
together to form a team that possesses a broad cross section 
of expertise in: 

• Custom Military 

• Automotive ASICs 

• Harsh Environment Plastic Packaging 

• Advanced Methods for Design for Reliability (DFR) 

• Strength in Power Semiconductor 

• ChemicaVSurface AnalysiS Capabilities 

The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics and service systems. These 
major systems are summarized below: 

• A process and product development system which 
emphasizes getting new products to market over product 
design. Uses empowered cross functional development 
teams. 

• Standard test vehicles (96 in all) for process characteriza
tion of wearout failure mechanisms using conventional 
stresses (for modeling FITs/MTTF) and wafer level reliabil
ity characterization during development. 

• Common qualifICation standards and philosophy for all 
sites and developments. 

• Matrix monitor standard - a reliability monitoring system 
for products in production to insure ongoing reliability and 
verification of continuous improvement. 

• Field return failure analysis system deployed world wide to 
track and expedite root cause analysis and irreversible 
corrective actions in a timely manner for our customers. 
The system is called by the team name PFAST, Product 
Failure Analysis Solution Team. Failure analysis sites are 
located in Brussels, Mountaintop, Palm Bay, Singapore, 
Kuala Lumpur, and Hong Kong. In order to optimize our 
response time to the customer all locations are networked 
for optimum communication, trend analysis, and perfor
mance tracking. 

Integrated circuits reliability home base is in Palm Bay, Flor
ida. This new facility has consolidated the reliability organiza
tion of the standard products divisions reliability group from 
Palm Bay, Florida; Somerville, New Jersey; Santa Clara, Cali
fornia, and the Military and Aerospace Division in Palm Bay, 
Florida. This facility contains 

• A 9,000 square foot reliability analysis iaboratory, 

• An 8,000 square foot reliability stress testing facility, 

• A 5,000 square foot analytical (chemistry/surface analysis) 
laboratory, 

• A 3,000 square foot of engineering office space. 

The facilities are well equipped and manned with highly 
trained and disciplined analysts. The reliability facilities are 
JAN certified and certified bya host of customers including 
major automotive and telecommunications companies. 

Process/Product/Package Qualifications 
Qualification activities at Harris begin with the in.cJepth qualifi
cation of new wafer processes. These process qualifications 
focus on the use of test vehicles to characterize wearout 
mechanisms for each process. These data are used to estab
lish design ground rules for each process to eliminate wearout 
failure during the usefUl life of the product. Products designed 
within the established ground rules are qualifl8d individually 
prior to introduction. New package configurations are qualified 
individually prior to being available for new products. Harris 
qualification procedures are specified via controlled documen
tation. 

Product/Package Reliability Monitors 

Many of the accelerated stress-tests used during initial reli
ability qualification are also employed during the routine moni
toring of standard production product. Harris' continuing 
reliability monitoring program consists of three groups of 
stress tests, labeled Matrix I, II and III. As an example, Table 7 
outlines the Matrix tests used to monitor plastic packaged 
CMOS Logic ICs in Harris' Malaysia assembly plant, where 
each wafer fab technology is sampled weekly for both Matrix I 
and II. Matrix I consists of highly accelerated, short duration 
(48 hours or less) tests, which provide real-time feedback on 
product reliability. Matrix II consists of the more traditional, 
longer term stress-tests, which are similar to those used for 
product qualifICation. Finally, Matrix III, performed monthly on 
each package style, monitors the mechanical reliability 
aspects of the package. Any failures occurring on the Matrix 
monitors are fully analyzed and the failure mechanisms identi
fied, with corrective actions obtained from Manufacturing and 
Engineering. This information along with all of the test results 
are routinely transmitted to a central data base in Reliability 
Engineering, where failure rate trends are analyzed and 
tracked on an ongoing basis. These data are used to drive 
product improvements, so as to ensure that failure rates are 
continuously being reduced over time. 

TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
REUABIUTY MONITORING TESTS. 

MATRIX I 

TEST CONDITIONS DURATION SAMPLE 

BlasUfe +175°0 48 Hours 40 

HAST +l45"C, 85% RH 20 Hours 40 
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TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
RELIABUTY MONITORING TESTS (Continued) 

MATRIX" 

TEST CONDITIONS DURATION SAMPLE 

BiasU!e +12500 1000 Hours 50 

Dynamic LIIe +12500 1000 Hours 50 

Biased Humidity +8500, 85% RH 1000 Hours 50 

Autoclave 15 PSIG, +121°C, 192 Hours 50 
100%RH 

Storage Ufe +1OOOC 1000 Hours 50 

Tamp. Cycle -6500 to + 15O"C 1000 Cycles 50 

TharmalShock -6500 to + 15O"C 1000 Cycles 50 

MATRIX"! 

TEST CONOmONS SAMPLE 

Solderability Mn-5td 883/2003 15 

Lead Fatigua Mn-5td 883/2004 15 

Brand Adhesion Mn-5td 883/2015 20 

Ramrnabillty (UL·94 Vertical Burn) 5 

Field Return Product Analysis System 
The purpose of this system is to enable Harris' Field Sales 
and Quality operations to properly route, track and respond 
to our customers' needs as they relate to product analysis. 

The Product Failure AnalysiS Solution Team (PFAST) con-
sists of the group of people who must act together to provide 
timely, accurate and meaningful results to customers on 
units returned for analysiS. This team Includes the salesman 
or applications engineer who gets the parts from the cus
tomer, the PFAST controller who coordinates the response, 
the Product or Test Engineering people who obtain charac
terization and/or test data, the analysts who failure analyze 
the units, and the people who provide the ultimate corrective 
action. It is the coordinated effort of this team, through the 
system described in this document that will drive the Cus
tomer responsiveness and continuous improvement that will 
keep Harris on the forefront of the semiconductor business. 

The system and procedures define the processing of prod
uct being returned by the customer for analysis performed by 
Product Engineering, Reliability Failure Analysis and/or 
Quality Engineering. This system is designed for processing 
"sample" returns, not entire lot returns or lot replacements. 

The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 

Goals: quick, accurate response, uniform deliverable (con
sistent quality) from each site, traceability. 

The PFAST system is summarized in the following steps: 

1) Customer calls the sales rep about the unit(s) to return. 

2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is all that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See Figure 2). 

3) The units must be packaged In a manner that prevents 
physical damage and prevents ESo. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using "Iook-up'"tables in the PFAST document. 

4) The PFAST controller will log the units and route them to 
ATE testing for data log. 

5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 

6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of mate
rial. The customer contact is valuable in analytical pro
cess to insure root cause is found. 

7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible Individuals with cor
rective actions and to the PFAST controller so that the 
records will capture the closure of the cycle. 

8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 

9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on agree
ments. Interim results are given real-time. 
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[lJtjt£Bl§ 
Request 1# 

Customer Analysis 1# 

PFAST ACTION REQUEST 

Date: 

ORIGINATOR CUSTOMER 

LocATION/PHoNE No. LocATION 

DEVICE TYPF/P ART No. PuRCHASE ORDER No. 

No. SAMPLES RETuRNED QUANTITY RECEIVED 

nm COMPlEl'llNl3SS AND TlMBLY RESPONSE OF TIlE BVAWATION IS DIRIlCTLY RElATED TO TIlE COMPLB'J'IlNF.$ 

OF THE DATA PROVIDED. PLBAsE PROVIDE AIl. PERTINENT DATA. ATTACH ADDITIONAL SHEErS IF NECESSAR.Y. 

TYPE OF PROBLEM DETAnS OF REJECf 
(WH'" appropriate .. riatlzo ........ opoclfy for _) 

1. [] INcoMING INSPBCTION TEsT CONDITIONS RElATING TO FAILURE 
[] 100% ScREEN [] SAMPLE lNSPEcrlON [] 1'EsTER USED (MFGR/MODEL) 

No. Ti1sTED No. OF RE.mcTs [] TEsT TilMPERA 11JRE --
ARB RESUL'Ill REPRESENTATIVE OF PREVIOUS LOTS? [] TEsTTIME: [] CONI1NUOUS TEsT 

[] YFS [] NO [] ONE SHoT (T = __ SEC) 

[] BRIEP DESCRIPTION OF EVALUATION [] DESCRIPTION OF ANY OBSERVED CONDITION TO 

AND RESUL'Ill A'ITACHED WHICH FAILURE APPEAIIS SENSITIVE: 
2. [] IN PRocEss/MANUFACTURlNG FAILURE 

[] BoARD CHEcKOUT [] SYSTEM CHEcKOUT 
[] FAILED ON '!'URN-ON 1. [] DC FAILURES 
[] FAILED AFTI!R HOURS OPERATION [] OPENS [] SHoR'Ill [] LEAKAGE [] STRESS 

WAS UNIT RE'IiSTiiD UNDER INCOMING INSPECTION [] PoWER DRAIN [] INPUT LBvEL [] OUTPUT LEVEL 

CONDITIONS? [] YFS [] NO [] l.JsT OF FORCING CONDITIONS AND MEASURED 
[] BRIEP DESCRIPTION OF HOW FAILURE WAS ISOLATED RESUL'Ill FOR EACH PIN IS ATTACHED 

TO COMPONENT ATTACHED [] PoWER SUPPLY SEQUENCING ATTACHED 
3. [] FIELD FAILURE 2. [] ACFAlLURES 

FAILED AFTI!R __ HOURS OPERATION l.JsT FAIUNG CHARACTERISTICS 
FsTIMATBD FAILURE RATE __ % PER 1000 HOURS 

ENDUSBR LocATION 
AMBIENT 1'EMPBRATURE !;; ADDRESS OF FAIUNG LocATION (IF APPUCABLE) 
MIN. C MAx. -- C 
REI.. HUMiDITY % ATTACHED: 
[] END USER FAILURE CORRESPONDENCE ATTACHED [] lJsT OF PoWER SuPPLY AND DRIVER l..EVELs 

ACTION REQUESTED BY CUSTOMER 
(Include pictures of wavcfonns). 

[] lJsT OF OUTPUT LEVELS AND lOADING CONDITIONS 

[] INPUT AND OUTPUT TIMING DIAGRAMS 

[] DESCRIPTION OF PATTERNS USED 
SPEcIFIc ACTION REQUESTED (If not standard patterns, give very complete 

description including address sequence). 
IMPACT OF FAILED UNITS ON CusTOMER'S SITuATION: -- 3. [] PROM PROGRAMMING FAILURES 

ADDRESS OF FAlWRBS 

CUSTOMER CONTACTS wrm SPEcIFIC KNoWLEDGE OF REmers 
PROGRAMMER USED (MFGIMODEL/RBV. No.) 

NAME 4. [] PHYsiCAl/ASSEMBLY RELATED FAILURES 
PosITION PHONE [] SEE COMMENTS BELOW [] SEE ATTACHED 

AddItiooaJ Comments: 

FIGURE 2. PFAST ACTION REQUEST 
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INSTRUCI10NS fUR COMPLE1lNG PlAU ACl1QN REOUEST fUm 

The purpoIC of this form is to belp UI p.t'ClIVide )'0\1 with a more _te, complete, and timely rapoase to faillIIa which may occur. 
ACClllate and complete information is _tiaJ to ClISUJe that the appropriate corrective actioII _ be impIcmeatcd. Due to tu aced 
for accurate and complete information, req_ witbout a completed PFAST Adioa ReqUClt form will be returned. 

Sou_ of Problem: 
This IICCtion requests the product IIow lcacIiIIg to the failure. Mark an "X" in the appropriate bola up to and iIIc:IudlDg the Itcp which 
detcctccl the failure. Also mark an "X" in the appropriate box uncler ARE RESULTS REPRESENI"A11VE OF PREVIOUS LOTS? 
to indicate whether this is a rare failure or a repeated problem. 

Example 1. No incoming elcc:triall test ... performed, the 
units _re installed oato boanIs, the boards fWlCtioaccl 
c:orrcc:tly for two hours and then 1 unit failed. The 
customer rarely bas a failure due to this Harris cIcvicc. 

SOURCE OF PROBUUI 
(&.., ...... _ oIevn .......... ........., 

I. VISUAlJM.ecHANrcAL 
ODESCaI8£ 

2. INCOMING TesT • Nor I'EIIPoIuocED 
0100'6 TesTED o Soum.£ TesTED 

No. TesTED __ No. 01' ~ __ 

AIlE aESULlS IlEPRESSHTA1lYE 01' PREVIOUS LOTS? 
o YPS o NO 

3. III PRocESs/MAIIUFACnJa/IfO FAIWRE 
• IIOAaD TesT o SYS11!M TesT 

HOW MANY UNITS FAILED? -L-
FAJlB) AI'I'EII L IIOUIS 01' 11!S11IIO 
WAS UIfIT REI13S"\'EI) AT INCXlMIIfG IIfSP6C'I'I()If 

o YPS • NO 
ARE aESULlS IlEPRESSHTA11YE OF PREVIOUS LOTS? 

o YPS • NO 
4. FIELD FAILURE 

FAJlB) AI'I'EII __ IIOURS OI'I!RA'IlOIf 

f.sTJMAlED FA/LU/IE RAlE __ " Pea 
EIfD USEa l.DCA'IlOH 
MIll. --·C A\IE. __ "C MAx. __ "C 

S. 0ntEa 

Action Rcnuested by CUltomer: 

~ 100 out of the .soo units shipped wen: tesIccI 
at incoming and aU pauccI. The units _re installed into 
boards and the boards pu&Cd. The boards_ iDltaIlccl 
into the system and the .,acm failccl immediatcly when 
turned on. There _ 3 I)'ItcIll faiI_ due to this put. 
The~tomcr~~~basfaillllaofthisHarris~ 
The 3 units _re not retested at ~ 

SOURCE OF PROBUUI 
(&1 ........... _01 ............... ........, 

1. VISIIAIJMscHAIac:A 
o DEScRmE 

2. bIcoMuIG TesT o NOT PEaFoaNI!D 
o 100'6 TesTED • Soum.£ TesTED 

No. TemD J.§L No. 01' ~ L 
ARE USUL1S IlEPRESSHTA1lYE 01' PIIEVIOUS LOTS? 

• YES ONO 
3. '" I'Roc:BssIMAIIuACruUfG FAILIlU 

• IIOAaD TesT • SYS11!M TesT 
How MANY UNITS FAJlB)? ....L.-
FAJlB) AI'I'EII.JI.-. HOURS OF 11!S11IIO 
WAS UIfIT REI13S"\'EI) AT /llOOM1NG IMPEC'I1ON1 

o YES • NO 
AIlE USULlS IlEPIlESEllTATIYI! OF PIII!YIOUS LOTS? 

• YPS o NO 
4. FIELD Flo/LURE 

FAJlB) AFTER __ HOURS 0PI!RA11OH 

Es11MAlED Flo/LUlIE RAn! __ " PEa 
EIfD USI!II l.DCA11ON 
MIll. --"C A\IE. __ "C MAx. __ "C 

S. 0ntEa 

This section should be completed with the ~er'1 expectations. This information is _nlial for an appropriate response. 

RealOn for Electrical Reject: 
This section should be completed if the type of failure could be iclcntified. If this information is contained in attac:becl ~toa\er 
correspondenc:c there is DO need to transpolC onto the WAST Action Request form. 

PFAU REOUIREMENTS 

The w1ue of returning failing products is in the c:omctive ac:tions that are pnerated. Failure to meet the following requirements _ 
cause an erroneoUl conclUlioa and c:omctive action; therefore, failure to meet these requirements wiD result in the request being 
returned. Contact the IocaJ PFAST Coordinator if )'0\1 have any questions. 

Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed 
in order to perform electrical or hermeticily testing. 

1) Units must be returned with proper ESD protection (ESD-Afe shipping tubes within shielding boxfbag or inserted into conductive 
foam within shielding boxfbag). No tape, psper bags, or plastic bap should be used.. This requirement ensllla that the cIeYic:es are 
not damaged during shipment back to Harris. 

2) Units mUll be intact (lid not removed and at least part of each package fead present). This requirement iI in place since the pstts 
mUll be intact in order to perform electrical test. AJso, opening the package _ remove evidenc:c of the cause for failUJe and lead to 
an inc:orrcc:t conclusion. 

3) Programmable pstts (ROMs, PROMS, UVEPROMs, and EIlPROMs) mUlt iIIc:Iude • master unit with the sante psttcm. 1'hia 
requirement is to provide the psttem 10 aU failing ~tiODl can be identified. A master unit is required if. failure analysis is requested. 

FIGURE 2. PFAST ACTION REQUEST (Continued) 
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Ha"ls Reliability 

Failure Analysis Laboratory 
The Failure Analysis Laboratory's capabllHles encompass 
the isolation and Identification of all failure modeslfallure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure Is also 
undertaken. 

Failure analysis is a method of enhancing product reliability 
and determining corrective action. It Is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability streSSing. Accurate analysis 
results are Imperative to assess effective corrective 
actions. To ensure the integrity of the analysis, correlation 
of the failure mechanism to the InHlal electrical failure is 
essential. 

A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STO-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide Information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and con
tain data, the failure analyst's notes, and the formal Product 
Analysis Report. 

Analytical Services Laboratory 
Harris faCilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized Into chemical or mlcrobeam analysis 
methodology, staff and Instrumentation from both labs 
cooperate in fully Integrated approaches necessary to 

FIGURE 3. NON-DESTRUCTIVE 

complete analytical studies. The capabilHies of each area 
are shown below. 

SPECTROSCOPIC METHODS: Colorimetry, Optical Emis
sion, Ultraviolet Visible, Fourier Transform-Infrared, Flame 
Atomic Absorption, Furnace Organic Carbon Analyzer, Mass 
Spectrometer. 

CHROMATOGRAPHIC METHODS: Gas Chromatography, 
Ion Chromatography. 

THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 

PHYSICAL METHODS: Profilometry, Microhardness, Rhe
ometry. 

CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
Ion Electrodes. 

ELECTRON MICROSCOPE: Transmission Electron Micros
copy. Scanning Electron Microscope. 

X-RAY METHODS: Energy Dispersive X-ray AnalysiS 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), X-ray 
Fluorescence Spectrometry, X-ray Diffraction Spectrometry. 

SURFACE ANALYSIS METHODS: Scanning Auger Micro
probe, Electron Spectroscopy/Chemical Analysis, Second
ary Ion Mass Spectrometry, Ion Scattering Spectrometry, Ion 
Microprobe. 

The department also maintains ongoing working arrange
ments with commercial, university, and equipment manufac
turers' technical service laboratories, and can obtain any 
materials analysis in cases where Instrumental capabilities 
are not available In our own facility. 

FIGURE 4. DESTRUCTIVE 
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Reliability Fundamentals and Calculation 
of Failure Rate 
Table 8 below defines some of the more important terminol
ogy used il describing the lifetime of iltegrated circuits. 
Of prime importance is the concept of "failure rate" and the 
calculation thereof. 

Failure Rate calculations 

Reliability data may be composed of sewral different failure 
mechanisms and the combining of potentially diverse failure 
rates into one comprehensive failure rate is desired. The fail
ure rate calculation is complicated because the failure mecha
nisms are thermally activated at dIffering rates. Additionally, 
this data Is usually obtained on a number of life tests per
formed at unique stress temperatures. The equation below 
accounts for these considerations along with a statistical fac
tor to obtain the upper confidence level (UCL) for the resulting 
failure rate. 

A.= [ 
~ x J L k I • MX 109 

i = 1 ~ TDH AF ---p-
"" J IJ ~ x 
J=1 "" I 

1=1 

where, 

A = failure rate in FITs (Number falls In 10" device hours) 

p = # of distinct possible failure mechanisms 

k = # of life tests being combined 

Xi = 4# of failures for a given failure mechanism 
1= 1,2, ••• P 

TDHj = Total device hours of test time (unaccelerated) for 
Life Test j, j '" 1, 2, 3, ••• k 

AFij = Acceleration factor for appropriate failure mecha
nism i = 1,2, ••• k 

M = X2(a,2r+2f2 
where, 
X2 = chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (l: Xj) 
a = risk associated with UCL; 

i.e. a = (1QO-UCL(%»/100 

In the failure rate calculation, Acceleration Factors (AF1j) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+5SOC has been popular. Harris Semiconductor Reliability 
Reports will derate to +55OC and win express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 

TABLE 8. FAILURE RATE PRIMER 

TERMS DEFINmONSIDESCRIPTION 

Failure Rate A. Measure of failura per unH of time. The faUlJ'e rate typically decreases slightly over 
early life, and then becomes relatively constant over time. The on set of wearout wiN 
show an Increasing faUlJ'e rate, which should OCClJ' weH beyond useful life. The useful 
life failure rate Is based on the exponenllalilfe distribution 

FIT (Failure In Time) Measure of failure rate In 10V d6\llce houra; e.g., 1 FIT = 1 failure In 10V d6Yice hours, 
100 FITS = 100 failure In 108 d6Ylce houra, etc. 

Device Hours The summation of the number of units in operation multiplied by the time of operation. 

MTTF (Mean Time To Failure) Mean of the life distribution for the population of d6Ylces under operation or expected 
lifetime of an Individual, MTTF = 1/A., which Is the time where 63.2% of the population 
has failed. Exampled: ForA. = 10 FITS (or 10E-9IHr.), MTTF= 11A.= 100 million hours. 

Confidence Level (or Umlt) Probability level at which population failure rate estimates ere derived from sample life 
test 10 FITs at 95% UCL means that the population falllJ'e rate Is estimated to be no 
more that 10 FITs with 95% certainty. The upper limit of the confidence interval Is used. 

Acceleretion Factor (AF) A constant derived from experimental data which relates the times to faUura at two 
different stresses. The AF allows extrapolation of failure rates from accelerated test 
conditions to use conditions. 
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Acceleration Factors Activation Energy 

Acceleration factor Is determined from the Arrhenius 
Equation. This equation is used to describe physiochemical 
reaction rates and has been found to be an appropriate 
modei for expressing the thermal acceleration of semicon
ductor failure mechanisms. 

The Activation Energy (Ee) of a failure mechanism is deter
mined by performing at least two tests at different leveis of 
stress (temperature and/or voltage). The stresses will pro
vide the time to failure (~) for the two (or more) populations 
thus allowing the simultaneous solution for the activation 
energy as follows: 

[ E J AF = EXP ~ (_1 ___ 1_> 
k T use T stress 

In (tl1) = C + ~ In (tl2) = C + ~ 
kT, 

where, 

AF = Acceleration Factor 

By subtracting the two equations, and solving for the activa
tion energy, the following equation is obtained: 

Ea '"' k pn(~,) -In(t,.z)] 

Ee = Thermal Activation Energy (See Table 9) 
(1fr1 - 1fT2) 

where, 
k = Boltzmann's Constant (8.63 x 10-5 eVf>K) 

Both Tuse and T streas (In degrees Kelvin) include the internal 
temperature rise of the device and therefore represent the 
junction temperature. 

fa '"' Thermal Activation Energy (See Table 9) 

k'"' Boltzmann's Constant (8.63 x 10-5 eVf>K) 

T
" 

T2 = Life test temperatures in degrees Kelvin 

TABLE 9. FAILURE MECHANISM 

FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 

OxIde Defects O.3-0.5eV High temperature operating life (HTOL) and Stetistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 

Silicon Defects O.3-0.5eV HTOL & voltage stress screens. Vandor statistical Quality Control programs, and 
(Bulk) Stetistical Process Control on Ihenna! processes. 

Corrosion O.45eV Highly accelerated stress testing (HAST) Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 

Assembly O.S-O.7eV Temperalure eyeIng, temperalure and ma- Vendor Statistical Quality Control programs, Sta-
Defects chanlcal shock, and environmental stressing. tIstIcaI Process Control of assembly processes, 

proper handling melhods. 

Electrornlgration Test Vehicle characterizations at highly eie- Design ground rules, wafer process statistical pro-
- AI Une O.6eV vated temperalures. cess steps, photoresist, metals and passivation 
- Contact O.geV 

Mask Defectsl O.7eV Mask FAB comparator, print checks, defect Clean room control, clean mask, paUicles, StatIsti-
Photoresist density monitor In FAB, voltage stress test cal Process Control of photoresist/etch processes. 
Defects andHTOL. 

Contamination UJeV COV stress at oxIdelinterconnect, wafer FAB Statistical Process Control of COV data, oxidelin-
device stress test and HTOL. terconnect cleans, high Integrity glasslvation and 

clean assembly processes. 

Charge Injection 1.3eV HTOL & oxide characterization. Design ground rules, wafer 161181 Statistical Pro-
cess Control and critical dimensions for oxides. 
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LINEA. 10 

AN# 

509 

514 

515 

517 

519 

525 

526 

nTLE 

A Simple Comparator 
Using The HA-2620 

The HA-2400 PRAM 
Four Channel 
Operational Amplifier 

Operational Amplifier 
Stability: Input 
Capacitance 
Considerations 

Applications of a 
Monolithic Sample and 
Hold/Gated Op Amp 

Operational Amplifiers 
Noise Prediction 

HA-519015195 Fast 
Settling Operational 
Amplifier 

HA-519015195 Video 
Applications 

APPLICATION NOTE ABSTRACTS AND 
SPICE MODEL LISTING 

ABSTRACTS 

Performance characteristics, application schematics, output parameter control methods. 

HA-2400 PRogrammable Analog Microcircuit description, frequency compensation, 
applications (analog multiplexer, non-inverting programmable gain amplifier, inverting 
programmable gain amplifier, programmable attenuator, programmable adder-subtractor, 
phase selector, phase detector, synchronous rectifier, balanced modulator, integrator, ramp 
generator, track and hold, sample and hold, sine wave OSCillator, multivibrator, active filter, 
programmable power supply, comparator, multiplying D/A converter). 

Input capacitance and stability, capacitive feedback compensation, guidelines for 
compensation requirements. 

General Sample and Hold information and fourteen specific applications, including filtered 
Sample & Hold DAC de-glitcher, Integrate-HOld-Reset, gated op amp, etc 

Noise model and equations, procedure for computing total output noise, example, broadband 
noise measurement, spot noise prediction techniques, typical spot noise curves, popcorn 
noise discussion. 

Internal schematic, prototyping considerations, frequency compensation, performance 
enhancement methods, applications. 

Video applications, video response tests, SIN ratio measurements, power supply 
requirements temperature considerations, design hints, prototyping tips, RF AGO amplifier, 
DC gain controlled video amplifier. 

538 Monolithic SampleIHoid Description and electrical specifications for the HA-5320 SampleIHold Amplifier, explanation 

540 

541 

544 

546 

Combines Speed and of errors sources, and HA-5320 .applications. 
Precision 

HA-5170 Precision Low 
Noise J-FET Input 
Operational Amplifier 

Using HA-253912540 
Very High Slew-Rate 
Wideband Operational 
Amplifiers 

Micropower Op Amp 
Family, HA-514X, and 
HA-515X 

A Method of Calculating 
HA-2625 Gain 
Bandwidth Product vs 
Temperature 

Internal design and technology, J-FET noise discussion, trimming of offset voltage, single op 
amp Instrumentation Amplifier, sine wave oscillator, high impedance transducer interface, 
current source/sink and current sense circuits. 

Prototyping considerations, output short circuit protection, offset voltage adjustment, 
frequency compensation, composite amplifier scheme, DC error reduction, boosting output 
current, increasing output signal swing, cascade amplifier, video gain block, high frequency 
oscillator, wideband Signal splitter. 

Operation, noise performance, applications (remote sensor loop transmitter, charge pool 
power supply, low power microphone preamplifier, AGO with squelch control, Wein bridge 
oscillator, bar code scanner, monostable multivibrator). 

A method of calculating Gain Bandwidth product performance versus temperature for the HA-
2625 OpAmp. 

See page Iv for information on Ordering Literature 
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Application Note Abstracts (Continued) 

ANI mLE 

548 A Designer's Guide for 
. the HA-5033 Video 
Buffer 

549 The HC-550X 
Telephone Subscriber 
Une Interface Circuit 

550 Using the HA-2541 

551 Recommended Test 
Procedures for 
Operational Amplifiers 

552 Using the HA-2542 

553 Using the HA-5147/ 
5137/5127 

554 Low Noise Family 
HA-5101/5102151041 
511215114 

556 Thermal Safe-
Operating-Areas for 
High Current Op Amps 

558 Using the HV1205ACto 
DC Converter 

571 Using Ring Sync with 
HC-5502A and HC5504 
SUCs 

573 The HC-5560 Digital 
Une Transcoder 

574 Understanding PCM 
Coding 

607 Delta Modulation for 
Voice Transmission 

9006 HV-2405E Operation 
from Full Bridge 

9101 High Current Off Une 
Power Supply 

A007 Using the 8048/8049 
Monolithic Log-Anti-Log 
Amplifiers 

A013 Everything You Always 
Wanted to Know About 
the 8038 

ABSTRACTS 

Operation, video performance, video parameter specifications, Y parameters, applications 
(flash converter pre-driver, coaxial line driver, video gain block, high speed sample and hold, 
audio drivers. crystal oscillator). 

Complete description of device functionality and applications of SUC. 

Prototyping guidelines, thermal considerations and heat sinking, performance 
enhancements, applications (Wein bridge OSCillator, high power gain stage, video stage with 
clamp, multiplexer/demultiplexer, disk drive write amplifier, gain programmable amp, 
composite amp). 

Operational amplifier test procedures for offset voltage, bias current, offset current, power 
supply rejection ratio, common mode rejection ratio, output voltage swing, output current, 
open loop gain, slew rate, full power bandwidth, transient response, settling time, GBp, phase 
margin. noise voltage and current, and channel separation. 

Protolyping guidelines, thermal considerations and heat sinking, performance 
enhancements, applications (multi-channel security system, unbalanced coaxial driver, flash 
converter driver, programmable power supply, bridge load driver, high current stage, 
differential line driver, DC motor speed control). 

Construction and operation, low noise design applications (instrumentation amplifier bridge 
sensor, multiplexer, preciSion threshold detector, audio driver, NAB amplifier, multivibrator, 
programmable gain stage, log amp, professional mixer). 

Low noise design, operation, applications (Electronic scales, programmable attentuator, 
Baxandal circuit, RIAA amplifl8r, NAB preamplifier, microphone amplifier, standard and simple 
biquads, professional mixer. 

Thermal management equations and curves indicating areas of VOUT and lOUT for safe 
operation. Also, the effects of packaging and heat sinking are examined. 

Explains the basic theory of operation of the HV-1205. Presents a discussion of external 
components required for operation, PC board layout recommendations and safety 
considerations. 

Describes use of the SUCs Ring Synchronization pin and why you should use it. 

Full functional and applications description of HC-5560 transcoder and line codes. 

The process of converting analog voice signals into Time Division Multiplexed (TOM) Pulse 
Code Modulated (PCM) format Is described and illustrated. 

Introduction to delta modulation coding techniques, 4 general applications, including digital 
transmission encryption, voice scrambling and audio delay. Also CVSD evaluation guidelines. 

A brief discussion of function of the source resistor (R1) and the benefits of using a bridge 
rectifier to reduce the power dissipation in R1. Presents several points to be kept in mind when 
implementing the full bridge (i.e. safety aspects, filtering of output so device will reset for the 
next cycle and circuit operation veriflC8tion with test equipment). 

Explains the basic theory of operation of the HV-120512405E and shows how to increase the 
maximum output current from SOmA to greater than 25OmA. A detailed description of the 
circuit operation, to achieve the higher currents, is presented along with suggestions for 
external component selection. 

Describes in detall the operation of the ICL8048 logarithmic amplifier, and Its counter-part, the 
ICL8049 anti-log amp. 

This note includes 17 of the most asked questions regarding the use of the ICL6038. 

See page Iv for Information on Ordering liIIIralura 
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Application Note Abstracts (Continued) 

ANI 
A027 

A040 

A051 

A053 

5290 

5296 

5337 

5360 

5766 

6048 

60n 
6157 

6182 

6247 

6257 

6386 

6459 

6472 

6525 

6668 

6669 

6732 

6818 

6915 

6998 

7037 

7127 

7174 

7175 

7304 

TITLE 

Power Supply Design 
Using the IC18211 and 
ICL.8212 

A Precision Four 
Quadrant Multiplier -
The 8013 

Principles and 
Applications of the 
ICL7660CMOS Voltage 
Converter 

The ICL7650 - A New 
Era in Glitch-Free 
Chopper Stabilizer 
Amplifiers 

General Purpose Op 
Amps 

CA3018 

CA3028 

FM IF Amplifiers 

CA3020 

CA3094 

CA3094 

CA3085 

CA3059 

CA3126 

CA3089 

CA3130 

CA3130 

CA3126 

ICHandling 

CA3060 

CA3240 

Noise Measurement 

CA3260 

CA1524 

Telecom 

Telecom 

CA3420 

CA1524 

CA3217 

SCA Protection 

8636 Video Devices 

8707 CA3450 

8742 CD22402 

8811 CA5470 

ICE-402 Operating 
Considerations 

ABSTRACTS 
Explains the operation of the IC18211/12 and describes various power supply configurations. 
Included are positive and negative voltage regulators, constant current source, programmable 
current source, current limiting, voltage crowbarring, power supply window detector, etc. 

Describes, in detail, the operation of the ICL6013 analog multiplier. Included are 
mUltiplication, division, and square root applications. 

Describes internal operation of the ICL7660. Includes a wide range of possible applications. 

A brief discussion of the internal operation of the ICL7650, followed by an extensive 
applications section including amplifiers, comparators, log-amps, pre-amps, etc. 

Discusses various uses of op amps. 

Transistor Array 

RF amplifiers in the HF and VHF ranges. 

Discusses differential amplifier configurations. 

Multipurpose wideband power amplifiers 

Programmable power switch/amplifier. 

OTA with power capability. 

Monolithic voltage regulators. 

Zero-voltage switches. 

Chroma processing IC using sample and hold circuit techniques. 

FM IF Subsystem. 

Understanding BiMOS op amps. 

Why and how to use the BiMOS op amp. 

A chrominance demodulator IC with dynamic flesh correction. 

Guide to IC handling. 

High performance OTA. 

BiMOS op amp mates directly to system sensors. 

Measurement of burst noise and .popcorn" noise in ICs. 

OTA simplifies complex analog designs. 

Pulse-width modulators. 

Telephony in Digital Evolution. 

Logarithmic units of measure in telecommunications. 

BiMOS amplifier circumvents low voltage limitations. 

Pulse-width modulator in an electronic scale. 

Integrated NTSC chrominancelluminance processor 

Discusses SCA Protection Circuits for ICs. 

Discusses advanced video speed switches, multiplexers, cross points and buffer amplifiers. 

Single chip video line driver-high speed op amp. 

Sync Generator 

BiMOS-E process enhances quad op amp. 

Discusses operating considerations for solid state devices. 

See page Iv lor Information on Ordering Literature 
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Spice Model Listing 

PART PART 
NUMBER DESCRIPTION NUMBER DESCRIPTION 

CA3227 3.ooHz NPN Arrays (See Data Sheet for HA-2B42 Wideband, High Slew Rate, High Drive, 
ModeQ Video, +2 Stable, Single 

CA3246 3.ooHz NPN Arrays (See Data Sheet for HA-2B50 Low Power, High Slew Rate, Wideband, 
Model) +10 Stable, Single 

HA-2500 Precision, High Slew Rate, Single HA-5002 Wideband, High Slew Rate Buffer 

HA-2502 Precision, High Slew Rate, Single HA-5004 100MHz Current Feedback Video Amplifier 

HA-2510 High Slew Rate, Single HA-5020 100MHz Current Feedback Video Amplifier 

HA-2512 High Slew Rate, Single HA-5033 Video Buffer 

HA-2520 +3 Stable, High Slew Rate, Single HA-5101 Low NOise, High Performance, Single 

HA-2522 +3 Stable, High Slew Rate, Single HA-51 02 Low NOise, High Performance, Dual 

HA-2539 Very High Slew Rate, Wideband, +10 Stable, HA-5104 Low Noise, High Performance, Quad 
Single 

HA-5112 Low Noise, High Performance, +10 Stable, 
HA-2540 Wideband, Fast Settling, +10 Stable, Single Dual 

HA-2541 Wideband, Fast Settling, Unity Gain Stable, HA-5114 Low Noise, High Performance, +10 Stable, 
Single Quad 

HA-2542 Wideband, High Slew Rate, High Output HA-5127 Low Noise, Precision, Unity Gain Stable, 
Current, +2 Stable, Single Single 

HA-2544 Precision, High Slew Rate, Unity Gain Stable, HA-5137 Low Noise, Precision, +5 Stable, Single 
Single 

HA-5147 Low Noise, Precision, +10 Stable, Single 
HA-2548 PreciSion, High Slew Rate, Wideband, 

+5 Stable, Single HA-5190 Wideband, Fast-settling, +5 Stable, Single 

HA-2600 Wideband, High Input Impedance, Single HA-5221 Low Noise, Wideband, Precision, Single 

HA-2602 Wideband, High Input Impedance, Single HA-5222 Low Noise, Wideband, Precision, Dual 

HA-2620 Very Wideband, Uncompensated, +5 Stable, "HC-5509B Spare Op Amp On Board Subscriber Line IC 
Single (SLlC) 

HA-2622 Very Wideband, Uncompensated, +5 Stable, HFA-oQ01 Ultra High Slew Rate, Single 
Single 

HFA-oQ02 Low Noise, Ultra High Speed, Wideband, 
HA-2B39 Very High Slew Rate, Wideband, +10 Stable, +10 Stable, Single 

Single 
HFA-0005 Ultra High Slew Rate, Single 

HA-2B40 Very High Slew Rate, Wideband, +10 Stable, 
Single HFA3046, 8GHz NPN, 5.5GHz PNP Arrays 

HFA3096, 
HA-2B41 Wideband, Fast Settling, Unity Gain Stable, HFA3127, 

Video, Single HFA3128 

NOTE:" Macromodells on disk but App Note does not exist. 

See page iv lor inlormation on Ordering Literature 
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Linear and Telecom Package Selection Guide 
Using the Selection Guide: 

The first character of each entry indicates the package type. while the number preceding the decimal pOint details the pack
age lead count. Except for Can packages. the decimal pOint and succeeding numbers specify the package width in inches 
(e.g .. 15 = 150 mil width). The entire entry indicates the table containing the appropriate package dimensions (e.g. 8 lead 
PDIP dimension are detailed in Table E8.3). The index on page 11-1 lists page numbers for PDIp, SOIC. PLCC. CDIp, Side
braze and Can tables. 

PART NUMBER POIP SOIC PLCC COIP SIOEBRAZE CAN 

CA124 E14.3 M14.l5 - - - -
CA139l ES.3 - - - - -
CA1394 EB.3 - - - - -
CA139 E14.3 M14.l5 - F14.3 - -
CA145B EB.3 - - - - TB.C 

CA155B EB.3 - - - - TB.C 

CA15B ES.3 MS.15 - - - TS.C 

CA224 E14.3 M14.l5 - - - -
CA239 E14.3 M14.l5 - F14.3 - -
CA25B EB.3 MB.15 - - - TB.C 

CA2904 EB.3 MB.15 - - - -
CA301B - - - - - T12.B 

CA3020 - - - - - T12.B 

CA302B EB.3 MS.15 - - - TB.C 

CA3039 - M14.15 - - - T12.B 

CA3045 - - - F14.3 014.3 -
CA3046 E14.3 M14.15 - - - -
CA3049 - - - - - T12.B 

CA3053 ES.3 MB.15 - - - TB.C 

CA3054 E14.3 M14.15 - - - -
CA3060 E16.3 - - - - -
CA307B EB.3 MS.15 - - - TB.C 

CA30S0 EB.3 MB.15 - - - TB.C 

CA30B1 E16.3 M16.15 - F16.3 - -
CA30B2 E16.3 M16.15 - F16.3 - -
CA30B3 E16.3 M16.15 - F16.3 - -
CA30B6 E14.3 M14.15 - F14.3 - -
CA30B9 E16.3 M20.3 - F16.3 - -
CA3094 EB.3 MB.15 - - - TB.C 

CA3096 E16.3 M16.15 - - - -
CA309S EB.3 - - - - -

EXAMPLE: M 16 _15 

PACKAGE...J T L BODY 
TYPE LEAD WIDTH 

COUNT 
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Linear and Telecom Package Selection Guide (Continued) 

PART NUMBER PDIP SOIC PLCC CDIP SIDEBRAZE CAN 

CA31 00 EB.3 MB.15 - - - TB.C 

CA3102 E14.3 M14.15 - - - -
CA3126 E16.3 M20.3 · · · · 
CA3127 E16.3 M16.15 · F16.3 · -
CA3130 EB.3 MB.15 · · · TB.C 

CA3140 EB.3 MB.15 · · · TB.C 

CA3141 E16.3 · · · - -
CA3146 E14.3 M14.15 · · · · 
CA3160 EB.3 · · · · TB.C 

CA31S3 E16.3 M16.15 · · · · 
CA31S9 E16.3 · · · · · 
CA3193 ES.3 · · · · TS.C 

CA3194 E24.6 · · · · · 
CA3217 E2S.6 · · · · · 
CA3227 E16.3 M16.15 · - · · 
CA324 E14.3 M14.15 · · - · 
CA3240 EB.3. E14.3 · · · · -
CA3246 E14.3 M14.15 · · · · 
CA3256 E1B.3 M20.3 · · · · 
CA3260 ES.3 · · · · TB.C 

CA32S0 E16.3 · · F16.3 · · 
CA3290 ES.3. E14.3 · · · · TB.C 

CA339 E14.3 M14.15 · F14.3 · · 
CA3420 EB.3 · · · · TS.C 

CA3440 ES.3 MS.15 · · · TB.C 

CA3450 E16.3 · · · · · 
CA35B EB.3 MB.15 · · · TB.C 

CA5130 EB.3 MB.15 · · · TB.C 

CA5160 EB.3 MB.15 · · - TB.C 

CA5260 EB.3 MB.15 · · · TB.C 

CA5420 EB.3 MB.15 · · · TB.C 

CA5470 E14.3 M14.15 · · · -
CA555 EB.3 MB.15 · · · TB.C 

CA741 EB.3 · · · - TB.C 

C0221 00 E16.3 · · F16.3 016.3 · 
C022101 E24.6 · · F24.6 · · 
C022102 E24.6 · - F24.6 · · 

EXAMPLE: M 16 .15 

PACKAGE...J T L BODY 
TYPE LEAD WIDTH 

COUNT 
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Linear and Telecom Package Selection Guide (Continued) 

PART NUMBER PDIP SOIC PLCC CDIP SIDEBRAZE CAN 

CD22103A E16.3 · · · D16.3 · 
CD22202 E1B.3 · - · · · 
CD22203 E18.3 · · · · · 
CD22204 E14.3 M24.3 · · · · 
CD22301 E1B.3 · · · · · 
CD22354A E16.3 · · · · · 
CD22357A E16.3 · · · · · 
CD22402 E24.6 · · · D24.6 · 
CD22859 E16.3 · · · · · 
CD22M3493 E40.6 · N44.65 · · · 
CD22M3494 E40.6 · N44.65 · · · 
CD74HC22106 E2B.6 · · · · · 
HA·2400 · · · F16.3 · · 
HA·2404 · · · F16.3 · · 
HA·2405 E16.3 · N20.35 F16.3 · · 
HA·2406 E16.3 M16.3 · F16.3 · · 
HA·2420 · · · F14.3 · · 
HA·2425 E14.3 M14.15 N20.35 F14.3 · · 
HA·2444 E16.3 M16.3 · · · · 
HA·2500 · · · FB.3A · T8.C 

HA·2502 · · · FB.3A · TB.C 

HA·2505 EB.3 · N20.35 FB.3A · TB.C 

HA·2510 · · · FB.3A · TB.C 

HA·2512 · · · FB.3A · TB.C 

HA·2515 EB.3 · · FB.3A · TB.C 

HA·2520 · · · FB.3A · TB.C 

HA·2522 · · · FB.3A · TB.C 

HA·2525 EB.3 MB.15 N20.35 FB.3A · TB.C 

HA·2529 EB.3 MB.15 · FB.3A · TB.C 

HA-2539 E14.3 M14.15 N20.35 F14.3 - -
HA-2540 E14.3 M14.15 N20.35 F14.3 - -
HA-2541 - - - F14.3 - T12.C 

HA·2542 E14.3 - - F14.3 - T12.C 

HA·2544 EB.3 MB.15 N20.35 FB.3A - TB.C 

HA-2546 E16.3 M16.3 - F16.3 · -
HA·2547 · - - F16.3 - -
HA-2548 EB.3 M16.3 - · DB.3 TB.C 

EXAMPLE: M 16 .15 

PACKAGE..J T L BODY 
lYPE LEAD WIDTH 

COUNT 
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Linear and Telecom Package Selection Guide (Continued) 

PART NUMBER PDIP SOte PLCC CDIP SIDEBRAZE CAN 

HA·2556 E16.3 M16.3 · F16.3 · · 
HA·2557 E16.3 M16.3 · F16.3 · · 
HA·2600 · · · FS.3A · TS.C 

HA·2602 · · · FS.3A · TS.C 

HA·2605 EB.3 MB.15 N20.35 FB.3A · TS.C 

HA·2620 · · · FB.3A · TS.C 

HA·2622 · · · FB.3A · TS.C 

HA·2625 EB.3 MS.15 N20.35 FB.3A · TB.C 

HA·2640 · · · FB.3A · TB.C 

HA·2645 · · · FB.3A · TS.C 

HA·2705 EB.3 MB.15 · · · TS.C 

HA·2B39 E14.3 · · F14.3 · · 
HA·2B40 EB.3, E14.3 MB.15 · FS.3A, F14.3 · · 
HA·2S41 EB.3, E14.3 MS.15 · · · · 
HA·2B42 EB.3, E14.3 MS.15 · · · · 
HA·2S50 EB.3, E14.3 MB.15 · FB.3A, F14.3 · · 
HA-4741 E14.3 M16.3 N20.35 F14.3 · · 
HA·4900 · · · F16.3 · · 
HA-4902 · · · F16.3 · · 
HA·4905 E16.3 M16.3 N20.35 F16.3 · · 
HA·5002 EB.3 MS.15 N20.35 FB.3A · TS.C 

HA·5004 E14.3 M14.15 · F14.3 · · 
HA·5020 EB.3 MS.15 · FB.3A · · 
HA·5022 E16.3 M16.15 · F16.3 · · 
HA·5023 ES.3 M6.15 · F8.3A · · 
HA·5024 E20.3 M20.3 · F20.3 · · 
HA·5025 E14.3 M16.3 · F14.3 · · 
HA·5033 E8.3 · N20.35 · · T12.C 

HA·5101 E8.3 M8.15 N20.35 F8.3A · T8.C 

HA·51 02 E8.3 M16.3 N20.35 F8.3A · TS.C 

HA·51 04 E14.3 M16.3 N20.35 F14.3 · · 
HA·5111 E8.3 M8.15 · F8.3A · TS.C 

HA·5112 E8.3 M16.3 · F8.3A · T8.C 

HA·5114 E14.3 M16.3 N20.35 F14.3 · · 
HA·5127 E8.3 M8.15 · F8.3A · TS.C 

HA·5130 · · · F8.3A · TS.C 

HA·5134 · · · F14.3 · · 
EXAMPLE: M 16 .15 

PACKAGEJ T L BODY 
TYPE LEAD WIDTH 

COUNT 
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Linear and Telecom Package Selection Guide (Continued) 

PART NUMBER PDIP SOIC PLCC CDIP SIDEBRAZE CAN 

HA-5135 - - - FS.3A - TB.C 

HA-5137 ES.3 MS.15 - FS.3A - TB.C 

HA-5142 ES.3 M16.3 - FS.3A - TB.C 

HA-5144 E14.3 M16.3 N20.35 F14.3 - -
HA-5147 ES.3 - - FS.3A - TB.C 

HA-5160 - - - - - TB.C 

HA-5162 - - - - - TB.C 

HA-5170 - - - FS.3A - TB.C 

HA-51n ES.3 MS.15 - FS.3A - TS.C 

HA-5190 - - - F14.3 - T12.C 

HA-5195 - M14.15 - F14.3 - T12.C 

HA-5221 ES.3 MS.15 - FS.3A - TS.C 

HA-5222 E16.3 M16.3 - FS.3A - -
HA-5232 ES.3 M16.3 - FS.3A - -
HA-5234 E14.3 M16.3 - F14.3 - -
HA-5320 E14.3 M16.3 - F14.3 - -
HA-5330 E14.3 - - F14.3 - -
HA-5340 E14.3 M16.3 - F14.3 - -
HA-5350 E14.3 M14.15 - F14.3 - -
HA-5351 EB.3 MB.15 - FB.3A - -
HA-5352 E14.3 M1S.3 - F14.3 - -
HA-5354 E1S.3 M1S.3 - F1S.3 - -
HA-7210 ES.3 MS.15 - - - -
HC-5502B E24.6 M24.3 N2S.45 F24.6 - -
HC-5504B E24.6 M24.3 N2S.45 F24.6 - -
HC-55040LC E24.6 M24.3 N2S.45 F24.6 - -
HC-5509B E2S.6 M2S.3 N44.65 F2S.6 - -
HC-5524 E2S.6 M2S;3 N44.65 F2S.6 - -
HC-55536 E14.3 - - F14.3 - -
HC-55564 E14.3 - - F14.3 - -
HC-5560 E20.3 - - - - -
HFA-0001 ES.3 M16.3 - - 014.3 -
HFA-0002 ES.3 MS.15 - - OS.3 TS.C 

HFAOOO3 ES.3 MS.15 - - OS.3 -
HFAOOO3L E16.3 M16.15 - - 016.3 T10.B 

HFAOOO5 ES.3 MS.15 - - OS.3 TS.C 

HFA1100 ES.3 MS.15 - FS.3A - -
EXAMPLE: M 16 _15 

PACKAGE -.J T L BODY 
TYPE LEAD WIDTH 

COUNT 

11-7 



Linear and Telecom Package Select/on Guide (Continued) 

PART NUMBER PDIP SOIC PLCC CDIP SIDE BRAZE CAN 

HFAll05 ES.3 MS.15 · FS.3A · · 
HFAll06 ES.3 MS.15 · FS.3A · · 
HFAlll0 ES.3 MB.15 · FS.3A · · 
HFA1112 ES.3 MS.15 · FS.3A · · 
HFA1113 ES.3 MS.15 · FS.3A · · 
HFA1120 ES.3 MS.15 · FS.3A · · 
HFAI130 ES.3 MS.15 · FS.3A · · 
HFA1135 ES.3 MS.15 · FS.3A · · 
HFAII45 EB.3 MS.15 · FS.3A · · 
HFA3046 · M14.15 · · · · 
HFA3096 · M16.15 · · · · 
HFA3127 · M16.15 · · · · 
HFA312B · M16.15 · · · · 
HFA5250 · M2S.3 · · · · 
ICL7611 ES.3 MS.15 · · · TB.C 

ICL7612 EB.3 MS.15 · · · TS.C 

ICL7621 EB.3 MS.15 · · · TS.C 

ICL7641 E14.3 · · · · · 
ICL7642 E14.3 · · F14.3 · · 
ICL7650S ES.3. E14.3 MS.15. M14.15 · F14.3 · TS.C 

ICLB013 · · · · · Tl0.C 

ICLB03B E14.3 · · F14.3 · · 
ICLS04B · · · F16.3 · · 
ICLB049 · · · F16.3 · · 
ICM7242 ES.3 MS.15 · · · · 
ICM7555 EB.3 MS.15 · · · TS.C 

ICM7556 E14.3 · · F14.3 · · 
LM145S ES.3 · · · · TS.C 

LM155B · · · · · TB.C 

LM2902 E14.3 M14.15 · · · · 
LM2904 ES.3 · · · · · 
LM324 E14.3 · · · · · 
LM339 E14.3 · · · · · 
LM35S EB.3 · · · · · 
LM555 EB.3 · · · · TS.C 

LM741 ES.3 · · · · TS.C 

EXAMPLE: M 16 .15 

PACKAGEJ T L BODY 
TYPE LEAD WIDTH 

COUNT 
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p ac k age u Ines o tl" 
Dual-In-Line Plastic Packages 

E8.3 (JEDEC M9-001-AB) 

.~~ 8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 

·~,-C:Qt 
-2- ; 

INCHES MILLIMETERS 
B1 MAX ! 

2 FIGURE 2 

SYMBOL MIN MAX MIN MAX NOTES 
AREA 

A - 0.210 . 5.33 4 
.11-

~. D -I I,=E=;1 

AI 0.015 - 0.39 - 4 

A2 0.115 0.195 2.93 4.95 -

-~~~m 
B 0.014 0.022 0.356 0.558 -

PLANE\. -c- A2 A 
Bl 0.045 0.070 1.15 l.n 9 

.. ~~,. • m ., ~~~,~ 
C 0.008 0.G15 0.204 0.381 -
0 0.348 0.430 8.84 10.92 5 

01 0.005 - 0.13 - -
E 0.300 0.325 7.62 8.25 6 I$i 0.01 0(0.25)@ c I A I B@ ea 
El 0.240 0.280 6.10 7.11 5 

FIGURE 1 
0.100 BSC 2.54BSC e -

eA 0.300BSC 7.62 BSC 6 

ee - 0.430 - 10.92 7 

L 0.115 0.160 2.93 I 4.06 4 

N 8 8 8 

E14.3 (JEDEC M9-001-AC) E16.3 (JEDEC M9-001-AA) 
14 LEAD DUAL-IN-UNE PLASTIC PACKAGE 16 LEAD DUAL-IN-UNE PLASTIC PACKAGE 

INCHES MILUMETERS INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES SYMBOL MIN MAX MIN MAX NOTES 

A - 0.210 - 5.33 4 A - 0.210 - 5.33 4 

AI 0.015 - 0.39 - 4 AI 0.G15 - 0.39 - 4 

A2 0.115 0.195 2.93 4.95 - A2 0.115 0.195 2.93 4.95 -
B 0.014 0.022 0.356 0.558 - B 0.014 0.022 0.356 0.558 -
Bl 0.045 0.070 1.15 l.n 9 Bl 0.045 0.070 1.15 l.n 9 

C 0.008 0.G15 0.204 0.381 - C 0.008 0.015 0.204 0.381 -
0 0.725 0.795 18.42 20.19 5 0 0.745 0.840 18.93 21.33 5 

01 0.005 - 0.13 - - 01 0.005 - 0.13 - -
E 0.300 0.325 7.62 8.25 6 E 0.300 0.325 7.62 8.25 6 

El 0.240 0.280 6.10 7.11 5 El 0.240 0.280 6.10 7.11 5 

e O.I00BSC 2.54BSC - e 0.100 BSC 2.54BSC -
eA 0.300BSC 7.62BSC 6 eA 0.300BSC 7.62 BSC 6 

ee - 0.430 - 10.92 7 ea - 0.430 - 10.92 7 

L 0.115 0.160 2.93 4.06 4 L 0.115 0.160 2.93 4.06 4 

N 14 14 8 N 16 16 8 

NOTES: 

1. Controlling Dimensions: Inch. In case of conflict between English 6. E and ~ are measured with the leads constrained to be per-
and Metric dimensions, the inch dimensions control. pendicular to plane C. 

2. Dimensioning and toleranclng per ANSI YI4.5M-1982. 7. ee and Bc are measured at the lead tips with the leads uncon-

3. Symbols are defined in the "MO Series Symbol Lisr In Section strained. Bc must be zero or greater. 

2.2 of Publication No. 95. 8. N Is the maximum number of terminal posHions. 

4. Dimensions A, Aland L are measured with the package seated 9. Comer leads (1, N, NI2 and NI2 + 1) may be configured as 
in JEOEC seating plane gauge GS-3. shown in Figure 2. 

5. 0 and El dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shail not exceed 0.010 inch (0.25mm). 
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Package Outlines 

Dual-In-Line Plastic Packages (Continued) 

~~ 
E18.3 (JEDEC M8-001·AD) 

·~-bTIt 
2 : 

18 LEAD DUAL·IN·L1NE PLASTIC PACKAGE 

B1 ~AX i INCHES MILLIMETERS 

AREA SYMBOL MIN MAX MIN MAX NOTES 

.a. FIGURE 2 A · 0.210 · 5.33 4 

:l E D -I Ir=E:;1 

Al 0.015 · 0.39 · 4 

A2 0.115 0.195 2.93 4.95 · 

~'~~m 
B 0.014 0.022 0.356 0.558 · PLANE\. . -c- A2 A 

§~~~ • ~ .. ~~!c~ 
Bl 0.045 0.070 1.15 1.77 9 

C 0.008 0.015 0.204 0.381 · 
0 0.845 0.925 21.47 23.49 5 

01 0.005 · 0.13 · · 
~ O.OlO(O.25)@ c I A JB@ 88 E 0.300 0.325 7.62 8.25 6 

FIGURE 1 El 0.240 0.280 6.10 7.11 5 

8 O.l00BSC 2.54BSC · 
8A 0.300BSC 7.62 BSC 6 

88 · 0.430 · I 10.92 7 

L 0.115 0.160 2.93 4.06 4 

N 18 18 8 

E20.3 (JEDEC M8-001-AE) E22.4 (JEDEC M8-01G-AA) 
20 LEAD DUAL·IN·L1NE PLASTIC PACKAGE 22 LEAD DUAL.JN·LINE PLASTIC PACKAGE 

INCHES MILLIMETERS INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES SYMBOL MIN MAX MIN MAX NOTES 

A . 0.210 . 5.33 4 A · 0.210 · 5.33 4 

Al 0.G15 . 0.39 . 4 Al 0.015 · 0.39 · 4 

A2 0.115 0.195 2.93 4.95 · A2 0.125 0.195 3.18 4.95 · 
B 0.014 0.022 0.356 0.558 · B 0.014 0.022 0.356 0.558 · 
Bl 0.045 0.070 1.55 1.77 9 Bl 0.030 0.070 0.77 1.77 9 

C O.OOB 0.015 0.204 0.381 · C 0.008 0.015 0.204 0.381 · 
0 0.925 1.060 23.5 26.9 5 0 1.150 1.120 26.67 28.44 5 

01 0.005 . 0.13 . - 01 0.005 · 0.13 · · 
E 0.300 0.325 7.62 8.25 6 E 0.390 0.425 9.91 10.79 6 

El 0.240 0.280 6.10 7.11 5 El 0.330 0.380 8.39 9.65 5 

e 0.100 BSC 2.54BSC - e 0.100BSC 2.54BSC -
eA 0.300BSC 7.62BSC 6 eA O.400BSC 10.16BSC 6 

es . 0.430 . 10.92 7 eB · 0.500 · 12.70 7 

L 0.115 0.160 2.93 4.06 4 L 0.115 0.160 2.93 4.06 4 

N 20 20 8 N 22 22 8 

NOTES: 
1. Controlling Dimensions: Inch. In csse of conflict between EngUsh 6. E and ~ are m8BSured with the leads constrained to be per· 

and Metric dimensions, the inch dimensions control. pendicular to plane C. 
2. Dimensioning and tolersncing per ANSI Y14.5M-1982. 7. eB and eo are messured at the lead tips with the leads uncon· 
3. Symbols are defined In the "MO Series Symbol List" In Section strained. ec must be zero or greater. 

2.2 01 Publication No. 95. 8. N Is the maximum number of terminal positions. 
4. Dimensions A, Aland L are measured with the package seated 9. Corner leads (1, N, NI2 and NI2 + 1) may be configured ss 

In JEDEC seating plane gauge GS-3. shown In Figure 2. 
5. 0 and El dimensions do not Include mold flssh or protrusions. 

Mold Iissh or protrusions shall not exceed 0.010 Inch (0.25mm). 
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Package Outlines 

Dual-In-Line Plastic Packages (Continued) 

... ~ E24.3 (JEDEC MSo001·AF) 

,~~--CTIt 
-2- : 24 LEAD NARROW BODY DUAL .... N·UNE PLASTIC PACKAGE 

B1 ~AX ! INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 
AGURE2 A - 0.210 - 5.33 4 

~. D -, irE;! 

AI 0.015 - 0.39 - 4 

A2 0.115 0.195 2.93 4.95 -

-mrow.~m 
B 0.014 0.022 0.356 0.558 -PLANE \. -C- A2 A 

",~~- . ~ .. ~~!,~ 
Bl 0.045 0.070 1.15 1.77 9 

C 0.008 0.015 0.204 0.381 -
D 1.125 1.275 28.60 32.30 5 

01 0.005 - 0.13 - -
f$-\O.OlO(O.25)@1 c I A I B®I ee E 0.300 0.325 7.62 8.25 6 

RGURE1 El 0.240 0.280 6.10 7.11 5 

e O.l00BSC 2.54BSC -
NOTES: 

eA 0.300BSC 7.62 BSC 6 
1. Controlling Dimensions: Inch. In case of conflict between English 

eB - 0.430 - 10.92 7 
and Metric dimensions, the Inch dimensions control. 

2. Dimensioning and toleranclng per ANSI Y14.5M-1982. 
L 0.115 0.160 2.93 4.06 4 

3. Symbols are defined In the "MO Series Symbol Lisr in Section 
N 24 24 8 

2.2 of Publication No. 95. 
E28.3 (JEDEC M5-001-AG) 

4. Dimensions A, Aland L are measured with the package seated 28 LEAD NARROW BODY DUAL-IN-UNE PLASTIC PACKAGE 
in JEDEC seating plane gauge GS-3. 

INCHES MILLIMETERS 
5. D and El dimensions do not include mold flash or protrusions. 

SYMBOL MIN MAX MIN MAX NOTES Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 

6. E and Ii] are measured with the leads constrained to be per- A - 0.210 - 5.33 4 

pendicular to plane C. AI 0.015 - 0.39 - 4 

7. 6B and ec are measured at the lead tips with the leads uncon- A2 0.115 0.195 2.93 4.95 -
strained. ec must be zero or greater. 

B 0.014 0.022 0.356 0.558 -
8. N Is the maximum number of terminal positions. 

Bl 0.045 0.070 1.15 1.77 9 
9. Corner leads (I, N, NI2 and NI2 + 1) may be configured as shown 

C o.oOB 0.015 0.204 0.381 -In Figure 2. 
D 1.345 1.425 34.20 36.20 5 

01 0.005 - 0.13 - -
E 0.300 0.325 7.62 8.25 6 

El 0.240 0.280 6.10 7.11 5 

e O.I00BSC 2.54BSC -
eA 0.3OOBSC 7.62BSC 6 

eB - 0.430 - 10.92 7 

L 0.115 I 0.160 2.93 4.06 4 

N 28 28 8 
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Package Outlines 

Dual-In-Line Plastic Packages (Continued) 

E24.6 (JEDEC MSo011·AA) 

'~~-4:::at 
... ~ 24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 

2 , 
INCHES MilliMETERS 

B1 MAX ! 

--Z:GURE2 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.250 - 6.35 4 

Ai 0.015 - 0.39 - 4 

~ A2 0.125 0.195 3.18 4.95 -
• D -I ~E;J 

~, ~m 
B 0.014 0.022 0.356 0.558 -

"""' ~ M ' B1 0.030 0.070 0.77 1.77 9 

'~~~ · ~ ~ .. ~~!c~ C 0.008 0.015 0.204 0.381 -
D 1.150 1.290 29.3 32.7 5 

D1 0.005 - 0.13 - -
E 0.600 0.625 15.24 15.87 6 f$i O.010(O.25)@) c I A I B@ es 

E1 0.485 0.580 12.32 14.73 5 
FIGURE 1 

0.100BSC 2.54BSC e -
eA 0.600BSC 15.24 BSC 6 

es - 0.700 - 17.78 7 

L 0.115 0.200 2.93 5.08 4 

N 24 24 8 

E28.6 (JEDEC MS-011-AB) E40.6 (JEDEC MSo011-AC) 
28 LEAD DUAL-IN-LiNE PLASTIC PACKAGE 40 LEAD DUAL-IN-LiNE PLASnC PACKAGE 

INCHES MILLIMETERS INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES SYMBOL MIN MAX MIN MAX NOTES 

A - 0.250 - 6.35 4 A - 0.250 - 6.35 4 

A1 0.D15 - 0.39 - 4 A1 0.015 - 0.39 - 4 

A2 0.125 0.195 3.18 4.95 - A2 0.125 0.195 3.18 4.95 -
B 0.014 0.022 0.356 0.558 - B 0.014 0.022 0.356 0.558 -

B1 0.030 0.070 0.77 1.77 9 B1 0.030 0.070 0.77 1.77 9 

C 0.008 0.D15 0.204 0.381 - C 0.008 0.D15 0.204 0.381 -
D 1.380 1.565 35.1 39.7 5 D 1.980 2.095 50.3 53.2 5 

D1 0.005 - 0.13 - - D1 0.005 - 0.13 - -
E 0.600 0.625 15.24 15.87 6 E 0.600 0.625 15.24 15.87 6 

E1 0.485 0.580 12.32 14.73 5 E1 0.485 0.580 12.32 14.73 5 

e 0.100BSC 2.54BSC - e 0.100BSC 2.54BSC -
eA 0.600BSC 15.24BSC 6 eA 0.600BSC 15.24 BSC 6 

es - 0.700 - 17.78 7 es - I 0.700 - 17.78 7 

L 0.115 0.200 2.93 5.08 4 L 0.115 I 0.200 2.93 5.08 4 

N 28 28 8 N 40 40 8 

NOTES: 
1. Controlling Dimensions: Inch. In case of conflict between English 6. E and ~ are measured with the leads constrained to be per-

and Metric dimensions, the inch dimensions control. pendicular to plane C. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 7. ea and ec are measured at the lead tips with the leads uncon-
3. Symbols are defined in the "MO Series Symbol Lisr in Section strained. ec must be zero or greatar. 

2.2 of Publication No. 95. 8. N Is the maximum number of terminal positions. 
4. Dimensions A, A 1 and L are measured with the package seated 9. Corner leads (1, N, NI2 and NI2 + 1) may be configured as 

in JEDEC seating plane gauge GS-3. shown in Figure 2. 
5. D and E1 dimensions do not include mold flash or protrusions. 

Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 
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Package Outlines 

Dual-In-Line Plastic Packages (Continued) 

E42.6 

,~~--CTIt B.'~ 42 LEAD DUAL·IN·UNE PLASTIC PACKAGE 
-2- i 

INCHES MILUMETERS B1 MAX i 

2 F1GURE2 
SYMBOL MIN MAX MIN MAX NOTES 

A . 0250 - 6.35 4 

~E D '"I Ir=E~ 
AI 0.015 - 0.39 . 4 

A2. 0.125 0.195 3.18 4.95 · 

'"'wm~~m 
B 0.014 0.022 0.356 0.558 · PLANE\.. -c- A2 A 
Bl 0.030 0.070 0.77 1.77 9 

~~~ . ~ ., ~~~~ C 0.008 0.Q15 0204 0.381 · 
0 1.980 2.095 50.3 53.2 5 

01 0.005 - 0.13 - · 
~ O.010(O.25)@ICI A I B@I ea E 0.600 0.625 15.24 15.87 6 

FIGURE 1 
El 0.485 0.580 12.32 14.73 5 

e 0.100 BSC 2.54BSC · 
NOTES: 

eA 0.800BSC 15.24BSC 6 
1. Controlling Dimensions: Inch. I n case of conflict between English 

ee - 0.700 - 17.78 7 
and Metric dimensions, the Inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M·1982. 
L 0.115 0.200 2.93 5.08 4 

3. Symbols are defined in the "MO Series Symbol usr in Section 
N 42 42 8 

2.2 of Publication No. 95. 
E48.6 (JEDEC MS-OI1-AD) 

4. Dimensions A, Aland L are measured with the package seated 48 LEAD DUAL·IN-UNE PLASTIC PACKAGE 
in JEDEC seating plane gauge GS·3. 

INCHES MILLIMETERS 
5. D and El dimensions do not include mold flash or protrusions. 

SYMBOL MIN MAX MIN NOTES Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). MAX 

6. E and ~ are measured with the leads constrained to be per- A - 0.250 - 6.35 4 

pendicular to plane C. AI 0.015 - 0.39 - 4 

7. Be and BC are measured at the lead tips with the leads uncon- A2. 0.125 0.195 3.18 4.95 · 
strained. BC must be zero or greater. 

B 0.014 0.022 0.356 0.558 · 
8. N is the maximum number of terminal positions. 

Bl 0.030 0.070 0.77 1.77 9 
9. Corner leads (I, N, NI2 and Nl2 + 1) may be configured as shown 

C 0.008 0.Q15 0.204 0.381 · in Figure 2. 
D 2.385 2.480 60.70 63.1 5 

Dl 0.005 - 0.13 - · 
E 0.600 0.625 15.24 15.87 6 

El 0.485 0.580 12.32 14.73 5 

e 0.100BSC 2.54BSC · 
eA 0.600BSC 15.24BSC 6 

ee - 0.700 - 17.78 7 

L 0.115 0.200 2.93 5.08 4 

N 48 48 8 
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Package Outlines 

Small Outline (SOle) Plastic Packages 

f-IB-D-1 
M~--+-01 

:-11-- 1010.10(0.004) I 
RJijO.25(o.o10)@lcIA@la®1 

M14.15 (JEDEC MS·012·AB) 
14 LEAD SMALL OUTLINE PLASTIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.0532 0.0688 1.35 1.75 

A1 0.0040 0.0098 0.10 0.25 

B 0.013 0.020 0.33 0.51 

C 0.0075 0.0098 0.19 025 

D 0.3367 0.3444 8.55 8.75 

E 0.1497 0.1574 3.80 4.00 

e O.050BSC 1.27BSC 

H 0.2284 02440 5.80 6.20 

h 0.0099 0.0196 0.25 0.50 

L 0.016 0.050 0.40 1.27 

N 14 14 

a 0° 8° 00 SO 

NOTES: 

1. Refer to applicable symbollisl 

2. Dimensioning and toleranclng per ANSI Y14.5M-1982. 

NOTES 
. 
-
9 

-
3 

4 

-
-
5 

6 

7 

-

3. Dimenslon·O" does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
O.l5mm (0.006 Inch) per side. 

4. Dimenslon"E" does not include Interlead flash or protrusions. In
terlead flash and protrusions shall nol exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
Index feature must be located within the crosshatched area. 

M8.15 (JEDEC Ms.G12-AA) 
8 LEAD SMALL OUTLINE PLASTIC PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.0532 0.0688 1.35 1.75 -
Al 0.0040 0.0098 0.10 0.25 -
B 0.013 0.020 0.33 0.51 9 

C 0.0075 0.0098 0.19 0.25 -
D 0.1890 0.1968 4.80 5.00 3 

E 0.1497 0.1574 3.80 4.00 4 

e O.050BSC 1.27BSC -
H 0.2284 0.2440 5.80 6.20 -
h 0.0099 0.0196 0.25 0.50 5 

L 0.016 0.050 0.40 1.27 6 

N 8 8 7 

a 00 , 8° 00 SO -
M16.15 (JEDEC MS-012-AC) 
16 LEAD NARROW BODY SMALL OUTUNE PLASTIC PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.0532 0.0688 1.35 1.75 

Al 0.0040 0.0098 0.10 0.25 

B 0.013 0.020 0.33 0.51 

C 0.0075 0.0098 0.19 0.25 

D 0.3859 0.3937 9.80 10.00 

E 0.1497 0.1574 3.80 4.00 

e O.050BSC 1.27BSC 

H 0.2284 0.2440 5.80 6.20 

h 0.0099 0.0196 0.25 0.50 

L 0.016 0.050 0.40 127 

N 16 16 

a 0° 8° 00 8° 

6. "L· is the length of terminal for soldering to a substrate. 

7 .• N" Is the number of terminal positions. 

8. Terminal numbers are shown lor reference only. 

NOTES 

-
-
9 

-
3 

4 

-
-
5 

6 

7 

-

9. The lead width "6., as measured 0.36mm (0.014 inch) or great
er above the seating plane, shall not exceed a maximum value 
of 0.61 mm (0.024 Inch) 

10. Controlling dimension: MILLIMETER. Converted Inch dimen
sions are not necessarily exact. 
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Package Outlines 

Small Outline (SOle) Plastic Packages (Continued) 

N ~~ f fB T !I+I".(.~.@I.@I 
M16.3 (JEDEC M5-013-AA) 
16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 

INCHES MILLIMETERS VkJ SYMBOL MIN MAX MIN MAX NOTES 

(~f'1 A 0.0926 0.1043 2.35 2.65 -
1 2~3~ ~ L~I 

Al 0.0040 0.0118 0.10 0.30 -
B 0.013 0.0200 0.33 0.51 9 

SEATING PLANE C 0.0091 0.0125 0.23 0.32 -
f-ELD-1 Al 1 r- hX 45" 

0 0.39n 0.4133 10.10 10.50 3 

E 0.2914 0.2992 7.40 7.60 4 

~U::gJfilll !--i< ~l e O.050BSC 1.27 BSC· -
H 0.394 0.419 10.00 10.65 -

e~1 ~~1' cJ h 0.010 0.029 0.25 0.75 5 
B -- 1010.10(0.00411 L 0.016 0.050 0.40 1.27 6 

I$l 0.25(0.010) ®I c IA®IB®I N 16 16 7 

a 00 SO 00 I 8° -
M18.3 (JEDEC M5-013-AB) M20.3 (JEDEC M5-013-AC) 
18 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 

INCHES MILLIMETERS INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES SYMBOL MIN MAX MIN MAX NOTES 

A 0.0926 0.1043 2.35 2.65 - A 0.0926 0.1043 2.35 2.65 -
Al 0.0040 0.0118 0.10 0.30 - Al 0.0040 0.0118 0.10 0.30 -
B 0.013 0.0200 0.33 0.51 9 B 0.013 0.0200 0.33 0.51 9 

C 0.0091 0.0125 0.23 0.32 - C 0.0091 0.0125 0.23 0.32 -
0 0.4469 0.4625 11.35 11.75 3 0 0.4961 0.5118 12.60 13.00 3 

E 0.2914 0.2992 7.40 7.60 4 E 0.2914 0.2992 7.40 7.60 4 

e O.050BSC 1.27BSC - e O.050BSC 1.27BSC -
H 0.394 0.419 10.00 10.65 - H 0.394 0.419 10.00 10.65 -
h 0.010 0.029 0.25 0.75 5 h 0.010 0.029 0.25 0.75 5 

L 0.016 0.050 0.40 1.27 6 L 0.Q16 0.050 0.40 1.27 6 

N 18 18 7 N 20 20 7 

a 0° 8° 00 8° - a 00 8° 00 8° -
NOTES: 

1. Refer to applicable symbollisl 6. "LO is the length of terminal for soldering to a substrate. 

2. Dimensioning and toleranclng per ANSI YI4.5M-1982. 7. "N" is the number of terminal positions. 

3. Dimension "0" does not include mold flash, protrusions or gate 8. Terminal numbers are shown for reference only. 
burrs. Mold flash, protrusion and gate burrs shall not exceed 9. The lead width "B", as measured 0.36mm (0.014 Inch) or great-
0.15mm (0.006 inch) per side. er above the seating plane, shall not exceed a maximum value 

4. Dimension "E" does not Include Interlead flash or protrusions. In- of 0.61mm (0.024 inch) 
terlead flash and protrusions shall not exceed 0.25mm (0.010 10. ContrOlling dimension: MILLIMETER. Converted inch dlmen-
Inch) per side. sions are not necessarily exact. 

5. The chamfer on the body Is optional. If It Is not present, a visual 
index feature must be located within the crosshatched area. 
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Package Outlines 

Small Outline (SOle) Plastic Packages (Continued) 

M24.3 (JEDEC M8-0l3-AD) 

N"",,"..L.L..LL.Lj 
24 LEAD WIDE BODY SMAU OUTLINE PLASTIC PACKAGE 

r-tao--j 
~l}gJ--:-+-1ill 

:~ 1-- 1010.10(0.004) I 
f$jO.25(o.o10)@lcIA@IB®1 

NOTES: 

1. Refer to applicable symbol list 

INCHES 

SYMBOL MIN MAX 

A 0.0926 0.1043 

A1 0.0040 0.0118 

B 0.013 0.020 

C 0.0091 0.0125 

D 0.5985 0.6141 

E 0.2914 0.2992 

e 0.05BSC 

H 0.394 0.419 

h 0.010 0.029 

L 0.016 0.050 

N 24 

a OD 8" 

M28.3 (JEDEC M8-013-AE) 

MILLIMETERS 

MIN MAX NOTES 

2.35 2.65 -
0.10 0.30 -
0.33 0.51 9 

0.23 0.32 -
15.20 15.60 3 

7.40 7.60 4 

1.27BSC -
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

24 7 

0" 8D -

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 

3. Dimension "0" does not include mold flash, prolruslons or gale 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 Inch) per side. 

4. Dimension "E" does not include interlead flash or protrusions. In
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it Is not present, a visual 
Index feature must be located within the crosshatched area. 

6. "L" Is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B", as measured O.36mm (0.014 inch) or greater 
above the seating plane. shall not exceed a maximum value of 
0.61 mm (0.024 inch) 

10. Controlling dimension: Millimeter. Converted inch dimensions 
are not necessarily exact. 

SYMBOL 

A 

Al 

B 

C 

D 

E 

e 

H 

h 

L 

N 

a 
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INCHES 

MIN MAX 

0.0926 0.1043 

0.0040 0.0118 

0.013 0.0200 

0.0091 0.0125 

0.6969 0.7125 

0.2914 0.2992 

0.05BSC 

0.394 0.419 

0.01 0.029 

0.016 0.050 

28 

0" 8° 

MILLIMETERS 

MIN MAX NOTES 

2.35 2.65 -
0.10 0.30 -
0.33 0.51 9 

0.23 0.32 -
17.70 18.10 3 

7.40 7.60 4 

1.27 BSC -
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

28 7 

0" 8° -



Package Outlines 

Plastic Leaded Chip Can1er (PLCC) Packages 

0.042 !1.on 0.042 /1 on I"':~---:-~~~ 6':..--:""'''''"''' ..... :... IClI ...... '"'c I 

PI r- I, -'~ !'· .... ·m~ ~~ T=~" 
. I! ~. ! I : ':: = i:EW "A" 

E3 + E1E ~ I 

I 
~! E DIMENSIONED 

....- FROM CENTER TO 
~ CENTER OF RADII ,..., ~ 

11 D3=J ~ b'r:11-- 0.020(0.51) 
f-o -I A1 f- MIN 
~-----D1 A* 
1----- D -----!"Lj 

0.020 (0.51) MAX 
3PLCS 

t(::1 SEAnNG 
L.:::::JPLANE 

0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 

~'tt~~~~:E~ ARE ~J 0.021 (0.53) 
MILUMETER EQUIVALENTS [! 
OF THE BASIC INCH , 
DIMENSIONS 0.025 (0.84) 

0.060 (1.52) MIN 
MIN 

VIEW "A" TYP. 

N28.45 (JEDEC MO-047·AB) 
28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.180 4.20 4.57 -
AI 0.090 0.120 2.29 3.04 -
0 0.485 0.495 12.32 12.57 -
01 0.450 0.456 11.430 11.562 2 

02 0.390 0.430 9.91 10.92 1 

03 0.300 REF 7.62BSC -
E 0.465 0.495 12.32 12.57 -
El 0.450 0.456 11.430 11.562 2 

E2 0.390 0.430 9.91 10.92 1 

E3 0.300 REF 7.62BSC -
N 28 28 3 

NOTES: 

1. To be determined at seating plane. 

2. Dimensions 01 and El do notinclude mold protrusions. Allowable 
mold protrusion Is 0.254mmtO.Ol0 inch. 

3. ON" Is the number of terminal positions. 

4. Controlling dimension: Inch. 

N20.35 (JEDEC MO-047-AA) 
20 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.180 4.20 4.57 

AI 0.090 0.120 2.29 3.04 

0 0.385 0.395 9.78 10.03 

01 0.350 0.356 8.89 9.042 

02 0.290 0.330 7.37 8.38 

03 0.200 REF 5.088SC 

E 0.365 0.395 9.78 10.03 

El 0.350 0.356 8.89 9.042 

E2 0.290 0.330 7.37 8.38 

E3 0.200 REF 5.088SC 

N 20 20 

N44.65 (JEDEC MD-047-AC) 
44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.180 4.20 4.57 

AI 0.090 0.120 2.29 3.04 

0 0.665 0.695 17.40 17.65 

01 0.650 0.656 16.510 16.662 

02 0.590 0.630 14.99 16.00 

03 0.500 REF 12.70BSC 

E 0.665 0.695 17.40 17.65 

El 0.650 0.656 16.510 16.662 

E2 0.590 0.630 14.99 16.00 

E3 0.500 REF 12.70BSC 

N 44 44 
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NOTES 

-
-
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-
-
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-
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Package Outlines 

Plastic Leaded Chip Carrier (PLCC) Packages (Continued) 

0.042 (1.0n ~ 

·h~!i.I'oanwER ........ 101 ....... '.10 I 
\ ~ ,.0.060(1.27)TP 1_. 

~ :" m~T~~l' 
'1'1 \,.( ! I '-:S t-··· 
E3 + E1E = I 

roo- FROM CENTER TO J e DIMENSIONED 

. ~. C~ENTER OF RADII 

'-

11----'~~1t-
.... D1---1 

I-E---- D ---~ 

bit=! f-- 0.020(0.51) 

-I A1 r- MIN 
A_ 

0.020 (0.51) MAX 
3PLCS 0.026 (0.66) 

~~~rG 

0.032 (0.81) 0.013 (0.33) 

DIMENSIONS IN ~ J. 0.021 (0.53) 
PARENTHESES ARE ---I. 
MILUMETER EQUIVALENTS [! 
OF THE BASIC INCH '" 
DIMENSIONS 0.025 (0.64) 

0.060 (1.52) MIN 
MIN 

VIEW "A" TYP. 

NOTE8: 

1. To be determined at seating plane. 

2. Dimensions 01 and E1 do not Include mold protrusions. Allow
able mold protrusion Is 0.254mm1O.010 Inch. 

3. ·N" Is the number of terminal positions. 

4. ContrOlling dlmanslon: Inch. 

N68.95 (JEDEC MO-047-AE) 
68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.200 4.20 5.08 

A1 0.090 0.130 2.29 3.30 

o 0.98~ 0.995 25.02 25.27 

01 0.950 0.958 24.13 24.33 

D2 0.890 0.930 22.61 23.62 

03 0.800 REF 20.32BSO 

E 0.985 0.995 25.02 25.27 

E1 0.950 0.958 24.13 24.33 

E2 0.890 0.930 22.61 23.62 

E3 0.800 REF 20.3288C 

N 68 68 

N84.115 (JEDEC MO-047-AF) 
84 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.200 4.20 5.08 

A1 0.090 0.130 2.29 3.30 

o 1.185 1.195 30.10 30.35 

D1 1.150 1.158 29.210 29.413 

D2 1.090 1.130 27.89 28.70 

D3 1.000 REF 25.40BSO 

E 1.185 1.195 30.10 30.35 

E1 1.150 1.158 29.210 29.413 

E2 1.090 1.130 27.69 28.70 

E3 1.000 REF 25.40880 

N 84 84 
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Package Outlines 

Dual-In-Line Frit-Seal Ceramic Packages 

NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat· 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limns of lead dimensions band c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is appllad. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and Nl2+ 1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension bl. 

5. This dimension allows for off-<:enter lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension Sl at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M ·1982. 

10. ContrOlling Dimension: Inch 

F8.3A MIL-STD-l835 GDIP1-TS (D-4, CONFIGURATION A) 
8 LEAD DUAL-IN-UNE FRIT·SEAL CERAMIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A · 0.200 · 5.08 · 
b 0.014 0.026 0.36 0.66 2 

bl 0.014 0.023 0.36 0.58 3 

b2 0.045 0.065 1.14 1.65 · 
b3 0.023 0.045 0.58 1.14 4 

c 0.008 0.018 0.20 0.46 2 

cl 0.008 0.015 0.20 0.38 3 
0 · 0.405 - 1029 5 
E 0.220 0.310 5.59 7.87 5 
e 0.100 esc 2.54BSC -

eA 0.300 esc 7.62BSC -
eA/2 0.150 esc 3.81 BSC -

L 0.125 0.200 3.18 5.08 -
Q 0.015 0.060 0.38 1.52 6 
Sl 0.005 - 0.13 - 7 

S2 0.005 . 0.13 . -
a. 90" lOS" 90" 105" · 

aaa · 0.015 - 0.38 -
bbb - 0.030 - 0.76 -
ccc - 0.010 · 025 · 
M · 0.0015 · 0.038 2 
N 8 8 8 

F14.3 MIL-sTD-1835 GDIP1-T14 (D-1, CONFIGURATION A) 
14 LEAD DUAL-IN-UNE FRIT-SEAL CERAMIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.200 - 5.08 -
b 0.014 0.026 0.36 0.66 2 
bl 0.014 0.023 0.36 0.58 3 
b2 0.045 0.065 1.14 1.65 -
b3 0.023 0.045 0.58 1.14 4 

c 0.008 0.018 0.20 0.46 2 
cl 0.008 0.015 0.20 0.38 3 
0 - 0.785 - 19.94 5 
E 0.220 0.310 5.59 7.87 5 
e 0.100 esc 2.54BSC -

eA 0.300 esc 7.62BSC -
eA/2 0.150 esc 3.81 BSC -

L 0.125 0.200 3.18 5.08 -
Q 0.015 0.060 0.38 1.52 6 
Sl 0.005 - 0.13 - 7 

S2 0.005 - 0.13 - -
a. 90" 105" 90" lOS" -

aaa - 0.015 - 0.38 -
bbb - 0.030 - 0.76 -
ccc - 0.010 - 0.25 -
M - 0.0015 - 0.038 2 
N 14 14 8 
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Package Outlines 

Dual-In-Line Frit-Seal Ceramic Packages (Continued) 

1 LEAD/NiSH 1 
F16.3 M1L.-STD-la3s GDlPl· T16 ~2, CONFIGURA nON A) 
16 LEAD DUAL-IN-LINE FRIT-8EAL CERAMIC PACKAGE . .~ 1. INCHES MILLIMETERS - __ 1 ____ 

+ ~ :t:A1 ~(C) SYMBOL MIN MAX MIN MAX NOTES t! IE A 0.200 5.06 T I 

!Tlt
b1ull . . · 

b 0.014 0.026 0.36 0.66 2 
"~ -

(b) b1 0.014 0.023 0.36 0.58 3 

I$Ibbb@lcIA.B@ID@1 
b2 0.045 0.065 1.14 1.65 · 8ECTlONIrA 
b3 0.023 0.045 0.58 1.14 4 

t---D----i---.i c. 0.006 0.018 0.20 0.46 2 
BASE c:: t:::J 
=~ V~FRpm; A' 

.c1 0.006 0.015 0.20 0.36 3 

U J ~ 
D . 0.840 . 21.34 5 

PLANE U •• L E 0.220 0.310 5.59 7.87 5 
81 I 1 , t§1- e O.I00BSO 2.54BSC · b2 __ A~ :-

eA 0.300BSO 7.62BSC · 
b-I- [!] ~ c ... I- eAJ2 0.150BSO 3.81 BSO · 

~ccc CMlI C IA. aWl DWI ~aaaCMllcIA.BWIDW L 0.125 0.200 3.18 5.06 · 
Q 0.015 0.060 0.38 1.52 6 

NOTES: S1 0.005 . 0.13 . 7 
1. Index area: A nolCh or a pin one identification mark shall be local- 52 0.005 - 0.13 - -

ed adjacent to pin one and shall be located within the shaded 
IX 90" 105° 90" 10SO -araa shown. The manufacturer's ldentlflcallon shall nol be used 

0.015 0.38 as a pin one ldentilicaHon mark. aas - - -
2. The maximum Umlts of lead dimensions b and corM shall be bbb - 0.030 - 0.76 -

measwed al the cantrold of the finished lead surfaces, when ccc - 0.010 - 0.25 -
solder dip or tin plate lead finish Is applied. M - 0.0015 - 0.038 2 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension N 16 16 8 
M apples to lead plating and finish 1hIcknas&. 

F18.3 MIL-STD-l835 GDIP1·T18 (0-6, CONFIGURATION A) 
4. Oorner leads (1, N, NI2, and NI2+1) may be configured with a 

partial lead paddle. For this configuration dimension b3 replaces 
18 LEAD DUAL-IN-UNE FRIT-8EAL CERAMIC PACKAGE 

dimension bl. INCHES MILLIMETERS 

5. This dimension allows for off-center lid, meniscus, and glass SYMBOL MIN MAX MIN MAX NOTES 

overrun. A - 0.200 - 5.08 -
6. Dimension Q shall be measured from the seaHng plane to the b 0.014 0.026 0.36 0.66 2 

base plane. b1 0.014 0.023 0.36 0.58 3 

7. Measure dimension SI at allfour corners. . b2 0.045 0.065 1.14 1.65 -
8. N Is the maximum number of terminal positions. b3 0.023 0.045 0.58 1.14 4 

9. Dimensioning and toleranclng per ANSI Y14.5M - 1962. c 0.006 0.018 0.20 0.46 2 

10. Controlling Dimension: Inch 
cl 0.008 0.015 0.20 0.38 3 
D - 0.960 - 24.38 5 
E 0.220 0.310 5.59 7.87 5 
e 0.100BSC 2.54BSC · 

eA 0.3OOBSO 7.62BSO -
eAJ2 O.I50BSO 3.81 BSC -

L 0.125 0.200 3.18 5.06 -
Q 0.015 0.010 0.36 1.78 6 
SI 0.005 - 0.13 - 7 

52 0.005 - 0.13 - -
IX 90" 105° 90" 10SO -

aas - 0.015 - 0.38 -
bbb - 0.030 - 0.76 -
ccc - 0.010 - 0.25 -
M - 0.0015 - 0.038 2 

N 18 18 8 

11·20 



Packaging Outlines 

Dual-In-Line Frit-Seal Ceramic Packages (Continued) 

F20.3 MIL·STD-1835 GDIP1· T20 (D-a, CONFIGURATION A) 
20 LEAD DUAL·IN-LINE FRlToSEAL CERAMIC PACKAGE 

INCHES MILLIMETERS 

........ 1:'::. .... 
r:A:l f. SYMBOL MIN MAX MIN MAX NOTES 

-k--! I E 

~ J 
.~ - 2 

A 0.200 5.08 

b 0.36 

3 

0.014 0.026 0.66 

0.065 1.14 

0.014 0.023 0.36 bl 0.58 

b2 0.045 1.65 
I$Jbbb@lcIA.B@lo@1 SEcnONA-A b3 0.023 0.045 0.58 1.14 4 

5 

0.008 0.018 0.20 

5 

0.015 0.20 0.008 

1.060 

BASE t---D~---.-i c 
Q c::i---1 cl 

S:~:J\~R~ HJ~ ~ j:lIlEl1 A ~ A lLo-r---I ~ D 
PLANE~ , U, r u •• L Q I J I\} E 0.220 5.59 7.87 

SI A r I I + ~ e 0.100BSC 2.54B5C 

0.310 

0.46 

0.38 

26.92 

2 

3 

b2 ~ =-- 1_ =r eA 0.300 BSC 7.62 BSC 

b - I- m ~ c .... r- .-eAJ2-:----11--::~0.~15..,0r-BS-::C~~~~3.-81_rB-5~C~_+-.__I 
~ccc@lcIA.B®lo®1 ~aaa@lcJA.B®JO@ L 0.125 0.200 3.18 5.08 

N0TE5: 

1. Index area: A notch or a pin one identification mark shall be Iocat· 
ed adjacent to pin one and shan be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions band c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish Is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, Nl2, and Nl2+ 1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension bl. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension a shall be measured from the seating plane to the 
base plane. 

7. Measure dimension 51 at all four corners. 

8. N Is the maxlmum number of terminal positions. 

9. Dimensioning and toleranclng per AN51 Y14.5M • 1982. 

10. Controlling Dimension: Inch 

a 0.015 0.070 0.38 1.78 6 
51 0.005 0.13 7 

S2 0.005 0.13 

a 
aaa 0.015 0.38 

bbb 0.030 0.76 

ccc 0.010 0.25 

M 0.0015 0.038 2 
N 20 20 8 

F24.6 MILoSTD-1835 GDIP1·T24 (D-3. CONFIGURATION A) 
24 LEAD DUAL·IN-LINE FRlToSEAL CERAMIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.225 5.72 

b 0.014 0.026 0.36 0.66 2 

bl 0.014 0.023 0.36 0.58 3 

b2 0.045 0.065 1.14 1.65 

b3 0.023 0.045 0.58 1.14 4 

c 0.008 0.018 020 0.46 2 

cl 0.008 0.015 020 0.38 3 

D 1.290 32.77 5 

E 0.500 0.610 12.70 15.49 5 

e 0.100B5C 2.54B5C 

eA o.eOOBSC 15.24BSC 

eA12 0.300BSC 7.62B5C 

L 0.120 0.200 3.05 5.08 

a 0.015 0.075 0.38 1.91 6 
51 0.005 0.13 7 

52 0.005 0.13 

a 90C 105" 

aaa 0.015 0.38 

bbb 0.030 0.76 

ccc 0.010 025 

M • 0.0015 0.038 2 

N 24 24 8 
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Package Outlines 

Dual-In-Line Frit-Seal Ceramic Packages (Continued) 

01 LEAD FINISH 

-1fF~~1 
F28.6 MIL-ST1).1835 GDP1· 128 (1).10, CONFlGURAllON A) 
28 LEAD DUAL-IN-LINE FRIT-9EAL CERAMIC PACKAGE 

(0) SYMBOL 

NOTES: 

1. Index area: A notch or a pin one Identification mark shall be Iocat· 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions band corM shall be 
maasured at \he centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M appnes to lead plating and finish thickness. 

4. Corner leads (1, N, N12, and N12+1) may be configured wiIh a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from \he seating plane to \he 
base plane. 

7. Measure dimension S1 at ali four corners. 

8. N is the maxlmum number of terminal positions. 

9. Dimensioning and toleranclng per ANSI Y14.5M ·1982. 

10. Controlling Dimension: loch 

11·22 

A 

b 

b1 

b2 

b3 

c 

c1 

D 

E 

e 

eA 

eAI2 

L 
Q 

S1 

52 

a. 
aaa 

bbb 

ccc 
M 

N 

INCHES 

MIN MAX 

· 0.232 

0.014 0.026 

0.014 0.023 

0.045 0.065 

0.023 0.045 

0.008 0.018 

0.008 0.015 

· 1.490 

0.500 0.610 

O.100BSC 

O.800BSC 

0.300BSC 

0.125 0.200 

0.015 0.060 

0.005 . 
0.005 . 
90" 105° 

· 0.015 

· 0.030 

· 0.010 

· 0.0015 

28 

MWMETERS 

MIN MAX NOTES 

· 5.92 · 
0.36 0.66 2 

0.36 0.58 3 

1.14 1.65 · 
0.58 1.14 4 

0.20 0.48 2 

0.20 0.38 3 

· 37.85 5 

12.70 15.49 5 

2.54BSC · 
15.24BSC · 
7.62BSC · 

3.18 5.08 · 
0.38 1.52 6 

0.13 . 7 

0.13 . · 
90" 105" · 
· 0.38 · 
· 0.76 · 
· 0.25 · 
· 0.038 2 

28 8 



Package Outlines 

Metal Can Packages 

Q 

NOTES: 

BASE AND 
SEATING PLANE 

SECTIONA-A 

k 

1. (All leads) 0b applies between L 1 and L2. f2lb1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontroled 
In L 1 and beyond 0.500 from the reference plane. 

2. Measured from maximum diameter of the product 

3. a is the basic spacing from the centerline of the tab to terminal 1 
and IS Is the basic spacing of each lead or lead position (N -1 
places) from a. looking at the bottom of the package. 

4. N is the maximum number of terminal positions. 

5. Dimensioning and tolerancing per ANSI 414.5M - 1982. 

6. Controlling dimension: Inch. 

TS.C MlL-STD-1835 MACY1-X8 (A1) 
8 LEAD fO.88 METAL CAN 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.165 4.19 4.70 

f2lb 0.016 0.019 0.41 0.48 

f2lb1 0,016 0.021 0.41 0.53 

f2lb2 0.016 0.024 0.41 0.61 

f2lD 0.335 0.375 8.51 9.40 

f2lD1 0.305 0.335 7.75 8.51 

f2lD2 0.110 0.160 2.79 4.06 

e O.200BSC 5.08BSC 

e1 0.100BSC 2.54BSC 

F - 0.040 - 1.02 

k 0.027 0.034 0.69 0.86 

k1 0.027 0.045 0.69 1.14 

L 0.500 0.750 12.70 19.05 

L1 - 0.050 - 1.27 

L2 0.250 - 6.35 -
Q 0.010 0.045 0.25 1.14 

a 45" BSC 45°BSC 

IS 45" BSC 45°BSC 

N 8 8 

nO.B MIL-STD-1835 MACY1-X10 (A2) 
10 LEAD 'fO.100 METAL CAN 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.185 4.19 4.70 

0b 0.Q16 0.019 0.41 0.48 

f2lb1 0.016 0.021 0.41 0.53 

f2lb2 0.Q16 0.024 0.41 0.61 

00 0.335 0.375 8.51 9.40 

f2lD1 0.305 0.335 7.75 8.51 

f2lD2 0.110 0.160 2.79 4.06 

e 0.230BSC 5.84BSC 

e1 0.115BSC 2.92BSC 

F - 0.040 - 1.02 

k 0.027 0.034 0.69 0.86 

k1 0.027 0.045 0.69 1.14 

L 0.500 0.750 12.70 19.05 

L1 - 0.050 - 1.27 

L2 0.250 - 6.35 -
Q 0.010 0.045 0.25 1.14 

a 360BSC 36" BSC 

IS 360BSC 36°BSC 

N 10 10 
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Package Outlines 

Metal Can Packages (Continued) 

T10.C 
10 LEAD 1'0-100 METAL CAN 

Q 

NOTES: 

BASE AND 
SEATING PLANE 

SECTION irA 

k 

1. (All leads) t2Jb applies between L 1 and L2. 0b1 applies between 
L2 and 0.500 from the reference plane. Diameter Is unconlroUed 
in L 1 and beyond 0.500 from the reference plane. 

2. Measured from maximum diameter of the product 

SYMBOL 

A 

"b 

0b1 

0b2 

00 

001 

002 

e 

el 

F 

k 

kl 

L 

LI 

L2 

a 
a 
~ 
N 

T12.8 

INCHES 

MIN MAX 

0.165 0.185 

0.016 0.019 

0.016 0.021 

0.016 0.024 

0.335 0.375 

0.305 0.335 

- -
0230BSC 

0.115BSC 

- 0.040 

0.027 0.034 

0.027 0.045 

0.500 0.750 

- 0.050 

0.250 -
- -

36"BSC 

36" BSC 

10 

3. a Is the basic spacing from tha centerline of tha tab to terminal 1 
and ~ is the beslc spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 

12 LEAD 1'0-101 METAL CAN 

INCHES 

4. N is the maximum number of terminal positions. SYMBOL MIN MAX 

5. Dimensioning and toler;.nclng per ANSI 414.5M -1982. A 0.165 0.185 

6. Controlling dimension: Inch. 0b 0.016 0.019 

0b1 0.016 0.021 

0b2 0.016 0.024 

00 0.335 0.375 

001 0.305 0.335 

002 - . 
e 0230BSC 

el 0.115 BSC 

F - 0.040 

k 0.027 0.034 

kl 0.027 0.045 

L 0.500 0.750 

LI - 0.050 

L2 0250 -
a - -
a 3O"BSC 

~ 3O"BSC 

N 12 

11-24 

MILLIMETERS 

MIN MAX NOTES 

4.19 4.70 -
0.41 0.48 1 

0.41 0.53 1 

0.41 0.61 -
8.51 9.40 -
7.75 8.51 -
- - -

5.84BSC -
2.92BSC -
- 1.02 -

0.69 0.86 -
0.69 1.14 2 

12.70 19.05 1 

- 127 1 

6.35 - 1 

- - . 
36" BSC 3 

36°BSC 3 

10 4 

MILLIMETERS 

MIN MAX NOTES 

4.19 4.70 -
0.41 0.48 1 

0.41 0.53 1 

0.41 0.61 -
8.51 9.40 -
7.75 8.51 -
- . -

5.84BSC -
2.92BSC -
- 1.02 -

0.69 0.86 -
0.69 1.14 2 

12.70 19.05 1 

- 1.27 1 

6.35 - 1 

. - -
3O"BSC 3 

3O"BSC 3 

12 4 



Package Outlines 

Metal Can Packages (Continued) 

F 

FINISH 

SEcnONA-A 

NOTES: 

1. The reference. base. and seating planes are the same for this 
variation. . 

2. Measured from maximum diameter of the product. 

3. N Is the maximum number of terminal positions. 

4. Dimensioning and tolerancing per ANSI 414.5M -1982. 

5 .. Controlling dimension: Inch. 

T12.C 
12 LEAD TO-8 METAL CAN 

INCHES 

SYMBOL MIN MAX 

A 0.130 0.150 

0b 0.016 0.019 

0b2 0.016 0.021 

00 0.585 0.615 

001 0.540 0.560 

e Q.4ooBSC 

81 O.looBSC 

F 0.020 0.040 

k 0.027 0.034 

kl 0.027 0.045 

L 0.500 0.560 

N 12 

11·25 

MIWMETERS 

MIN MAX NOTES 

3.30 3.81 -
0.41 0.48 -
0.41 0.53 · 

14.86 15.62 · 
13.72 14.22 · 

10.16 BSC · 
2.54BSC · 

0.51 1.02 · 
0.69 0.86 · 
0.69 1.14 2 

12.70 14.22 · 
12 3 



Package Outlines 

Dual-In-Llne Metal-Seal Ceramic Packages 

.,. ... .,..,.~ ... --f. 
I .! I E 
~ i I ----Iil--

I$Iccc~lcIA.B@ID@1 !-$Iasa ~lcIA·B@ID® 

NOTES: 

1. Index area: A notch or a pin one IdenUficallon mark shall be locat· 
ed adjacent to pin one and shall be located within tha shaded 
area shown. The manufacturer's Identiflcallon shall not be used 
as a pin one IdenUfication mark. 

2. The maximum limits of lead dimensions b and corM shall be 
measured at tha canlroid of the finished lasd surfaces, when 
solder dip or lin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plallng and finish thickness. 

4. Corner leads (1, N, NI2, and NI2+1) may be configurad with a 
partlallead paddle. For this configurallon dimension b3 replaces 
dimension b1. 

5. This dimension allows for olf-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from tha sealing plane to tha 
base plane. 

7. Measure dimension S1 at all four comers. 

8. Measure dimension 82 from the top of the caramic body to tha 
nearest matallization or lead. 

9. N Is the maximum number of terminal positions. 

10. Braze fillets shall be concave. 

11. Dimensioning and toleranclng per ANSI Y14.5M ·1982. 

12. Controlling dimension: Inch. 

D8.3 MIL-STD-1835 CDlP2·T8 (0-4, CONFIGURATION C) 
8 LEAD DlJAL..lN.UNE METAL-SEAL CERAMIC PACKAGE 

INCHES MtWMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.026 0.36 0.66 2 
b1 0.014 0.023 0.36 0.58 3 
b2 0.045 0.065 1.14 1.65 
b3 0.023 0.045 0.58 1.14 4 

c 0.008 0.018 0.20 0.46 2 
c1 0.008 0.015 0.20 0.38 3 
D 0.405 1029 5 

E 0.220 0.310 5.59 7.87 5 
e 0.1ooBSC 2.54BSC 

sA 0.3OOBSC 7.62BSC 

eA12 0.150BSC 3.81 B8C 

L 0.125 0.200 3.18 5.08 
Q 0.015 0.060 0.38 1.52 6 
SI 0.005 0.13 7 

S2 0.005 0.13 8 

ex 90" 105° 90" 105° 

aaa 0.015 0.38 

bbb 0.030 0.76 

cae • 0.010 • 025 • 

M • 0.0015 • 0.038 2 

N 8 8 9 

D14.3 MIL-STD-I835 CDIP2-T14 (D-1, CONFIGURATION C) 
14 LEAD DUAL-JN.UNE METAL-8EAL CERAMIC PACKAGE 

INCHES MIWMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.026 0.38 0.66 2 
bl 0.014 0.023 0.36 0.58 3 

b2 0.045 0.065 1.14 1.65 

b3 0.023 0.045 0.58 1.14 4 
c 0.008 0.018 020 0.46 2 
cl 0.008 0.015 0.20 0.38 3 

D • 0.785 19.94 5 
E 0.220 0.310 5.59 7.87 5 

e 0.100 BSC 2.54BSC 

sA 0.3OOBSC 7.62B8C 

eAI2 0.150BSC 3.81 BSC 

L 0.125 0.200 3.18 5.08 
Q 0.015 0.060 0.38 1.52 6 

SI 0.005 0.13 7 

S2 0.005 0.13 8 
ex 105° 105" 

aaa 0.015 0.38 

bbb 0.030 0.76 

cae 0.010 0.25 
M 0.0015· 0.038 2 

N 14 14 9 
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Package Outlines 

Dual-In-Line Metal-Seal Ceramic Packages (Continued) 

D16.3 MIL-STl).l835 CDIP2-T16 (1).2, CONFIGURATION C) 

.~ 
er 

LEjFlNISH 1 16 LEAD DUAL-IN-UNE METAL-SEAL CERAMIC PACKAGE 

if. INCHES MIWMETERS 

t] BASE SYMBOL MIN MAX MIN MAX NOTES (e) I 1 METAL 
A - 0.200 - 5.08 -

~ i tTtb1~ b 0.014 0.026 0.36 0.66 2 ----GE"--
-B- (b) bl 0.014 0.023 0.36 0.58 3 

b2 0.045 0.065 1.14 1.65 -1+1 bbb@1 C IA - B @lo@1 SECTIONA-A 
b3 0.023 0.045 0.58 1.14 4 

BASE ~o----l t t rf-i 
c 0.008 0.016 020 0.46 2 

..... ,W ~ cl 0.008 0.015 0.20 0.36 3 

SEATING \. ~ u '\l -c- A 

~ 
0 - 0.640 - 21.34 5 PLAN}: L E 0.220 0.310 5.59 7.87 5 

S1 A A e O.l00BSC 2.54BSC -
b2 --: I:- sA O.300BSO 7.62BSC -

b-I- m ~ e_ I- eAI2 O.l50BSC 3.81 BSC -
l$IecctllCIA-BWloWI ~aaa CM>lcIA-BWloW L 0.125 0.200 3.18 5.08 -

Q 0.015 0.060 0.36 1.52 8 
NOTES: Sl 0.005 - 0.13 - 7 

1. Index area: A notch or a pin one identification mark shall be locat- S2 0.005 - 0.13 - 8 
ad adjacent to pin one and shan be located within the shaded a 90" 105° area shown. The rnanufacbJrer's Idantification shall not be used 90" 105" -
as a pin one identification mark. aaa - 0.015 - 0.36 -

2. The maximum limits of lead dimensions band c or M shall be bbb - 0.030 - 0.76 -
measured at the centroid of the finished lead sUlfaces, when ccc - 0.010 - 0.25 -
solder dip or tin plate lead finish Is applied. M - 0.0015 - 0.036 2 

3. Dimensions bl and cl apply to lead base metal only. Dimension N 16 16 9 
M applies to lead plating and finish thickness. D24.6 MIL-sTl).l835 CDII'2-T24 (D-3, CONFIGURATION C) 

4. Corner leads (1, N, Nl2, and Nl2+1) may be configured with a 24 LEAD DUAL-IN-UNE METAL-SEAL CERAMIC PACKAGE 
partial lead paddle. For this configuration dimension b3 replaCes 

INCHES MILUMETERS dimension b 1. 

5. This dimension allows for off-center lid, meniscus, and glass 
SYMBOL MIN MAX MIN MAX NOTES 

overrun. A - 0.225 - 5.72 -
6. Dimension Q shall be measured from the seating plane to the b 0.014 0.026 0.36 0.66 2 

base plane. bl 0.014 0.023 0.36 0.58 3 

7. Measure dimension Sl at all four corners. b2 0.045 0.065 1.14 1.65 -
8. Measure dimension S2 from the top of the ceramic body to the b3 0.023 0.045 0.58 1.14 4 

nearest metallization or lead. c 0.008 0.018 0.20 0.46 2 

9. N is the maximum number of terminal positions. c1 0.008 0.015 0.20 0.36 3 

10. Braze fillets shaD be concave. 
D - 1.290 - 32.77 5 

E 0.500 0.610 12.70 15.49 5 
11. Dimensioning and toleranclng per ANSI Y14.5M ·1962. 

e 0.100BSC 2.548S0 - • 12. Controlling dimension: Inch. 
sA 0.600BSC 15.24BSC · 

eM O.300BSC 7.62BSO -
L 0.120 0.200 3.05 5.08 - "z 
Q 0.015 0.075 0.36 1.91 6 zO 
Sl 0.005 - 0.13 - 7 !i S2 0.005 - 0.13 - 8 

~O 
a 90" 105° 90" 105" · a;~ 

aaa - 0.015 - 0.36 -
bbb - 0.030 - 0.76 · "---

ccc - 0.010 - 0.25 · 
M - 0.0015 - 0.038 2 

N 24 24 9 
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LINEA. 12 
HOW TO USE HARRIS AnswerFAX 

What is AnswerFAX? 
AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products . 

••• 
What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week . 

••• 
How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You'll have the information you need in minutes. The chart on the next page shows you how . 

••• 
How do I find out the order number for the publications I want? 
The first time you call AnswerFAX, you should order one or more on-line catalogs of, product line 
information. There are six catalogs: 

• New Products • Digital Signal Processing (DSP) Products 

• Linear Products • Discrete & Intelligent Power Products 
• Application Notes • Data Acquisition Products 

Once they're faxed to you, you can call back and order the publications themselves by number . 

••• 
How do I start? 

Dial 407-724-3818. That's it. 

Please refer to next page for a map to AnswerFAX. 
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ORDER 
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MORE 

DONE 
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ENTER 
YOUR 

I II .. I FAX NUMBER 

MORE 

CONRRM 
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CHOICE 

DONE 

ENTER 
YOUR NAME 



Harris AnswerFAX Data Book Request Form 

DATA BOOKS AVAILABLE NOWI 

PUBLICAnON 
NUMBER DATA BOOK/DESCRIPTION 

PSG201S PRODUCT SELECTION GUIDE (1992: 320pp) Key product information on all Harris Semiconductor de-
vices. Sectioned (Analog, Data Acquisition, Digital, Application Specific, Power, Hi-Rei & Rad-Hard, 
ASIC) for easy use and includes cross references and alphanumeric part number index. 

OB500B UNEAR " TELECOM IC. (1991: l,224pp) Product specifications for: op amps, comparators, SIH amps, 
differential amps, arrays, special analog circuits, telecom ICs, and power processing circuits. NOTE: New 
and completely updated edition available April '93. 

OB301.1 DATA ACQUISmON (1991: l,104pp) Product specifications on AlO converters (display, integrating, 
successive approximation, flash); O/A converters, switches, multiplexers, and other products. NOTE: 
New and completely updated data acquisition databook available May '93. 

OB306 DATA ACQUISmON/NEW RELEASES (1992: 144pp) Includes specifications on 22 products not con-
tained in main book, plus an applications note. NOTE: New and completely updated data acquisition da-
tabook available May '93. 

OB302A DIGITAL SIGNAL PROCESSING (1993: 380pp) This new edition includes specifications on one- and 
two-dimensional filters, signal synthesizers, multipliers, special function devices (such as address se-
quencers, binary correlators, histogrammer). Includes sections on development tools, application notes 
and QualitylReliability. 

08304 INTELUGENT POWER IC. (1992: 512pp) Product specifications for low- and high-side switches, half 
bridges, AC-OC converters, full bridges, regulators & power supplies, protection circuits, and special 
function ICs. Includes application notes and QualitylReliability sections. 

OB450.2 TRANSIENT VOLTAGE SUPPRESSION DEVICES (1992: 265pp) Product specifications of Harris varis-
tors and surgectors. Also, general Informational chapters such as: "Voltage Transients - An Overview," 
"Transient Suppression - Devices and PrinCiples," ·Suppression - Automotive Transients." 

DB223.2 POWER MOSFET. (1992: l,504pp) Product specifications on MOSFETs (N· and P-channel, logic level, 
military and radiation-hardened); IGBTs; Intelligent discretes; power drivers and switches; and ultra-fast 
rectifiers. Includes industry replacement guide and application notes. 

OB220.1 BIPOLAR POWER TRANSISTORS (1992: 592pp) Technical information on over 750 power transistors 
for use in a wide range of consumer, industrial and military applications. Indexing and packaging included. 

OB303 MICROPROCESSOR PRODUCTS (1992: l,156pp) For commercial and military applications. Product 
specifications on CMOS microprocessors, peripherals, data communications, and memory ICs. Includes 
application notes and QualitylReliability chapters. 

Analog Military ANALOG MILITARY (1989: l,264pp) This databook describes Harris' military line of Linear, Data Acqui-
Sition, and Telecommunications circuits. 

Oigital Military DIGITAL MILITARY (1989: 680pp) Harris CMOS digitallCs -- microprocessors, peripherals, data com-
munications and memory -- are included in this databook. 

NAME: ______________ _ COMPANY: ____________ _ 

MAIL STOP: ____________ _ 

PHONE: ______________ _ 

FAX: ______________ _ 
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ADDRESS: ____________ _ 

DATA BOOK REQUESTED: _______ _ 

FAX FORM TO: HARRIS FULFILLMENT 
FAX #: 215-941·0219 

ATTN: LINDA GROSS (EXT 7079) 



AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPnON 

9001 ANOO1 Glossary of Data Conversion Terms 
(6 pages) 

9002 ANOO2 Principles of Data Acquisition and Con-
version (20 pages) 

9004 ANOO4 The IH5009 Analog Switch Series 
(9 pages) 

9007 AN007 Using the 804818049 Log/Antilog Ampli-
fier (6 pages) 

9009 AN009 Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors In 
Mind (7 pages) 

9013 AN013 Everything You PJways Wanted to 
Know About the ICL8038 (4 pages) 

9016 AN016 Selecting AID Converters (7 pages) 

9017 AN017 The Integrating AID Converter 
(5.pages) 

9018 AN018 Do's and Don'ts of Applying AID Con-
verters (4 pages) 

9023 AN023 Low Cost Digital Panel Meter Designs 
(5 pages) 

9027 AN027 Power Supply Design Using the 
ICL8211 and 8212 (8 pages) 

9028 AN028 Build an Auto-Ranging DMM with the 
ICL7103A18052A AID Converter Pair 
(6 pages) 

9030 AN030 ICL7104: A Binary Output AID Convert-
er for Microprocessors (16 pages) 

9032 AN032 Understanding the Auto-Zero and 
Common Mode Performance of the 
ICL71 06n1 07171 09 Family (8 pages) 

9040 AN040 Using the ICL8013 Four Quadrant Ana-
log Multiplier (6 pages) 

9042 AN042 Interpretation of Data Converter Accu-
racy Specifications (11 pages) 

9046 AN046 Building a Battery Operated Auto Rang-
ing DVM with the ICL7106 (5 pages) 

9048 AN048 Know Your Converter Codes (5 pages) 

9049 AN049 Applying the 7109 AID Converter 
(5 pages) 

9051 AN051 Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(9 pages) 

9052 AN052 nps for Using Single Chip 3.5 Digit AID 
Converters (9 pages) 

9053 AN053 The ICL7650 A New Era In Glitch-Free 
Chopper Stabilized Amplifiers 
(19 pages) 

9054 AN054 Display Driver Family Combines Con-
venience of Use with Microprocessor 
Interfaceability (18 pages) 
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AnswerFAX Technical Support 
Application Note Listing 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPnON 

9108 AN108 82C52 Programmable UART 
(12 pages) 

9109 AN109 82C59A Priority Interrupt Controller 
(14 pages) 

9111 AN111 Harris 8OC286 Performance Advantag-
es Over the 80386 (12 pages) 

9112 AN112 80C286180386 Hardware Comparison 
(4 pages) 

9113 AN113 Some Applications of Digital Signal Pro-
cessing Techniques to Digitai Video 
(5 pages) 

9114 AN114 Real-Time Two-Dimensional Spatial Fil-
tering with the Harris Dlgltai Filter Fam-
Ily (43 pages) 

9115 AN115 Digltai Filter (OF) Family Overview 
(6 pages) 

9116 AN116 Extended OF Configurations (10 pages) 

9120 AN120 Interfacing the 80C286-16 With the 
80287-10 (2 pages) 

9121 AN121 Harris 8OC286 Performance Advantag-
es Over the 80386SX (14 pages) 

9400 AN400 Using the HS-3282 ARINC Bus Inter-
face Circuit (6 pages) 

9509 AN509 A Simple Comparator USing the 
HA-2620 (1 page) 

9514 AN514 The HA-2400 PRAM Four Channel Op-
erational Amplifier (7 pages) 

9515 AN515 Operational Amplifier Stabillly: Input 
Capacitance ConSiderations (2 pages) 

9517 AN517 Applications of MonolithiC Sample and 
Hold Amplifier (5 pages) 

9519 AN519 Operational Amplifier Noise Prediction 
(4 pages) 

9520 AN520 CMOS Anaiog Miltiplexers and Switch-
es; Applications Considerations 
(9 pages) 

9522 AN522 Digltai to Analog Converter Termlnolo-
gy(3 pages) 

9524 AN524 Dlgltai to Anaiog Converter High Speed 
ADC Applications (3 pages) 

9525 AN525 HA-519015195 Fest Settling Operation-
ai Amplifier (4 pages) 

9526 AN526 Video Applications for the HA-51901 
5195 (5 pages) 

9531 AN531 Analog Switch Applications in AID Data 
Conversion Systams (4 pages) 

9532 AN532 Common Questions Conceming CMOS 
Analog Switches (4 pages) 

9534 AN534 Additional Information on the HI-300 
Series Switch (5 pages) 



An __ FAX 

DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 

9535 AN535 Design Considerations for A Date Ac>-
quisition System (DAS) (7 pages) 

9538 AN538 Monolithic SampleIHold Combines 
Speed and Precision (6 pages) 

9539 AN539 A Monolithic 16-81t DlA Converter 
(5 pages) 

9540 AN540 HA-5170 Precision Low Noise JFET In-
put Operation Amplifier (4 pages) 

9541 AN541 Using HA-2539 or HA-2540 Very High 
Slew Rate, Wideband Operational Am-
plifier (4 pages) 

9543 AN543 New High Speed Switch Offers Sub-
50ns SWitching Times (7 pages) 

9544 AN544 Mlcropower Op Amp Family (6 pages) 

9546 AN546 A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 

9548 AN548 A Designers Guide for the HA-5033 Vid-
eo Buffer (12 pages) 

9549 AN549 The HC-550X Telephone Subscriber 
Une Interface Circuits (SLlC) 
(19 pages) 

9550 AN550 Using the HA-2541(6 pages) 

9551 AN551 Recommended Test Procedures for 
Operational Amplifiers (6 pages) 

9552 AN552 Using the HA-2542 (5 pages) 

9553 AN553 HA-5147137127, Ultra Low Noise Ampli-
fiers (8 pages) 

9554 AN554 Low Noise Family HA-5101/02104111/ 
12114 (7 pages) 

9556 AN556 Thermal Safe-Operating-Arees for High 
Current Op Amps (5 pages) 

9557 AN557 Recommended Test Procedures for An-
alog Switches (6 pages) 

9558 AN558 Using the HV-1205 AC to DC Converter 
(2 pages) 

9559 AN559 HI-222 Video/HF Switch Optimizes Key 
Parameters (7 pages) 

9571 AN571 Using Ring Sync with HG-5502A and 
HC-5504 SLlCs (2 pages) 

9573 AN573 The HC-5560 Dlgltel Une Transcoder 
(6 pages) 

9574 AN574 Understanding PCM Coding (3 pages) 

9576 AN576 HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 

9607 AN607 Delta Modulation for Voice Transmis-
sion (5 pages) 

95290 AN5290 Integrated Circuit Operational Amplifi-
ers (20 pages) 
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AnswerFAX Technical Support 
Application Note Listing (Continued) 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

96048 AN6048 Some Applications of A Programmable 
Power Switch/Amp (12 pages) 

96077 AN80n An IC Operatlonal-Transconductance-
Amplifier (OTA) With Power Capability 
(12 pages) 

96157 AN6157 Applications of the CA3085 Series 
Monolithic IC Voltege Regulators 
(11 pages) 

96182 AN6182 Features and Applications of Integrated 
Circuit Zero-Voltege Switches 
(CA3058, CA3059 and CA3079) 
(31 pages) 

96386 AN6386 Understanding and Using the CA3130, 
CA3130A and CA3130B30AI3OB 
SiMaS Operation Amplifiers (5 pages) 

96459 AN6459 Why Use the CMOS Operational Ampli-
fiers and How to Use It (4 pages) 

96669 AN6669 FET-Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 

96915 AN6915 Application of CA 1524 Series Pulse-
Width Modulator ICs (18 pages) 

96970 AN6970 Understanding and Using the CDP1855 
MultiplylDivide Unit (11 pages) 

97063 AN7063 Understanding the CDP1851 Program-
mable I/O (7 pages) 

97174 AN7174 The CA1524E Pulse-Width Modulator-
Driver for an Electronic Scale (2 pages) 

97244 AN7244 Understanding Power MOSFETs 
(4 pages) 

97254 AN7254 Switching Waveforms of the L 2FET: 
A 5 Volt Gate-Drive Power MOSFET 
(8 pages) 

97260 AN7260 Power MOSFET Switching Waveforms: 
A New Insight (7 pages) 

97326 AN7326 Applications of the CA3228E Speed 
Control System (16 pages) 

97332 AN7332 The Application of Conductivity-Modu-
lated Field-Effect Transistors (5 pages) 

98602 AN8602 The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 

98603 AN8603 Improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 

98610 AN861 0 Spicing-Up Spice II Software for Power 
MOSFET Modeling (8 pages) 

98614 AN8614 The CA1523 Variable Interval Pulse 
Regulator (VIPUR) For Switch Mode 
Power Supplies (13 pages) 

98707 AN8707 The CA3450: A Single-Chip Video Une 
Driver and High Speed Op Amp 
(14 pages) 



AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

98742 AN6742 Application of the CD22402 Video Sync 
Generator (4 pages) 

98743 AN6743 Mlcropower Crystal-Controlled Oscilla-
tor Design Using CMOS Inverters 
(6 pages) 

98754 AN6754 Method of Measurement of Simulta-
neous SwHchlng Transient (3 pages) 

98756 AN6756 A Comparative Description of the UART 
(16 pages) 

98759 AN6759 Low Cost Data Acquisition System Fea-
tures SPI AID Converter (9 pages) 

98761 AN6761 User's Guide to the CDP66HC66n 
Real-Time Clock (14 pages) 

98811 AN6611 BIMOS-E Process Enhances the 
CA5470 Quad Op Amp (6 pages) 

98818 AN6616 Exceptional Radiation Levels from SiII-
con-on-8apphlre Processed Hlgh-
Speed CMOS Logic (5 pages) 

98820 AN6620 Recommendations for Soldering Termi-
nal Leads to MOV Varistor Discs 
(3 pages) 

98823 AN6623 CMOS Phase-Locked-Loop Applica-
tions Using the CD54174HCIHCT 4046A 
and CD54174HClHCT7046A (23 pages) 

98829 AN6629 SPSOO and SP601 an HVIC MOSFETI 
IGBT Driver for Half-Bridge Topologies 
(6 pages) 

98910 AN891 0 An Introduction to Behavioral Simula-
tion Using Harris ACIACT Logic Smart-
Models™ From Logic Automation Inc. 
(9 pages) 

99001 AN9001 Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACTIFCn 
CMOS Logic ICs (4 pages) 

99002 AN9002 Transient VoHage Suppression In Auto-
motive Vehicles (8 pages) 

99003 AN9003 Low-Voltage Metal-Oxlde Varistor -
Protection for Low Voltage (S5V) ICs 
(13 pages) 

99010 AN901 0 HIP2500 High Voltage (5OOVoc) Half-
Bridge Driver IC (8 pages) 
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AnswerFAX Technical Support 
Application Note Listing (Continued) 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

99011 AN9011 Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 
(4 pages) 

99101 AN9101 High Current Off Line Power Supply 
(4 pages) 

99102 AN9102 Noise Aspects of Applying Advanced 
CMOS Semiconductors (9 pages) 

99105 AN9105 HVICIIGBT Half-Bridge Converter Eval-
uation Circuit (1 page) 

99106 AN91 06 Special ESD Considerations for the HS-
65643RH and HS~5647RH Radiation 
Hardened SOS SRAMs (2 pages) 

99201 AN9201 Protection Circuits for Quad and Octal 
Low Side Power Drivers (8 pages) 

99202 AN9202 Using the HFA1100. HFA1130 Evalua-
tion Fixture (4 pages) 

99203 AN9203 Using the HI5800 Evaluation Board 
(13 pages) 

99204 AN9204 Tools for Controlling Voltage Surges 
and Noise (4 pages) 

99205 AN9205 Timing Relationships for HSP45240 
(2 pages) 

99206 AN9206 Correlating on Extended Data Lengths 
(2 pages) 

99207 AN9207 OSP Temperature Considerations 
(2 pages) 

99208 AN9208 High Frequency Power Converters 
(10 pages) 

99211 AN9211 Soldering Recommendations for Sur-
face Mount Metal OxIde Varistors and 
Multilayer Transient Voltage Suppres-
sors (8 pages) 

99212 AN9212 HIP5060 Family of Current Mode Con-
trollCs Enhance 1 MHz Regulator Per-
formance (7 pages) 

99217 AN9217 High Currant Off Line Power Supply 
(11 pages) 

99302 AN9302 CA3277 Dual 5V Regulator Circuit Ap-
plications (9 pages) 

99304 AN9304 ESO and Transient Protection Using the 
SP720 (5 pages) 



13 
SALES OFFICES 

A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. Please order the 
"Harris Sales Listing" from the Literature Center (see page i). 

HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 

U.S. HEADQUARTERS 
Harris Semiconductor 
1301 Woody Burke Road 
Melboume, Florida 32902 
TEL: (407) 724-3000 

SOUTH ASIA 
Harris Semiconductor H.K. Ltd 
131F Fourseas Building 
208·212 Nathan Road 
Tsimshatsui, Kowloon 
Hong Kong 
TEL: (852) 3-723-6339 

EUROPEAN HEADQUARTERS 
Harris Semiconductor 
Mercure Centre 
Rue de la Fusse 100 
1130 Brussels, Belgium 
TEL: (32) 2·246-21.11 

NORTH ASIA 
Harris KK 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku·Ku, Tokyo 163 Japan 
TEL: (81) 03-3345·8911 

TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES: 

UNITED STATES 

INTERNATIONAL 

CALIFORNIA 

FLORIDA 

GEORGIA 

ILLINOIS 

MASSACHUSETTS 

NEW JERSEY 

NEW YORK 

TEXAS 

FRANCE 

GERMANY 

HONG KONG 

ITALY 

JAPAN 

KOREA 

UNITED KINGDOM 

Costa Mesa ...••..•......... 714-433-0660 
San Jose . . . . . . . . . . . . . . . . . •. 408-995-7322 
Woodland Hills ••........•.••. 818-992·0686 

Melbourne •...•••..•••..•. " 407-724-3576 

Duluth .........•........... 404-476-2035 

Schaumburg ..•............. 708·240-3480 

Burlington ................... 617-221-1850 

Mt. Laurel. ................ " 609-727-1909 

Great Neck .................. 516-829-9441 

Dallas ...................... 214-733·0800 

Paris ..........•....•...•.•. 33-1-346-54046 

Munich ..................... 49·8·963-8130 

Kowloon .................... 852-723·6339 

Milano ..................... 39-2-262-22141 

Tokyo ...................... 81-33·345·8911 

Seoul ...................... 82.2-551-0931 

Camberley ......•.........•. 44·2·766-86886 

13-1 



North American Sales Offices and Representatives 

ALABAMA 
·Harrls Semiconductor 
Suite 103 
Office Park South 
600 Boulevard South 
Hun1sVille. AL 35802 
TEL: (205) 883-2791 
FAX: 205 8832861 

Glestlng " Associates 
Suite 15 
4835 University Square 
Huntsville. AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 

ARIZONA 
Compass Marketing" Sales, 
Inc. 
11801 N. Tatum Blvd. 11101 
Phoenix. AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 
P,O. Box 65447 
Tucson. AZ 811728 
TEL: (602) 557-0580 
FAX: 6025570581 

CALIFORNIA ' 
Harris Semiconductor 

, Suite 320 
1503 So. Coast Drive. 
Costa Mesa. CA 92626 
TEL: (714) 433-0600 
FAX: 714433 0682 

Harris Semiconductor 
Suite 30B 
5250 W. Century Blvd. 
Los Angeles. CA .90045 
TEL: (310) 649-4752 
FAX: 3106494804 

Harris Semiconductor 
, 3031 Tisch Way 

1 Plaza South 
San Jose. CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 

Harris Semiconductor 
, Suite350 

6400 Canoga Ave. 
Woodland Hills. CA 91367 
TEL: (818) 992-0686 
FAX: 818 8B3 0136 

CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 102 
San Diego. CA 92111 
TEL: (619) 279-0420 
FAX: 6192797650 

CANADA 
Blakewood Electronic 
Systems, Inc. 
11201 • 7382 Winston Street 
Burnaby.BC 
V5A2G9 
TEL: (604) 444-3344 
FAX: 604 4443303 

Clark Hurman Associates 
Unit 14 
20 Regan Road 
Bral1llton. Ontario 
Canada L7A 103 
TEL: (416) 840-6086 
FAX: 416 840-6091 

66 Colonnade Rd. 
Suite 205 
Nepean. Ontario 
Canada K2E 7K7 
TEL: (613) 727-5626 
FAX: 613 7271707 

4 Chester 
Pointe Claire. Quebec 
Canada H9R 4H7 
TEL: (514) 426-0453 
FAX: 514 426 0455 

COLORADO 
Compilss Marketing 
Suite 3500 
5600 So. Quebec SI. 
GreenwoOd Village. co 80111 
TEL: (303) 721-9683 
FAX: 303 721 0195 

CONNECTICUT 
Advanced Tech Sales, Inc. 
Westview Office Park 
Bldg. 2. SUite lC 
850 N. Main Street Extension 
Wallingford. CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 

FLORIDA 
Harris Semiconductor . 

, 1301 Woody Burke Rd. 
. Melbourne. FL 32901 

TEL: (407) 724-3576 
fAX 407 724 3130· 

Harris Semiconductor 
300 6th Avenue. North 
Indian RQCks Beach. FL 34635 . 
TEL: (813) 595-4030 
FAX: 813 595 5780 

GEORGIA 
Gieatlng " Associates 

Ewing Foley, Inc. ' Suite 108 
185 Unden Avenue 2434 Hwy. 120 
Auburn. CA 95603 Duluth. GA 30136 
TEL: (916) 885·6591 TEL: (404) 476-0<i25 
FAX: 916 885 6598 FAX: 404 476 2405 

( .... \fI\ . .1 fl-{· \. . 

ILLINOIS . 
Harris Semiconductor 

, Suite 600 
1101 Perimeter Dr. 
Schaumburg. IL 60173 
TEL: (708) 240-3480 
FAX: 708 6191511 

Oasis Sales 
1101 Tonne Road 
Elk Grove Village. IL 60007 
TEL: (708) 640-1850 
FAX: 708 640 9432 

INDIANA 
Harrle Semiconductor 

, Suite 100 
11590 N. Meridian SI. 
Carmel. IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 

Glestlng " Associates 
370 Ridgepoint Dr. 
Carmel. IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 

IOWA 

Oasis Sales 
Suite 203 
4905 Lakeside Dr .• NE 
Cedar Rapids. IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 

KANSAS 
Advanced Technical Sales, 
Inc. 
Suite 8 
601 North Mur·Len 
Olathe. KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 

KENTUCKY 
Glestlng " Associates 
212 Grayhawk Court 
Versailles. KY 403B3 
TEL: (608) 873-2330 
FAX: 608 873 6233 

MARYLAND 
New Era Sales, Inc. 
678 Ritchie Highway 
Severna Park. MD 21146 
TEL: (410) 544-4100 
FAX: 410544-6092 

, .. ;') .J\" '" V ,~... . 
Q.J' I' t\ "\ ~ 11"\ .,.. 'Field AppIicatkin A$sistance Available 

V!..\~ l,.i"'~ . 
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MASSACHUSETTS 
Harris Samlconductor 

, Sulte240 
3 Burlington Woods 
Burlington. MA 01803 
TEL: (617) 221-1850 
FAX: 6172211866 

Advanced Tech Sales 
Suite 102 
348 Park Street 
Park Place West 
N. Reading. MA 01864 
TEL: (508) 664-0888 
FAX: 508 864 5503 

MICHIGAN 
Harris Semiconductor 

, Suite 460 
27777 Franklin Rd. 
Southfield. MI 48034 
TEL: (313) 746-0800 
FAX: 313 746 0516 

Giestlng " Associates 
Suite 113 
34441 Eight Mile Rd. 
Livonia. MI 48152 
TEL: (313) 476-8106 
FAX: 313 477 6908 

6898 Curtis Dr. 
Colome. MI 49038 
TEL: 616-468-4200 
FAX: 616 468 6511 
1279 SkYh"1s N.E. 
Comstock Park. MI 49321 
TEL: (616) 784-9437 
FAX: 616 7849438 

MINNESOTA 
Oasis Sales 
Suite 210 
7805 Telegraph Road 
Bloomington. MN 55438 
TEL: (612) 941-1917 
FAX: 612 9415701 

MISSOURI 
Advanced Technical Ssles 
13755 SI. Charles Rock Rd. 
Bridgeton. MO 83044 
TEL: (314) 291-5003 
FAX: 314 291 7958 

NEW JERSEY 
Harris Semiconductor 

, Plaza 1000 at Main Street 
Suite 104 
Voorhees. NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 

Harris Samlconductor 
724 Route 202 
P.O. Box 591 MIS 13 
Somerville, NJ 08876 
TEL: (908) 885-6150 
FAX: 908 885-6140 



North American Sales Offices and Representatives (Continued) 

Trltek Sales, Inc. 
Suite 410 
One Cherry Hill 
Cherry Hill, NJ 08002 
TEL: (609) 667·0200 
FAX: 609 667 8741 

NEW MEXICO 
Comp ... Mktg ... Sales, Inc. 
Suite 109 
4100 Osuna Rd., NE 
Albuquerque, NM 87109 
TEL: (505) 344·9990 
FAX: 505 345 4848 

NEW YORK 
Harris Semiconductor 
Hampton Business Center 
1611 Rt 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 
Foster .. Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748·5963 
FAX: 6077485965 
42 Redspire Way 
East Amherst, NY 14051 
TEL: (716) 688-7864 
FAX: 716 688-7884 
2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385·n44 
FAX: 7165861359 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457·7954 
FAX: 315 457 7076 

o Trlonic Associates, Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 468-2300 
FAX: 516 466 2319 

NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MSI2TOB 
Durham, NC 2n03 
TEL: (919) 549-3600 
FAX: 919 549 3660 
New Era Sales 
Suite 203 
1110 Navajo Dr. 
Raleigh, NC 27609 
TEL: (919) 878-0400 
FAX: 919 878 8514 

OHIO 
Glestlng .. Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385·1105 
FAX: 513 385 5069 
Suite 521 
26250 Euclid Avenue 
Cleveland, OH 44132 
TEL: (216) 261·9705 
FAX: 216 2615624 
6324 Tamworth Ct. 
Dublin, OH 43017 
TEL: (614) 792·5900 
FAX: 614 792·6601 

North American Authorized Distributors 
CORPORATE OFFICES 

Arrow/Schweber 
25 Hub Dr. 
Melville, NY 11747 
TEL: (516) 391·1300 
FAX: 516 391 1844 
Almac Electronics Corp. 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 
TEL: (206) 643-9992 
FAX: 206 643 9709 
EMC (Electronics Mktg Corp) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 

Falcon Electronics 
5 Higgins Dr. 
MiHord, CT 06460 
TEL: (203) 878-5272 
FAX: 203 8n 2010 

Gerber Electronics, Inc. 
128 Camegie Row 
Norwood, MA 02062 
TEL: (617) 769·6000 
FAX: 617 766 8931 

Hall·Mark Electronics 
11333 Pagemlll Rd. 
P.O. Box 222035 
Dallas, TX 75243 
TEL: (214) 343-5000 
FAX: 214 343 5988 

OKLAHOMA 
Nova Marketing 
Suite 1339 
81250 East 51st Street 
Tulsa,OK74145 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 665 3815 

OREGON 
Northwest Marketing Assoc. 
Suite 330 
6975 SW Sandburg Road 
Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 

PENNSYLVANIA 
Glesting .. Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 

TEXAS 
Harris Semiconductor 

o Suite 205 
17000 DaUas Parkway 
Dallas, TX 75248 
TEL: (214) 733-OBOO 
FAX: 214 733 0819 
Nova Marketing 
Suite 174 
8350 Meadow Rd. 
Dallas, TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 

°Field Application Assistance Available 

HamlitonlAvnet 
10950 W. washington Blvd. 
Culver City, CA 90230 
TEL: (310) 558-2000 
FAX: 3105582809 (Mil) 
FAX: 310 558 2076 (Com) 
m Multlcomponents 
300 North Rivermede Rd. 
Concord, Ontario 
Canada L4K 2Z4 
TEL: (416) 798-4684 
FAX: 416 798 4889 
Newark Electronics, Inc. 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275·9596 

April 1993 

Suite 180 
8310 Capitol of Texas Hwy. 
Austin, TX 78731 
TEL: (512) 343-2321 
FAX: 512 343-2487 
Suite 141 
9207 Country Creek Rd. 
Houston, TX 77038 
TEL: (713) 988·6082 
FAX: 713 n41014 

UTAH 
Comp ... Marketing" Sales 
Suite 320 
5 Triad Center 
Salt Lake City, UT 84180 
TEL: (801) 322·0391 
FAX: 801 322-0392 

WASHINGTON 
Northwest Marketing Assoc. 

,Suite330N 
12835 Bel·Red Road 
Bellevue, WA 98005 
TEL: (206) 455·5846 
FAX: 206 4511130 

WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782·6660 
FAX: 414 782 7921 

Wyle laboratories 
(Commercial & Military) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727·2500 
FAX: 408 988-2747 

Obsolete Products 
Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport. MA 01950 
TEL: (508) 462·9332 
FAX: 50B 462 9512 

Hamilton! Avnet and Arrow Electronics are the only two authorized North American distributors for the stocking 
and sale of Harris M&AD's Space level product offering. 
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North American Authorized Distributors April 1993 

Wyle laboratories Wyle Laboratories INDIANA ALABAMA Calabasas Thornton ArrowlSchweber ArrowlSchweber TEL: (818) 880-9000 TEL: (303) 457-9953 Indianapolis Huntsville 
Irvine TEL: (317) 299-2071 TEL: (205) 837-6955 
TEL: (714) 863-9953 CONNECTICUT 

Hall-Mark Hall-Mark 
Rancho Cordova 

ArrowlSchweber 
Indianapolis Huntsville Wallingford 

TEL: (205) 837-8700 TEL: (916) 638-5282 TEL: (203) 265-7741 TEL: (317) 872-8875 

HamiltonlAvnet HamiltonlAvnet San Diego Falcon 
Carmel Huntsville TEL: (619) 565-9171 

Milford 
TEL: (317) 844-9333 TEL: (205) 837-7210 Santa Clara TEL: (203) 878-5272 

TEL: (408) 727-2500 Hall-Mark IOWA ARIZONA Cheshire ArrowlSchweber ArrowlSchweber CANADA TEL: (203) 271-2844 Cedar Rapids Tempe ArrowlSchweber 
HamiltonlAvnet TEL: (319) 395-7230 TEL: (602) 431-0030 Burnaby, British Columbia 
Danbury HamiltonlAvnet Hall-Mark TEL: (604) 421-2333 
TEL: (203) 743-9799 Cedar Rapids Phoenix Dorval, Quebec 

TEL: (319) 393-0033 TEL: (602) 437-1200 TEL: (514) 421,7411 FLORIDA 
Tucson Nepan, Ontario ArrowlSchweber KANSAS TEL: (604) 437-0515 TEL: (613) 226-6903 Deerfield Beach Arrow/schweber 
HamiitonlAvnet Mississagua, Ontario TEL: (305) 429-8200 Lenexia 
Tempe TEL: (416) 670-7769 Lake Mary TEL: (913) 541-9542 
TEL: (602) 902-4500 HamlltonlAvnet TEL: (407) 333-9300 Hall-Mark 
Wyle laboratories Burnaby, B.C. Hall-Mark Lenexa 
Phoenix TEL: (604) 420-4101 Largo TEL: (913) 888-4747 
TEL: (602) 437-2088 M ississaugua, Ontario (813) 541-7440 HamiltonlAvnet 

TEL: (416) 564-6060 Pompano Beach Lenexa 
CALIFORNIA Nepean, Ontario TEL: (305) 971-9280 TEL: (913) 888-1055 

Arrow/schweber TEL: (613) 226-1700 HamiitonlAvnet 
Calabasas 

SI. Laurent, Quebec FI. Lauderdale KENTUCKY 
TEL: (818) 880-9686 TEL: (305) 733-6300 HamlitonlAvnet 
Fremont TEL: (514) 335-1000 

Lexington 
TEL: (408) 432-7171 ITT Multlcomponents SI. Petersburg 

TEL: (606) 259-1475 
Burnaby, British Columbia TEL: (813) 530-0644 

Irvine 
TEL: (714) 433-0669 TEL: (604) 291-8866 Winter Park MARYLAND 

Calgary, Alberta TEL: (407) 657-3344 Arrow/schweber San Diego 
TEL: (403) 273-2780 Columbia TEL: (619) 565-4800 
Concord, Ontario GEORGIA TEL: (301) 596-7800 San Jose 
TEL: (416) 798-4884 Arrow/schweber 

Falcon TEL: (408) 441-9700 Duluth 
Baltimore Hall-Mark Edmonton, Alberta TEL: (404) 497-1300 
TEL: (410) 247-5800 Chatsworth TEL: (800) 332-8387 

Hall-Mark Hall-Mark TEL: (818) 773-4500 V. SI. Laurent, Quebec Duluth Columbia 
Irvine TEL: (514) 335-7697 TEL: (404) 623-4400 TEL: (410) 988-9800 
TEL: (714) 727-6000 Nepean, Ontario HamlitonlAvnet HamlitonlAvnet 
Rocklin TEL: (613) 596-6980 Duluth Columbia 
TEL: (916) 624-9781 Vancouver TEL: (404) 623-5475 TEL: (410) 995-3500 TEL: (604) 291-8866 
San Diego 

Winnipeg, Manitoba ILLINOIS MASSACHUSETTS TEL: (619) 268-1201 
TEL: (204) 786-8401 ArrowlSchweber ArrowlSchweber San Jose 

Itasca Wilmington TEL: (408) 432-4000 COLORADO TEL: (708) 250-0500 TEL: (508) 658-0900 HamiitonlAvnet Arrow/schweber Hall-Mark Gerber Costa Mesa Englewood Wood Dale Norwood TEL: (714) 641-4100 TEL: (303) 799-0258 TEL: (708) 860-3800 TEL: (617) 769-6000 
Roseville Hall-Mark HamlitonlAvnet Hall-Mark TEL: (916) 781-6614 Englewood Bensenville Billerica 
San Diego TEL: (303) 790-1662 TEL: (708) 860-7700 TEL: (508) 667-0902 
TEL: (619) 571-7540 HamlitonlAvnet Newark HamlitonlAvnet 
Sunnyvale Englewood Chicago Peabody 
TEL: (408) 743-3300 TEL: (303) 799-7800 TEL: (312) 907-5436 TEL: (508) 532-3701 
Woodland Hills Colorado Springs 

TEL: (818) 594-0404 TEL: (719) 637-0055 
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North American Authorized Distributors (Continued) 

MICHIGAN NEW YORK OKLAHOMA 
ArrowlSchweber Falcon ArrowlSchweber 
Livonia Hauppauge Tulsa 
TEL: (313) 462-2290 TEL: (516) 724-0980 TEL: (918) 252-7537 

Hall-Mark ArrowlSchweber Hall-Mark 
Livonia Hauppauge Tulsa 
TEL: (313) 416-5800 TEL: (516) 231-1000 TEL: (918) 254-6110 

HamlitonfAvnet Melville 
HamlltonfAvnet 

Novi TEL: (516) 391-1276 
Tulsa 

TEL: (313) 347-4270 TEL: (516) 391-1300 
TEL: (918) 252-7297 

Grandville 
TEL: (516) 391-1277 

TEL: (616) 531-0345 Rochester OREGON 
TEL: (716) 427-0300 AlmacJArrow 

MINNESOTA Hall-Mark Beaverton 
ArrowlSchweber Fairport TEL: (503) 629-8090 
Eden Prarie TEL: (716) 425-3300 

HamlitonfAvnet 
TEL: (612) 941-5280 Ronkonkoma Beaverton 
Hall-Mark TEL: (516) 737-0600 (503) 526-6200 
Bloomington HamlitonfAvnet Wyle laboratories 
TEL: (612) 881-2600 Syracuse Beaverton 
HamlltonfAvnet TEL: (315) 453-4000 TEL: (503) 643-7900 
Minnetonka Hauppauge 
TEL: (612) 932-0678 TEL: (516) 231-9800 PENNSYLVANIA 

Rochester ArrowlSchweber 
MISSOURI TEL: (716) 475-9130 PittSburgh 

ArrowlSchweber TEL: (412) 963-6807 
Sl Louis NORTH CAROLINA HamlitonfAvnet TEL: (314) 567-6888 ArrowlSchweber Pittsburgh 
Hall-Mark Raleigh TEL: (412) 281-4150 
Earth City TEL: (919) 876-3132 
TEL: (314) 291-5350 EMC TEXAS 
HamlitonfAvnet Charlotte ArrowlSchweber 
Chesterfield (704) 394-6195 Austin 
TEL: (314) 537-4265 Hall-Mark TEL: (512) 835-4180 

Raleigh Dallas NEW HAMPSHIRE TEL: (919) 872-0712 TEL: (214) 308-8105 HamlitonfAvnet HamlitonfAvnet 
Manchester Raleigh Houston 
TEL: (603) 624-9400 TEL: (919) 878-0819 

TEL: (713) 530-4700 

Hall-Mark 
NEW JERSEY OHIO Austin 

ArrowlSchweber ArrowlSchweber TEL: (512) 258-8848 
Marlton Solon Dallas 
TEL: (609) 596-8000 TEL: (216) 248-3990 TEL: (214) 343-5000 - Corp. 
Plnebrook Centerville TEL: (214) 343-5009 
TEL: (201) 227-7880 TEL: (513) 435-5563 TEL: (214) 553-4300 - Branch 
Hall-Mark EMC Houston 
Parsippany Columbus TEL: (713) 781-6100 
TEL: (201) 515-3000 TEL: (614) 299-4161 HamlltonfAvnet 
Moorestown Hall-Mark Austin 
TEL: (609) 235-1900 Worthington TEL: (512) 832-4306 
HamiitonfAvnet TEL: (614) 888-3313 Dallas 
Cherry Hill Solon TEL: (214) 308-8105 
TEL: (609) 424-0100 TEL: (216) 498-1100 Houston 
Parsippany 

HamlltonfAvnet TEL: (713) 861-8517 
TEL: (201) 515-5300 Day10n Wyle laboratories 

NEW MEXICO TEL: (513) 439-6721 Austin 

HamiitonfAvnet Columbus TEL: (512) 345-8853 

Albuquerqua TEL: (614) 882-7389 Houston 
TEL: (505) 345-0001 Solon TEL: (713) 879-9953 

TEL: (216) 573-7400 Richardson 
TEL: (214) 235-9953 
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UTAH 
ArrowlSchweber 
Salt Lake City 
TEL: (801) 973-6913 

HamiitonfAvnet 
Salt Lake City 
TEL: (801) 266-2022 
Hall-Mark 
Salt Lake City 
TEL: (801) 269-0416 
Wyle laboratories 
West Yalley 
TEL: (801) 974-9953 

WASHINGTON 
AlmacJArrow 
Bellevue 
TEL: (206) 643-9992 

Spokane 
TEL: (509) 924-9500 

Hall-Mark 
Seattie 
TEL: (206) 290-8344 
TEL: 1-800-548-3976 
FAX: 206 290 8941 

HamiitonfAvnet 
Redmond 
TEL: (206) 881-6697 

Wyle laboratories 
Redmond 
TEL: (206) 881-1150 

WISCONSIN 
ArrowlSchweber 
Brookfield 
TEL: (414) 792-0150 

Hall-Mark 
New Berlin 
TEL: (414) 797-7844 
HamiitonfAvnet 
Waukesha 
TEL: (414) 784-5411 

South American 
Authorized Distributor 

Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton. Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 



European Sales Offices and Representatives April 1993 

European Sales Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee, 100 
1130 Brussels, BelgIum 
TEL: 32 2 24621 11 
FAX: 32 2 246 22 05 
FAX: 32 2 246 22 06 

AUSTRIA 
Transistor 
Hitronlk Ve",lebages mbH 
Auhofstrasse 41A 
A -1130 Vienna 
TEL: 43 222 8n 94 01 
FAX: 43 222 8n 64 40 
TWX: 133738 

DENMARK 
Delco AS 
Mejerlbaken 8 
OK - 3540 Lynge 
TEL: 45 42189533 
FAX: 45 42 1895 30 

FINLAND 
TeknokltOY 
Reinkkalan Kartano 
SF· 51200 Kangesnleml 
TEL: 358 59 432031 
FAX: 358 59 432367 

FRANCE 
• HarrIs Semlconducteurs SARL 

2-4, Avenue de l'Europe 
F· 78140 Vellzy 
TEL: 33 1 34 65 40 80 (DIst) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 
TLX:697060 
Unirep 
Z. I. De La Bonde lBIS 
Rue Marcel Paul 
F • 91300 MASSV 
TEL: 331 69 20 03 64 
FAX: 33 1 69200061 

GERMANY 
• Harris Semiconductor 

GmbH 
putzbrunnerstrasse 69 
8000 Muenchen 83 
TEL: 49 89 63813 0 
FAX: 49 89 6376201 
TLX: 529051 

Harris SemIconductor 
GmbH 
Kieler stresse 55 • 59 
2085 Qulckborn 
TEL: 494106 5002 04 
FAX: 49 4106 68850 
TLX:211582 

Harris Semiconductor 
GmbH 
Wegener Strasse, 5/1 
7032 Sindellingen 
TEL: 497031 8694'() 
FAX: 497031 873 849 
TLX: 7265431 

Ecker Mlchelstadt GmbH 
Koningsberger Strasse, 2 
o -6120 Mlchelstadt 
TEL: 49 6061 2233 
FAX: 49 6061 5039 
TWX: 4191630 
Erwin W. Hildebrandt 
Nieresch32 
o -4405 Nottuln'Darup 
TEL: 49 2502 6065 
FAX: 49 25021889 
TWX: 892565 
Fink Handelver1retung 
Margreider Platz 
Laurlnweg 1 
o -8012 Ottobrunn Bel 
Munchen 
TEL: 49 89 6097 004 
FAX: 49 89 6098170 
TWX: 529298 

ISRAEL 
Aviv Electronics Ltd 
Hayetzlra 4, Ind. Zone 
Ra'anana 43651 
TEL: 972 52 963232 
FAX: 972 52 916510 

ITALY 
• HarrlsSRL 

Viale Fulvlo Testl, 126 
20092 Cinisello Balsamo 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 248 66 20 
39226222 158 (ROSE) 
TWX: 324019 

PORTUGAL 
Cristalonlca Componentes 
De RadIo E Televisao Lela 
Rua Bemardim Ribeiro, 25 
P ·1100 Usbon 
TEL: 351 13534631 
FAX: 351 1356 1755 
TWX: 64119 

SPAIN 
ElcosS.A. 
Loeches 1-3 
SP • 28008 Madrid 
TEL: 341 5417510 
FAX: 34 1541 7511 

TURKEY 
EMPAAS 
Elekb'onik Mamullerl 
Pazarlarna AS 
Besyol Londra Asfalli 
34630 Sefakoy/lstanbul 
TEL: 90 1 5993050 
FAX: 90 1 598 5353 
TWX: 21137 

UNITED KINGDOM 
• Harris Semiconductor Ltd 

Riverside Way 
Camberley 
Surrey GU15 3VQ 
TEL: 44276 686 886 
FAX: 44 276 682 323 

Laser ElectronIcs 
Ballynamoney 
Greenore 
Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
TWX: 43679 
S.M.D. 
182, Hall Lane 
Aspull, Wigan 
Lanes WN2 2SS 
TEL: 44 942 54867 
FAX: 44 942 525317 

Stuar1 Electronics Ltd. 
Phoenix House 
Bothwell Road 
Csstlehlll, Cerluke 
Lanarkshlre ML6 5UF 
TEL: 44 555 51566 
FAX: 44 555 51562 
TWX:m404 

YUGOSLAVIA 
Avtotehna 
P.O. Box 593 
Celovska 175 
YU - 61000 Ljubljana 
TEL: 38 61 552341 
FAX: 38 61552563 
TWX: 31639 

European Authorized Distributors 

AUSTRIA 
MOOR Elektronlk GmbH 
Lamezanstrasse 10 
A-l232WIEN 
TEL: 43 222 610 62'() 
FAX: 43 222 610625 
TransIstor 
Hltronlk Ver1rlebsges mbH 
Auhofstrasse 41 A 
A - 1130 Vienna 
TEL: 43222 8n 9401 
FAX: 43 222 8n 6440 
TWX: 133738 

BELGIUM 
DIode BelgIum 
Kelberg II 
Mlnervastraat, 14/82 
B·l930 Zaventam 
TEL: 32 2 725 4511 
FAX: 32 2 725 46 60 

• lnelco Components .. 
Networks Company SA/NV 
Avenue des CroiX de Guerre 94 
B • 1120 Brussels 
TEL: 32 2 244 28 11 
FAX: 32 2 216 46 06 
TWX: 64475 

DENMARK 
Ditz SchweItzer AIS 
Vallensbaekvej 41 
Postboks 5 
OK • 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 
TWX: 33257 

FINLAND 
Vlelselektronllkka OV 
Telercas 
P.O. Box 63 
Luornannolko, 6 
SF • 02201 Espoo 
TEL: 358 0 4526 21 
FAX: 358 0 45262231 

FRANCE 
• Almex 

48 rue de l'Aubapine 
Zone Industrialle 
D'Antony·BP 102 
F - 92160 Antony 
TEL: 33 1 40 96 54 00 
FAX: 33 1 46 66 60 28 
TWX: 250067 

• AvnetEMG 
81 Rue Pierre Semard 
F • 92320 Chatillon Sous 
Bagneux 
TEL: 33 1 49 65 27 00 
FAX: 33 1 49 65 27 38 
TWX: 632247 

• CCI Electronlque 
5 Rue Marcelin Berthelot 
Zone Industrielle D'Antony 
BP92 
F - 92164 Antony Cedex 
TEL: 33 1 46744700 
FAX: 33 1 40 96 92 26 
TWX: 203881 

• Tekelec AIr1ronlc 
Cite Des Bruyeres 
Rue Carle Vernet 
F· 92310 Sevres 
TEL: 33 1 46 23 24 25 
FAX: 33 1 450721 91 
TWX: 634018 

HarrIs Semiconductor 
Chip Distributors 

Hybrltech CM (HCM) 
7, Avenue Juliot Curle 
F • 17027 LA Rochelle Cedex 
TEL:3346451270 
FAX: 33 46 45 04 44 
TWX: 793034 

Edgetek 
Zal De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 48 06 50 
FAX: 33 1 6928 43 96 
TWX: 600333 

·Field Application Assistance Available 
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ELMO 
Z. A. De La Tuilerie ISRAEL SPAIN ESD Distribution Ltd 

B. P.l077 Aviv Electronics Ltd Amltron SA. Edinburgh Way, Harlow 

78204 Mantes-La.Jolle Hayetzira 4, Ind. Zone Avenida Valladolid 470 BAJO Essex CM20 2DF 

TEL: 33 1 34 77 16 16 Ra'anana 43651 SP - 28008 Madrid TEL: 44 279 626777 

FAX: 33 1 34 77 95 79 TEL: 972 52 983232 TEL: 34 1 542 09 06 FAX: 44 279 441687 

TWX: 699737 FAX: 972 52 916510 TEL: 341 5479313 TWX: 818801 
FAX: 34 1 541 7655 Farnell Electronic 

EASTERN COUNTRIES ITALY 
TWX: 45550 Components Ltd_ 

HEVGmbH Eurelettronlca SpA EBV Elektronlk Ver1rlebs Marketing & Purchasing Div. 

Halblelter-Electronlc Via Enrico Fermi, 8 GmbH Armley Road, Leeds 

Ver1rlebs GmbH I - 20090 Assago (MI) Sucursal Espagna West Yorkshire LS12 200 

Alexander Platz TEL: 39 2457841 Calle Maria Tubau 8 TEL: 44 532 790101 

0-1026, Berlin FAX: 39 2 488 02 75 SP - 28049 Madrid FAX: 44 532 633404 

TEL: 49302483400 EBV Elektronlk SRL 
TEL: 34 1 358 8608 TWX: 55147 

FAX: 49 30 248 3424 Via Frova, 34 
FAX: 34 1 358 6560 Jermyn DistribU1ion 

F-20092 Cinisello Balsamo (MI) SWEDEN Vestry Industrial Estate 

GERMANY 
TEL: 39 2660.17111 Bexab Technology AB Sevenoaks 

Alfred Neye Enatechnlk GmbH 
FAX: 39 2 660.17020 Kemlstvagen, lOA Kent TN14 5EU 

Schillerstrasse 14 Lasl Elettronlca SpA P.O. Box 523 TEL: 44 732 743743 

o -2085 Ouickbom Vlale Fulvio Testi 280 S - 183 25 Taby FAX: 44 732 451251 

TEL: 49 4106 6120 1- 20126 Milano TEL: 46 8 630 8800 TWX: 95142 

FAX: 49 4106 61 2268 TEL:3926610 1370 FAX: 46 8 732 70 58 Macro Marketing Ltd 

TWX: 213590 FAX:39266101385 MartlnS80n Elektronlk AB BumhamLane 

HED Heinrich Electronic 
TWX: 352040 Instrumentvaegen 15 Slough, Berkshire SL 1 6LN 

Distribution GmbH Silverstsr Ltd_ Box 9060 TEL: 44 628 604422 

Steller Strasse 529 Viale Fulvio Testi 280 S - 126 09 Hagersten FAX: 44 628 666873 

o -4300 Essen 14 1- 20126 Mileno TEL: 46 8 744 03 00 TWX: 847945 

TEL: 49 201 56 36 225 TEL: 39 2 66 1251 FAX: 48 877434 03 Mlcromark Electronics Ltd_ 

FAX: 49 201 5636 268 FAX: 39 2 66101359 TWX: 13077 Boyn Valley Road 

Indeg Industria Elektronlk 
TWX: 332189 SWITZERLAND 

Maidenhead 

GmbH NETHERLANDS 
BASIX fur Elektronlk AG 

Berkshire SL6 4DT 

Postfach 1563 Hardturmstrasse 181 
TEL: 44 628 76176 

Emil Kommerling Str. 5 
• Aurlema Nederland BV Postfach FAX: 44 628 783799 

o -6780 Pirmasens 
Beatrix de RiJkweg 8 CH - 8010 ZUrich TWX: 847397 

TEL: 49 6331 94 065 
NL - 5657 EG Eindhoven TEL: 41127611 11 Thame Components 

FAX: 49 6331 94 084 
TEL: 31 40502602 FAX: 41 1 276 1234 Thame Park Rd. 
FAX: 31 40510255 

TWX: 452269 TWX: 51992 
TWX: 622966 Thame, OXfordshire oxe 3UO 

Jermyn GmbH Diode Components BV 
MOOR Electronic AG TEL: 44 844 261188 

1M Dachsstueck 9 Bahnstrasse 58160 FAX: 44 844 261681 

o -6250 Umburg 4 
Coitbaan 17 CH - 8105 Regensdorf TWX: 837917 

TEL: 49 6431 5080 
NL - 3439 NG Nieuwegein TEL: 411 8433111 Harris Semiconductor 

FAX: 49 6431508 289 
TEL: 31 340291234 FAX: 41 1 843 39 10 

TLX: 415257 0 
FAX: 31 3402359 24 

Chip Distributors 

TURKEY 
Die Technology Ltd. 

SascoGmbH NORWAY EMPA Corbrook Rd., Chadderton 

Hermann-Oberth Strasse 16 Hans H. Schive AIS Elektronik Mamulleri Lancashire OL9 9SD 

0- 8011 Putzbrunn- Undelstadlia 27 Pazarlama AS TEL: 44 616263827 

Bei-Muenchen Postboks 185 Besyol Londra Asfalti FAX: 44 61 627 4321 

TEL:498946110 N - 1371 Asker 34630 Sefakoy/lstanbul TLX:668570 

FAX: 49 89 46 11 270 TEL: 47 66 900 900 TEL: 90 1 5993050 Eltek Semiconductor Ltd. 
TWX: 529504 FAX: 47 66 904 484 FAX: 90 1 598 5353 Nelson Rd. Industrial Estate 

Spoerle Electronic KG TWX: 19124 TWX: 21137 Dartmouth 

Max-Planck Strasse 1-3 
Devon T06 9NA 

o -6072 Dreielch PORTUGAL 
UNITED KINGDOM TEL: 44 803 83 4455 

1- Bei-Frankfurt Cristslonlca 
AvnetEMG FAX: 44 803 83 3011 

TEL: 49 6103 30 48 Componentes De Radio E 
Jubilee House, Jubilee Road 

Rood Technology 
FAX: 49 6103304201 Televisao, Lda 

LeJchworth 

TWX: 417972 Rua Bemardim Ribeiro, 25 
Hertfordshire SG6 10H Test House Mill Lane, Alton 

P - 1100 Usbon 
TEL: 44 462 480888 Hampshire GU34 20G 

GREECE TEL: 351 135346 31 
FAX: 44 462 488567 TEL: 44 420 88022 

SemlconCo_ FAX: 351 1356 1755 
TWX: 826505 FAX: 44 420 87259 

104 Aeolou Street TWX: 64119 
TLX:858456 

GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 321 60 63 
TWX: 216684 

·Field Application Assistance Available 
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Asian Pacific Offices and Representatives 

NORTH ASIA 
Sales Headquarters 
JAPAN 

Harris K.K. 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163-08 
Japan 
TEL: 81-3-3345-8911 
FAX: 81-3-3345-8910 

SOUTH ASIA 
Sales Headquarters 
HONG KONG 

Harris Semiconductor H.K. 
Ltd. 
131F Fourseas Building 
208-212 Nathan Road 
Tsirnshatsul, Kowloon 
TEL: 852-723-6339 
FAX: 852-739-8946 
TLX: 78043645 

AUSTRALIA 

VSI Promark Electronics 
Pty Ltd 
16 Dickson Avenue 
Artarmon NSW 2064 
TEL: (61) 2-439-4655 
FAX: (61) 2-439-6435 

Asian Pacific Authorized Distributors 
AUSTRALIA 

VSI Promark Electronics 
Pty Ltd 
16 Dickson Avenue 
Artarmon, NSW 2064 
TEL: (61) 2-439-4655 
FAX: (61) 2-439-6435 

HONG KONG 
Inchcape Industrial 
1 OfF, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwal Fong 
New Territories 
TEL: (852) 410-6555 
FAX: (852) 401-2497 

Fattafa Limited 
No.7,1/F., 
Hope Sea Industrial Centre 
26 Lam Hing Street 
Kowloon Bay, Kowloon 
TEL: (852) 796-6686 
FAX: (852) 796-0125 

Means Come Ltd. 
Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 

Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 
TEL: (852) 790-8073 
FAX: (852) 763-5477 

Array Electronlocs Limited 
Unit 1, 24/F 
Wyler Centre Phase 2 
200 Tai Lin Pai Road 
Kwal Chung 

Electrocon Products, Ltd. 
8F, Block B 
Prosperity Centre 
Tl Container Port Road 
Kwal Chung, N.T. 
TEL: (852) 481-6022 
FAX: (852) 481-5804 

JAPAN 
Hakuto Co., Ltd. 
Toranomon Sangyo Bldg. 
1-2-29, Toranomon 
Minato-ku, Tokyo 105 
TEL: 03-3225-8910 
FAX: 03-3597-8975 

Macnica Inc. 
Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 
TEL: 045-939-6116 
FAX: 045-939-6117 

Jeplco Corp. 
Shinjuku Dalichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 

Micron, Inc. 
Misuzu Bldg. 
4-27-12, Sendagaya, 
Shibuya-Ku, Tokyo 151 
TEL: 03-3796-1860 
FAX: 03-3796-1866 

Okura Electronics Co., Ltd. 
2-3-6, Ginza Chuo-ku, 
Tokyo 104 
TEL: 03-3564-6871 
FAX: 03-3564-6870 

KOREA 
Harris Semiconductor YH 
RM #419-1 4TH FL. 
Korea Air Terminal Bldg. 
159-1, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 

Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 
Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

Takachiho Kohekl Co., Ltd. 
1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 

KOREA 
KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-8496 

Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 
Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

NEW ZEALAND 
Components and Instru
mentation NZ, Ltd. 
Semple Street 
Porirua, Wellington 
P.O. Box 50-548 
TEL: (64) 4-237-5632 
FAX: (64) 4-237-8392 

PHILIPPINES 
Crystalsem, Inc. 
216 Ortega Street 
San Juan, Metro 
Manila 3134 
TEL: (632) 79-05-29 
TLX: 722-22031 (IMCPH) 

New Territories 
TEL: (852) 481-6832 
FAX: (852) 481-6992 !:Il HARRIS \&JI SEMICONDUCTOR (852) 481-6993 
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SINGAPORE 
Harris Semiconductor 
Pte Ltd. 
105 Boon Keng Road 
#01-01 Singapore 1233 
All: Sales Office 
TEL: (65) 291-0203 
FAX: 65-293-4301 
TLX: RS36460 RCASIN 

TAIWAN 
Harris Semiconductor 
Room 1103 
600 Ming Chuan East Road 
Taipei 
TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX:78525174 

SINGAPORE 
B.B.S Electronics PTE, Ltd. 
1 Genting Link 
#05-03 Perfect Indus!. Bldg. 
Singapore 1334 
TEL: (65) 7488400 
FAX: (65) 7488466 

Device Electronics PTE, Ltd. 
605B MacPherson Road 
04-12 Cilimac Ind. Complex 
Singapore 1336 
TEL: (65) 2886455 
FAX: (65) 2879197 

TAIWAN 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 

Acer Sertek Inc. 
3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 

TECO Enterprise Co., Ltd. 
1 OFL., No. 292, Min-Sheng 
W. Road, Taipei 
Taiwan, ROC 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 

THAILAND 
Platworth Co. Ltd. 
226/227 Phahonyothin Rd. 
Phyathai, Bangkok 10400 
TEL: (662) 271-8742 
FAX: (662) 271-2494 




