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New Product Literature (Referenced)

AN1046 AN1122 AN1510
AN1077 AN1203



(W) moToroLa

LINEAR/INTERFACE
ICs DEVICE DATA

This publication presents technical information for the broad line of Linear and Interface Integrated Circuit
products. Complete device specifications are provided in the form of Data Sheets which are categorized by product
type into ten chapters for easy reference. Selector Guides by product family are provided in the beginning of each
Chapter to enable quick comparisons of performance characteristics. A Cross Reference chapter lists Motorola
nearest replacement and functional equivalent part numbers for other industry products.

A chapter is provided to illustrate Package Outline and includes information on Surface Mount Devices (SMD).

Additionally, chapters are provided with information on Quality program concepts, high-reliability processing,
and abstracts of available Technical Literature.

The information in this book has been carefully checked and is believed to be accurate; however, no responsibility
is assumed for inaccuracies.
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application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the
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New Product Literature

Chapter 2 has an addendum providing applications information on operational
amplifiers.

The applications information which formerly appeared in the Motorola
Linear/Switchmode Voltage Regulator Handbook (HB206) is now included as an
addendum to Chapter 3. )

An addendum covering RF applications information has been added to Chapter 8.

The Surface Mount Technology in Chapter 12 has been expanded to include
Multiple Package Quantity (MPQ) information for surface mount and TO-92
packages shipped in Tape and Reel or Ammo Pack Styles. Mechanical Polarization
drawings for the TO-92 (TO-226AA) in tape and reel plus the ammo pack styles
have also been added to Chapter 12.

Data Classification

Product Preview

This heading on a data sheet indicates that the device is in the formative stages or
in design (under development). The disclaimer at the bottom of the first page reads:
“This document contains information on a product under development. Motorola
reserves the right to change or discontinue this product without notice.”

Advance information

This heading on a data sheet indicates that the device is in sampling,
pre-production, or first production stages. The disclaimer at the bottom of the first
page reads: “This document contains information on a new product. Specifications
and information herein are subject to change without notice.”

Fuliy Released

Afully released data sheet contains neither a classification heading nor a disclaimer
at the bottom of the first page. This document contains information on a product in
full production. Guaranteed limits will not be changed without written notice to your
local Motorola Semiconductor Sales Office.

C-QUAM®, Designer’s, MDTL, MECL, MECL 10,000, MONOMAX, MOSAIC®, MRTL,
MTTL, MOSFET, SENSEFET, SLEEP-MODE, SMARTMOS, Switchmode, and
ZIP-R-TRIM® are trademarks of Motorola Inc.



Index and Cross Reference
C

In Brief...

Motorola linear and interface integrated circuits cover a
much broader range of products than the traditional op
amps, regulators and consumer-image associated with
linear suppliers. Linear circuit technology currently
influences the design and architecture of equipment for all
major markets. As with other integrated circuit technologies,
linear circuit design techniques and processes have been
continually refined and updated to meet the needs of these
diversified markets.

Operational amplifiers have utilized JFET inputs for
improved performance, plus innovative design and trimming
concepts have evolved for improved high performance and
precision characteristics. In linear power ICs, basic voltage
regulators have been refined to include higher current levels
and more precise three-terminal fixed and adjustable
voltages. The power area continues to expand into switching
regulators, power supply control and supervisory circuits,
and motor controllers.

Linear designs also offer a wide array of line drivers,
receivers and transceivers for many of the EIA, European,
IEEE and IBM interface standards. Peripheral drivers for a
variety of devices are also offered. In addition to these key
interface functions, a variety of magnetic and semiconductor
memory read, write, sense and RAM control circuits are als
available. -

In data conversion, the original A-D and D-A converters
have been augmented with high performance video speed
and multiplying designs. Linear circuit technology has also
provided precision low voltage references for use in data
conversion and other low temperature drift applications.

A host of special purpose linear devices have also been
developed. These circuits find applications in telecommica-
tions, radio, television, automotive, RF communications,
and data transmission. These products have reduced the
cost of RF communications, and have provided capabilities
in telecommunications which make the telephone line
convenient for both voice and data communications. Linear
developments have also reduced the many discrete
components formerly required for consumer functions to a
few IC packages, and have made significant contributions
to the rapidly growing market for electronics in.automotive
applications.

The table of contents provides a perspective of the many
markets served by linear/interface ICs and of Motorola’s
involvement in these areas.



Alphanumerlc Index

Device Device ‘
 Number ~ Page Number : Funciion Page
AM26LS30 Dual Differential/Quad Smgle-Ended Line Drivers 71 LM393,A Dual Comparators 2-72
AM26LS31 Quad Line Driver with NAND Enabled 7-22 LM833 Dual Low Noise, Audio Operational Amplifier 2-85
Three-State Outputs LM2900 | Quad Single Supply Operational Amplifier 2144
AM26LS32 Quad EIA-422/423 Line Receiver 7-25 1M2901 Quad Single Supply Comparator 256
CA3054 Dual Differential Amplifier 9-27 LM2902 | Quad Low Power Operational Amplifier 250
CA3059 Zero Voltage Switches 4-10 LM2903 | Dual Comparator 272
CA3079 Zero Voltage Switches 410 LM2904 | DualLow Power Operanonal Amplifier 260
CA3146 1-Differgmially Connected and 3-Isolated 9-28 1M2931 | Low Dropout Voltage Regulator 388
Transistor Arays LM2935 Low Dropout Dual Regulator 395
DAC-08 High Speed 8-Bit Multiplying 66 LM2950 | Micropower Voltage Regulators 3.98
Do-A Converter § LM2951 Micropower Voltage Regulators 3-98
LF347 JFET Input Operat!onal AmpI!ﬁer 213 LM3900 Quad Single Supply Operational Amplifier 2-44
el j:fg ::g:: 8"::::}22:: 2:2::22:5 ;:g | |mcsT2eA Quad Three-State Bus Transceiver 7-28
s it ; T MC8T97 Hex Three-State Buffer/Inverter 733
Menolithic JFET Input Operational Amplifiers 218 MC8T98 Hex Three-State Buffer/inverter 7.33
m"(’;‘:f"s';’ia g’sﬁ‘:’gg‘fg“’:“" Amplfiers - f;i MC1330A Low-Level Video Detector 930
: Operational Amplifiers : MC1350 I Amplfﬁer 936
LF4120 Low Oﬂsel Low Drift JFr.:T Input 204 MC1357 IF Arpphﬁer and Quadl:alu‘re Detector 9-40
il al Ampiif MC1878 | TV Video Modulator Gircuit 9-46
. i 97 MEA374 | TV Modulater Circuit 9-49
20 ME1377 Color Television RGE to PAUNTSC Encoder 957
L MC1378 Complete Color TV Video Overlay Synchronizer 9-73
27 MCi388 Geometry Gorraction Waveform Generator 9-77
0 S MC1391 TV Horizontal Pracessor 9-98
MAC i Operatlonal Amphﬁe‘s ; 234 MC1403,A | Precision Low Valtage References 53
LM101A : Operational Amplifier 2.40 MC1404,A Precision Low-Drift Voltage Relerenmes 512
LM111 High Performance Voltage Comparator 244 MC1408 8-Bit Mumplymg Dlglliﬂ -to-Analog Converter 615
LM124 Quad, Low Power Operational Amplifiers 250 MC14118 | Peripheral Driver Aray a7
LM139,A Quad, Single-Supply Comparators 2-56 MC1412,8 Peripheral Driver Array 787
LM158 Dual Low Power Operational Amplifiers 2-60 mg::}g’g Eerfp:era: g'i"e’ :rray ;2_7,
LM201A Operational Amplifier 2-40 ) eripheral Driver Arrays -
LM211 High Performance Voltage Comparator 2-41 MC1436,C }(‘;ggr\;?'gigf)\l:\l;r'?::lg Compensated 291
LM224 Quad Power Operational Amplifiers 250 ! P
LM239,A Quad, Single-Supply Comparators 256 MC1445 Wideband Amplifiers
LM248 Quad MC1741 Operational Ampifiers 266 MC1455 Timing Cireut
0 ug cw Power Operatlonal Ampl!ﬁer = 60 MC1458,C Dual Operational An?pllfiers
; MC1468 Dual + 15 Volt Tracking Regulator
MC1472 Dual Peripheral Positive NAND Driver
MC1488 Quad MDTL Line Driver
MC14C88B Quad Low Power Line Driver
MC1483A | Quad MDTL Line Receivers =
MC14C898, AB Quad Low Power Line Receiver
MC1490P | RF/IF/Audio Amplifier ‘
MC1494 | Four-Quadrant Multiplier
MC1495 | FourQuadrantMuliper =
Mt | Balanced Modulator/Demodulator
i Precision Low Voltage Reference
3-Terminal Adjustable Outpui Positive | Precision Low Drift Voltage Refe
Voltage Regulator 8-Bit Multiplying Digital-to-Analog Converter !
LM323,A Positive Voltage Regulators 3-36 MC1 5‘!6 High Voltage, Internally Compensated 291
LM324,A Quad, Low Power Operational Amplifiers 2-50 . Operational Amplifiet : S
LM337 3-Terminal Adjustable Output Negative 342 MC1545 Wideband Amplifier 295
Voltage Regulator MC1558 Dual Operational Amplifier 2-101
LM337M 3-Terminal Adjustable Output Negative 3-81 MC1568 Dual + 15 Volt Regulator 3-99
Voltage Regulator MC1594 Four-Quadrant Multiplier 1112
LM339,A Quad, Single-Supply Comparators 2-56 MC1595 Four-Quadrant Multiplier 11-26
LM340,A 3-Terminal Positive Voitage Regulator 3-49 MC1596 Balanced Modulator/Demodulator 8-32
LM348 Quad MC1741 Operational Amplifier 2-66 MC1723,C Voltage Regulators 3-105
M350 ¥ Terminal Adjustable 0utput Posmve i | 365 | |MC1733CB Differential Video Wideband Amplifiers 2-114
 Voltage Regulator - e MC1741,C High Performance Operational Amplifiers 2122
Duai low Power Operaiwna' Ampl'ﬁers . 1260 MC1747,C Dual MC1741 Operational Amplifiers 2127
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Alphanumeric Index (continued)

Device Device
Number Function Page Number Function Page
MC1748C High Performance Operational Amplifiers 2131 MC348452 Integrated Solenoid Driver 10-36
MC1776,C Micropower Programmable Operational Amplifiers | 2-135 MC348454 Integrated Solenoid Driver 10-36
MC26510 Quad Open-Collector Bus Transceiver 7-66 MC3485 Quad, Single-Ended Line Driver 7-134
MC2830 Voice Activated Switch 8-42 MC3486 Quad EIA-422/3 Line Receiver 7-139
MC2831A Low Power FM Transmitter System 8-46 MC3487 Quad EIA-422 Line Driver With Three-State 7-142
MC2833 Low Power FM Transmitter System 8-49 Output
MC3301 Quad Operational Amplifier 2-144 MC3488A Dual EIA-423/EIA 232D Driver 7-146
MC3302 Quad, Single-Supply Comparator 2.56 MC3503 Quad low Poer Operational Amplifiers 2-154
MC3303 Quad Low Power Operational Amplifiers 2-154 MC3505 Dual Operational Amplifier plus Dual 2-159
MC3325 Automotive Voltage Regulator 10-8 CmTlparalor :
MC3334 High Energy Ignition Circuit 10-11 MC3517 Continuously-Variable-Slope Delta *
MC3335 Low Power Narrowband FM Receiver 8-55 Motjlulalorl Demt?dulator .
MC3340 Electronic Attenuator 9-100 MCas18 C&gﬂ?ﬁ;ﬂf%z;’;lﬂgg Irope Delta
MC3346 General-Purpose Transistor Array 9-103 MC3523 Overvoltage Crowbar Sensing Gircui .
MC3356 Wideband FSK Receiver 8659 ge Cgnpar Sensing Cireuit s
MCa3s7 Low Power FM IF 865 MC3558 Dual, Low Power Operational Amplifier 2-175
y " MC4558,AC,C | Dual Wide Bandwidth Operational Amplifiers 2-185
MC3358 Dual, Low Power Operational Amplifier 2175 N y
MC4741,C Quad MC1741 Operational Amplifiers 2-189
MCas59 Low Power Narrowband FM IF 669 MC6875,A MC6800 Clock Generator 7-150
MC3361B Low Voltage Narrowband FM IF 8-75 MC7800’ Three-Torminal Posiive Vollzge Regulats 3125
MC3362 Low Power Dual Conversion FM Receiver 862 oo ree-lerminal Positive Voltage Regulators g
oo Low Bower Dual Gonversion Fl Peveter vy | |MorLoon | ThveoTerminalLow Gurent Posite 3197
MC3371 Lo: ngt;grem:n"g:e onversion eceiver ::1906 Series Voltage Regulators
MC78M00 Three-Terminal Medium Current Positive 3-144
MC3372 Low Power FM IF 8-106 Series Voltage Regulators
MCa373 Remote Control Amplifer/Detector 9-108 MC7900 Three-Terminal Negative Voltage Regulators 3-161
mcaso1 Low Sfde Protected Swgtch 1015 MC79L00,A Three-Terminal Low Current Negative 3-170
MC3392 Low Side Protected Switch 10-24 Series Voltage Regulators ‘
xggi:? g”m(;"gﬁ"e :igh :3:1:3 [I’_'ﬁi"e’ Switch ;0133 MC73M00 Three-Terminal Negative Voltage Regulators 3175
uad Operational Amplifier - Series
MC3403 Quad Low Power Operational Amplifiers 2-154 MC10319 High Speed 8-Bit A/ID Flash Converter 6-27
MC3405 Dual Operational Amplifier plus Dual Comparator 2-159 MC10321 High Speed 7-Bit D Flash Converter 6-45
MC3417 Continuously-Variable-Slope Delta * MC10322 8 Bit Video DAC with ECL Inputs 6-63
i c”?““””;:/“‘?";'a‘;’ o .| Moo 8 Bit Video DAC with ECL Inputs 6-68
ontinuously-variable-siope Def MC13001XP | Monomax Black-and-White TV Subsystem 9-110
Modulator/Demodulator MC13007XP | Monomax Black-and-White TV Subsystem 9110
xm‘ L Em‘;::g‘:‘;m‘:g:‘:ﬂg i : :11 MC13017 NTSC/PAL Chroma 10 Color TB and 9119
7 Timebase Processor
MC3425 Power Supply Supervisory/Over, Under- 3117 MC13020 C-QUAM® AM Stereo Decoder 9121
cinn Hi‘;:“;g:;";ﬁ:‘fg;‘":::‘m o MC13022 Advanced Medium Voltage AM Stereo Decoder | 9-126
! 3 MC13024 Low Voltage Motorola C-QUAM® 9-130
MC3431 High Speed Quad Comparator 2-167 AM Stereo Receiver
MC3432 High Speed Quad Comparator 2167 MC13025 Electronically Tuned Radio Front End 9134
MC3433 High Speed Quad Gomparator 2167 MC78T00 Three-Ampere Positive Voltage Regulators 3152
MC3437 Hex Unified Bus Receiver 7-69 Series
MC3447 Bidirectional Instrumentation Bus Transceiver 7-72 MC13055 Wideband FSK Receiver 8-123
MC3448A Quad Three-State Bus Transceiver 7-78 MC13060 Mini-Watt Audio Output 9-137
MC3450 Quad Line Receiver 783 MC13077 Advanced PALINTSC Encoder 9141
MC3452 Quad Line Receiver 783 MC13104 | 1.0 GHz Receiver LNAMixer/NCO 8-130
MC3453 Quad Line Driver 7-90 MC13135 “FM Communications Receivers 8-131
MC3456 Dual Timing Circuit -4 MC13136 FM Communications Receivers 8-131
MC3458 Dual, Low Power Operational Amplifier 2-175 MC13155 Wideband FM IF 8-143
MC3467 Triple Preamplifier 7-94 MC13173 Infrared Integrated Transceiver System 8-159
MC3469 Floppy Disk Write Controller 7-99 MC13175 | UHF FM/AM Transmittder 8-160
MC3470 Floppy Disk Read Amplifier System 7-109 MC33023 ‘High Speed Single-Ended PWM Controller 3-187
MC3470A Floppy Disk Read Amplifier System 7-109 MC33025 High Speed Double-Ended PWM Controller - 3-203
MC3471 Floppy Disk Write Controller/Head Driver 7-123 MC33030 DC Servo Motor Controller/Driver 423
MC3476 Low Cost Programmable Operational Amplifier 2181 MC33033 Brushless DC Motor Controller 436
MC3479 Stepper Motor Driver 415 MC33035 Brushless DC Motor Controller 457
MC3481 Quad, Single-Ended Line Driver 7-134 MC33039 Closed-Loop Brushless Motor Adapter 479 |

*See Telecommunication Device Data (DL136)
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Alphanumeric Index (continued)

Device
Number Function Page
MC33060A Precision Switchmode Pulse Width 3-231
Modulation Contro! Circuit
MC33063A DC-to-DC Converter Control Circuit 3-243
MC33064 Undervoltage Sensing Circuit 3-252
MC33065-H, L | High Performance Dual Channel Current 3-257
Mode Controller
MC33066 High Performance Resonant Mode Controller 3-270
MC33067 High Performance Resonant Mode Controller 3-278
MC33071 High Performance Single-Supply 2-284
Operational Amplifier
MC33072 Dual, High Performance Single-Supply 2-284
Operational Amplifier
MC33074 Quad, High Performance Single-Supply 2-284
Operational Amplifier
MC33076 Dual High Qutput Current, Low Power, 2-194
Operational Amplifier
MC33077 Dual, Low Noise Operational Amplifier 2-202
MC33078 Dual/Quad Low Noise Operational Amplifier 2-213
MC33079 Dual/Quad Low Noise Operational Amplifier 2-213
MC33091 High Side TMOS Driver 10-41
MC33092 Alternator Vollage Regulator 10-54
MC33102. Sleep Mode Two-State Micropower 2.222
- Operalronal Amplifier :
MC33120 Subscriber Loop Interface Circuit *
'MC33129 High Perforrnance Current Mode Controller 3-293
MC33tst ‘Hrgh Speed Dual MOSFET Driver 3-306
MC33152 High Speed Dual MOSFET Dnver 3314
MC33160 p Voltage Reg and 3-307
Supervisory Circuit
MC33161 Universal Voltage Monitor 3-329
MC33163 Power Switching Regulator 3-343
MC33164 Micropower Undervoltage Sensing Circuit 3-342
MC33166 Power Switching Regulator 3-362
MC33167 Power Switching Regulator 3-375
MC33171 Low Power, Single Supply Operational Amplifier 2-234
MC33172 Low Power, Single Supply Operational Amplifier 2-234
MC33174 Low Power, Single Supply Operatlonal Amplrﬁer 3-234
MC33178 . 7ngh Output ( Currenl Low Por 2-241
MC33179 2241
MC33181 231
MC33182 2311
MC33184 2311
MC33192. 3 rlace Stepper Motor Controller 1072
MC33201 to-Rail Operational | Amplifiers § 2:251
: M033202 ail-to-Rail Operational Ampliﬁers 2251
MC33204 | Rail-to-Rail Operational Amplifiers 2251
MC33261 | Power Factor Controller 3388
MC33262 Power Factor Controller 3-399
MC33267 Lowe Dropout Regulator 3-187
MC33269 Low Dropout Postive Voltage Regulator Series 3-182
MC33272 Low Power, Single Supply Operational 2-259
Amplifiers
MC33274 Low Power, Single Supply Operational 2-259
Amplifiers
MC33282 JFET Operational Amplifier 2-268

Device
Number Function Page
MC33284 JFET Operational Amplifier 2-268
MC33293 Quad Low Side Driver 10-76°
MC33295 Quad Low Side Driver 10-77
MC33298 Octal Output Driver 10-78
MC33304 Rail-to-Rail, Sleepmode Two-State 2276
Operational Amplifier
MC34001 JFET-Input Operational Amplifier 2276
MC34002 JFET-Input Operational Amplifier 2217
MC34004 JFET-Input Operational Amplifier 221
MC34010 Electronic Telephone Circuit *
MC34011A Electronic Telephone Circuit *
MC34012 Telephone Tone Ringer *
Series
MC34013A $Speech Network and Tone Dialer *
MC34014 Telephone Speech Network with Dialer *
Interface
MC34017 Telephone Tone Ringer *
MC34018 Voice Switched Speakerphone Circuit *
MC34023 High Speed Single-Ended PWM Controller 3-187
MC34025 High Speed Double-Ended PWM Controller 3-203
MC34050 Dual EIA-422/423 Transceiver 7-161
MC34051 Dual E1A-422/423 Transceiver 7-161
MC34055 1SO 88-2-3[IEEE 802.3] 10Base-T Transceiver 8177
MC34060 itchmode Pulse Width Modulati 3219
Control Circuit
MC34060A Preceision Switchmode Pulse Width 3-231
Modulation Control Circuit
MC34063A DC-t0-DC Converter Control Circuit 3243
MC34064 Undervoltage Sensing Circuit 3-252
MC34065-H, L | High Performance Dual Channel Current 3257
Mode Controller
MC34066 High Performance Resonant Mode Controller 3270
MC34067 High Performance Resonant Mode Controller 3218
MC34071 High Performance Single-Supply 2-284
Operational Amplifier
MC34072 Dual, High Performance Single-Supply 2-284
Operational Amplifier
MC34074 Quad, High Performance Single-Supply 2-284
Operational Amplifier
MC34080 High Speed Decompensated (AycL > 2) 2-300
JFET Input Operational Amplifier
MC34085 Quad, High Speed Decompensated 2-300
(AvcL 2 2) JFET Input Operational Amplifier
MC34114 Telephone Speech Network with Dialer Interface *
MC34115 Continuously Variable Slope Delta *
Modulator/Demodulator
MC34117 Telephone Tone Ringer *
MC34118 Voice Switched Speakerphone Circuit 4
‘MC34119 | Low Power Audio Amplifier b 9158
MC34129 | High Performance Current Mode Controller 3993
MC34142 High Performance Decoder/Sink Driver 7-168
MC34151 High Speed Dual MOSFET Driver 3306
MC34152 High Speed Dual MOSFET Driver 3314
MC34160 | Microprocessor Voltage Regulator and 3307
: Supervisory Circuit , .
Mca4161 : Universal Voltage Monitor 3329
MC34163 | Power Switching Regulator 3343
MC34164 | Micropower Undervoltage Sensing Circuit 3-342
MC34166 Power Switching Regulator 3-362
MC34167 Power Switching Monitor 3375

*See Telecommunication Device Data (DL136)
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Alphanumeric Index (continued)

Device Device
Number Function Page Number Function Page

MC34181 Low Power JFET Input Operational Amplifier 2-311 SN75174 Quad EIA-485 Line Driver with Three-State 7-193
MC34182 Dual, Low Power JFET Input Operational 2311 Output

Amplifier SN75175 Quad EIA-485 Line Receivers 7-193
MC34184 Quad, Low Power JFET Input Operational 2311 TCA0372 Dual Power Operational Amplifier 2-320

Amplifier TCAS5600 Universal Microprocessor Power Supply/ 3-449
MC34261 Power Factor Cortrollers 3-388 Controller
MC34262 Power Factor Controllers 3-399 TCF5600 Universal Microprocessor Power Supply/ 3-449
MC34268 SCSI-2 Three-Terminal Voltage Regulator 3-414 Controller
MC34360 High Voltage Switching Integrated Conterolter 3-417 TCF6000 Peripheral Clamping Array 10-100
MC34361 High Voltage Switching Integrated Conteroller 3-418 TDA1085A Universal Motor Speed Controller 4-89
MC35060A Switchmode Pulse Width Modulation 3-231 TDA1085C Universal Motor Speed Controller 4-96

Control Circut TDA1185A Triac Phase Angle Controller 4106
MC35063A DC-to-DC Converter Control Circuit 3-243 TDA3190 TV Sound System 9-297
MC35071 High Performance Single-Supply 2-284 TDA3301B TV Color Processor 9-300

Operational Amplifier TLO62 Dual, Low Power JFET-Input Operational 2-324
MC35072 Dual, High Performance Single-Supply 2-284 Amplifier

Operational Amplifier TLOB4 Quad, Low Power JFETInput Operational 2.324
MC35074 Quad, High Performgnce Single-Supply 2-284 Amplifier

Operational Amplifier TLOTA Low Noise, JFET- lnput Operanonal 2331
MC35080 High Speed Decompensated 2-300 Amplifier =

(AveL = 2) JFET Input Operational Amplifier TLOT2 Dual, Low Noise, JFET Inpul Operational . 2.331
MC35085 Quad, High Speed Decompensated 2-300 Amplifier e

(AvcL 2 2) JFET Input Operational Amplifier TLO74 Quad, Low Noise, JFETInput Opemnonal' 2331
MC35171 Low Power, Single Supply Operational Amplifier 2-234 Amplifier . .
MC35172 Low Power, Single Supply Operational Amplifier 2-234 TLOB1 JFET Input Operghonal Amplifm Eo e 2-337
MC35174 Low Power, Single Supply Operational Amplifier 2234 TLO82 Dual, JFET Input Operational Ampllﬂer i 2-337
MC44001 Chroma 4 Multistandard Video Processor 9-166 TLOB4 Quad, JFET Input ,Qperaﬁoﬁr}al‘mnpl'rﬁer 2-337
MC44011 Buss Controlled Multistandard Video Processor 9-182 TL431,AB Pi able Precision Reft 517
MC44144 Subcarrier Reference 9-230 Series
MC44145 Sync Separator/Pixel Clock Generator 9-234 TL494 Switchmode Pulse Width Modulation 3-460
MC44301 High Performance Color TV IF 9-237 Control Circuit
MC44302 Advanced Multistandard TV Video/Sound IF 9-255 TL594 Precision Switchmode Pulse Width 341
MC44602 High Performance Current Mode Controller 3-419 Modulation Control Circuit
MC44615A Convergence Waveform Generator IC for 9-258 TL780 Three-Terminal Positive Voltage Regulator 3-482

Projection TV UAA1016B Zero Voltage Controller 4-115
MC44802A PLL Tuning Circuit With 1.3 GHz Prescaler 9275 UAA1041 Automotive Direction Indicator 10-104
MC44807/17 | PLL Tuning Gircuit with 3-Wire Bus 9-282 UAA2016 Zero Voltage Controller 4121
MC44810 PLL Tuning Circuit with 1.3 GHz, Prescaler 9-289 UC2842A High Performance Current Mode Controller 3-488

and D/A Section UC2843A High Performance Current Mode Controller 3-488
MC75107 Dual Line Receiver 7172 UC2844 High Performance Current Mode Controller 3-515
MC75108 Dual Line Receiver 7-172 uC28448 High Performance Current Mode Controller 3-528
MC75S110 Dual Line Driver 7177 UC2845 High Performance Current Mode Controller 3515
MC75172B Quad EIA-485 Line Drivers with Three-State 7-182 UC2845B High Perf vl.l"Slﬂ Mode C 3-528

Outputs UC3842A High Perf : ‘.urrem Mode C: 3-488
MC75174B Quad EIA-485 Line Drivers with Three-State 7-182 UC3g428 High Performance Current Mode Controller 3-501

Outputs UC3843A High Performance Current Mode Controller 3-488
MCC3334 High Energy Ignition Circuit 10-11 UC38438 High Performance Current Mode Controller 3-501
MCCF3334 High Energy Ignition Circuit 10-11 UC3s44 High Performance Current Mode Controller 3515
MCCF33093 Ignition Control Chip 10-62 UC3844B High Perlormanca Currenl Mode Controler 4-528
MCCF33094 Ignition Control Chip 10-63 UC3845 High Perf current Mode C 3-515
MCCF33095 Integral Alternator Regufator 10-64 UC38458 High Performance Current Mode Controller 3-528
MCCF33096 | Darlington Drive Flip-Chip 10-73 ULN2068B Quad 1.5 A Darlington Switch 7-198
MCCF79076 | Ignition Control Chip 10-99 ULN2801 Octal Peripheral Driver Aray 7-202
SAA1042,A Stepper Motor Driver 4-84 ULN2802 Octal Peripheral Driver Array 7-202
SG3525A Pulse Width Modulator Control Circuit 3-435 ULN2803 Octal Peripheral Driver Array 7-202
5G3526 Pulse Width Modulator Control Circuit 3-441 ULN2804 Octal Peripheral Driver Array 7-202
SG3527A Pulse Width Modulator Control Circuit 3-435 HAT8S40 Universal Switching Regulator Subsystem 3-508
SN75173 Quad EIA-485 Line Receivers 7-193
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Cross Reference

The following table represents a cross reference guide for all of Analog devices which are manufactured by Motorola. Where
the Motorola part number differs from the industry part number, the Motorola device is a “form, fit and function” replacement for

the industry part number. However, some differences in characteristics and/or specifications may exist.

Motorola Motorla Motorola Motorla

_ Indust Nearest Simitar Indust Nearest Similar
_ Part Number _Replacement Replacement Part Num Repl Repl
55110DM MC75S110L ADDAC-08HD DAC-08HQ
75107ADC MC75107L AM107 LM111J
75107APC MC75107P AM201AD LM201AN
75107BDC MC75107L AM201D LM201AN
75107BPC MC75107P AM26LS30D AM26LS30D
75108ADC MC75108L AM26LS30L AM26LS30L
75108APC MC75108P AM26ALS30P AM26LS30P
75108BDC MC75108L AM26LS31CJ AM26LS31PC
75108BPC MC75108P AM26LS31CN AM26LS31PC
75110DC MC75S8110L AM26LS31DS AM26LS31DS
75110PC MC75S110P AM26LS31P AM26LS31P
75207DC MC75107L AM26LS32ACJ AM26LS32D
75207PC MC75108P AM26LS32ACN AM26LS32APC
75208DC MC75108L AM26LS32PC AM26LS32PC
75208PC MC75108P AM26LS32P AM26LS32PC
8216 MC8T26AL AM26LS33DC MC3486L
9614DC MC75S110L AM26LS33PC MC3486P
9614DM MC75S110L AM26S10DC MC26S10L
9615DC MC75108L AM301AD LM301AJ
9616CDC MC1488L AM301D LM301AJ
9616DM MC1488L AM311D LM311J-8
90616EDC MC1488L AM723DC MC1723CL
9617DC MC1489AL AM723DM MC1723L
9620DC MC755110L AM723P MC1723CP
9620DM MC755110L AM741DC MC1741CU
9621DC MC75108L AM741DM MC1741U
9627DC MC1489AL AM747DC MC1747CL
9627DM MC1489AL AM747DM MC1747L
9636AT MC3488AP AN5150 MC34129P
9637T MC3486P AN5151 MC13001P
9638T MC3487P CAO81AE TLO81ACP
9640DC MC26S10L CA081AS TLOB1ACJG
9640PC MC26S10P CA081CS TLO81CJG
9665DC MC1411L CAO81E TLO81CP
9665PC MC1411P CA081S TLOB1MJG
9666DC MC1412L CA082AE TLO82ACP
9666PC MC1412P CAO082AS TLO82ACJG
9667DC MC1413L CA082CS TLO82CJG
9667PC MC1413P CA082E TLO82CP
9668DC MC1416L CA082S TLO82MJG
9668PC MC1416P CAO84AE TLOB4ACN
AD1403AN MC1403AU CAO084E TLO84CN
AD1508-8D MC1508L8 CA084S TLO84MJ
AD530 MC1595L CA1391E MC1391P
AD531 MC1595L CA139AG LM139AJ
AD532L MC1595L CA139G LM139J
AD580J MC1403U CA1458S MC1458CP1
AD580K MC1403P1 CA1558S MC1558U
AD580M MC1403AP1 CA239AE LM239AN
AD580S MC1503U CA239AG LM239AJ
AD580T MC1503AU CA239E LM239N
AD589J LM38527-1.2 CA239G LM239J
AD589K LM3852-1.2 CA3026 CA3054
AD589L LM3852Z-1.2 CA3045F MC3346P
AD589M LM385B2-1.2 CA3045 MC3346P
ADDAC-08CQ DAC-08CQ CA3046 MC3346P
ADDAC-08ED DAC-08EQ CA3048 MC3301P
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Cross Reference (continued)

Motorola Motorla Motorola Motorla

Industry Nearest Similar Indut Nearest Similar
Part N Repl Repl. Part Number Replacement Replacement
CA3052 MC3301P DM7822J MC1489AL
CA3054 CA3054 DM7837J MC3437L
CA3058 CA3059 DMm8822J MC1489AL
CA3059 CA3059 DM8822N MC1489AP
CA3079 CA3079 DM8837N MC3437P
CAS3085AF MC1723L DS1488J MC1488L
CA3086F MC3346P DS1488N MC1488P
CA308AS LM308N DS1489AJ MC1489AL
CA3081D MC1594L DS1489AN MC1489AP
CA3136A MC3346P DS1489J MC1489L
CA3146D CA3146D DS1489N MC1489P
CA3146 MC3346P DS26LS31N AM26LS31P
CA3201E TDA3301B DS26LS32N AM26LS32P
CA3210E MC13001P DS26S10CJ MC26S10L
CA3217E TDA3301B DS26S10CN MC26S10P
CA3302E MC3302N DS3486J MC3486L
CA339AE LM339AN DS3486N MC3486P
CA339AG LM339AJ DS3487J MC3487L
CA339E LM339N DS3487N MC3487P
CA339G LM339J DS3612H MC1472U
CA3401E MC3401P DS3612N MC1472P1
CA723CE MC1723CP DS3632H MC1472U
CA723E MC1723L DS3632J MC1472U
CA741CS MC1741CP1 DS3632N MC1472P1
CA741S MC1741U DS36504 MC3450L
CA747CE MC1747CL DS3650N MC3450P
CA747CF MC1747CL DS3651J MC3430L
CA747E MC1747L DS3651N MC3430P
CA747F MC1747L DS3652J MC3452L
CA748CS MC1748CP1 DS3652N MC3452P
CS2842AD UC28428D1 DS3653J MC3432L
CS2843AD UC2843BD1 DS3653N MC3432P
CS2844D UC2844BD1 DS55107W MC75107L
CS2845D UC28458D1 DS55110J MC75S110L
CS3471 MC3471P DS75107J MC75107L
CS3842AD UC3842BD1 DS75107N MC75107P
CS3843AD UC3843DB1 DS75108J MC75108L
CS3844D UC3844BD1 DS75108N MC75108P
CS3845D UC3845BD1 DS75110J MC75S110L
D8216 MC8T26AL DS75110N MC75S110P
D8226 McC8T26L DS75207J : MC75107L
DAC-08CD DAC-08CD -DS75207N MC75107P
DAC-08CN DAC-08CP DS75208J MC75108L
DAC-08CP DAC-08CP DS75208N MC74108P
DACO08CQ DAC-08CQ DS78374 MC3437L
DAC-08ED DAC-08ED DS7837TW MC3437L
DAC-08EN DAC-08EP ‘DS8834J MC8T26AL
DAC-08EP DAC-08EP DS8834N MC8T26AP
DAC-08EQ DAC-08EQ DS8835J MC8T26AL
DAC-08HN DAC-08HP DSB8835N MC8T26AP
DAC-08HP DAC-08HP DS8837J MC3437L
DAC-08HQ DAC-08HQ DS8837N 'MC3437P
DACO0800LCJ DAC-08EQ DS8922A MC34051P
DACO0800LCN DAC-08EP DS8923A . MC34050P
DACO0801LCJ DAC-08CQ DS9636ACN MC3488AP1 '
DACO0801LCN DAC-08CP ICL741CLNPA MC1741CP1
DAC0802LCJ DAC-08HQ ICL741CLNTY MC1741CP1
DACO0802LCN DAC-08HP ICL8001CTZ LM111J
DAC0808LCJ MC1408L8 ICL8001MTZ LM111J
DACO0808LCN MC1408P8 ICL8008CPA LM301AN
DACO0808LD MC1508L8 ICL8808CTY LM301AN

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

17




Cross Reference (continued)

: Motorola Motorla Motorola Motorla
Industry Nearest Similar Indust Nearest Similar
Part Number Replacement Replacement Part Number Replacement Replacement

ICL8013A MC1594L LF444CD LF444CD
ICL8013B MC1594L LF444CN LF444CN
ICL8013C MC1594L LF351AN MC34001AP
ICL8017CTW LM301AN LM101AJ-14 LM101AJ
ICL8017MTW LM301AN LM101AJG LM101AJ
ICL8069CCZR LM384BZ-1.2 LM101AJ LM101AJ
ICL8069DCZR LM385BZ-1,2 LM101D LM101AJ
IP33063N MC33063AP1 LM101J-14 LM101AJ
IP34060AN MC34060AP LM1035 TCA5550
IP34063N MC34063AP1 LM107L MC1741L
1P35063J MC35063AU LM111J-8 LM111J-8
IP3525AJ SG3525AJ LM111JG LM111J-8
IP3525AN SG3525AN LM11CLN LM11CLN
1P3526J SG3526J LM11CN LM11CN
IP3526N SG3526N LM124AD LM124J
IP3527AJ SG3527AJ LM124AJ LM1244
1P3527AN SG3527AN LM124J LM124J
IP494ACJ TL594IN LM124N LM124N
IP494ACN TL594CN LM139AJ LM139AJ
1P494AJ TL594MJ LM139J LM139J
ITT3710 MC1391P LM139N MC1391P
ITT652 MC1411P LM1408J8 MC1408L8
ITT654 MC1412P LM1408N8 MC1408P8
ITT656 MC1413P LM1489AN MC1489AP
L144AP LM324N LM1489J MC1489L
L201 MC1411P LM1489N MC1489P
L202 MC1412P LM1496J MC1496L
L203 MC1413P LM1496N MC1496P
L387 MC33267 LM149J MC4741L
L583 MC3484S2 LM158JG LM158J
LF347BN LF347BN LM158J LM158J
LF347N LF347N LM1558J MC1558U
LF351AN MC34001AP LM1596J MC1596L
LF351BN MC34001BP LM163J MC3450L
LF351N LF351N LM1849A MC3484S2
LF352D LF355J LM1889 MC1374P
LF353AN MC34002AP LM1900D MC3301P
LF353BN MC34002BP LM1981 MC13020P
LF353D LF353D LM201AD LM201AD
LF353N LF353N LM201AJ-14 LM201AJ
LF356BJ LF356BJ LM201AJG LM201AJ
LF356BN LF356J LM201AJ LM201AJ
LF356JG LF356J LM201AN LM201AN
LF356J LF356J LM201AP LM201AN
LF356N LF356J LM201J-14 LM201AJ
LF356P LF356J LM201J LM201AJ
LF357BJ LF3578J LM211D LM211D
LD357BN LF357BJ LM211J-8 LM211J-8
LD357JG LF357J LM211JG LM211J-8
LF357J LF357J LM211M LM211D
LF357N LF357J LM212H MC1456U
LF357P LF357J LM224AF LM224J
LF411CD LF411CD LM224AJ LM224J
LF411CH MC34001AG LM224D LM224D
LF412CD LF411CD LM224J LM224J
LF412CH MC34002AG LM224M LM224D
LF441CD LF441CD LM224N LM224N
LF441CN LF441CN LM239AJ LM239AJ
LF442CD LF442CD LM239AN LM239AN
LF442CN LF442CN LM239D LM239D
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Cross Reference (continued)

Motorola Motorla Motorola Motorla

Indust Nearest Similar Indust Nearest Similar
Part Num Repl. Repl t Part Number pl t Repl
LM239J LM239J LM3089 MC3356P
LM233M LM233D LM311D LM311D
LM239N LM239N LM311J-8 LM311J-8
LM240LAZ-12 MC78L12ACP LM331JG LM311J-8
LM240LAZ-15 MC78L15ACP LM311M LM311D
LM240LAZ-18 MC78L18ACP LM311N-14 LM3114-8
LM240LAZ-24 MC78L24ACP LM311N LM311N
LM240LAZ-5.0 MC78LO5ACP LM311P LM311N
LM204LAZ-6.0 MC78LOSACP LM3146A MC3346P
LM240LAZ-8.0 MC78LOSBACP LM3146 MC3346P
LM248J LM248J LM317KC LM317T
LM248N LM248N LM317KD LM317T
LM249J MC4741L LM317LD LM317LD
LM249N MC4741P LM317LZ LM317L.Z
LM258D LM258D LM317MP LM317MT
LM258J LM258J LM317P LM317T
LM258M LM258D LM317T LM317T
LM258N LM258N LM3189 MC3356P
LM2852Z-1.2 LM258Z-1.2 LM320LZ-12 MC79L12ACP
LM285Z-2.5 LM258Z-2.5 LM320LZ-15 MC79L15ACP
LM2900N LM2900N LM320LZ-5.0 MC79L05ACP
LM2901D LM2901D LM320MP-12 MC7912CT
LM2901M LM2901D LM320MP-15 MC7915CT
LM23901N LM2901N LM320MP-18 MC7918CT
LM2902D LM2902D LM320MP-24 MC7924CT
LM2902J LM2902J LM320MP-5.0 MC7905CT
LM2902M LM2902D LM320MP-5.2 MC7905.2CT
LM2902N LM2902N LM320MP-6.0 MC7906CT
LM2903D LM2903D LM320MP-8.0 MC7908CT
LM2903M LM2903D LM320T-12 MC7912CT
LM2903N LM2903N LM320T-15 MC7915CT
LM2903P LM2903N LM320T-5.0 MC7905CT
LM2904J LM2904J LM320T-5.2 MC7905.2CT
LM2904M LM2904D LM322N MC1455P1
LM2904N LM2904N LM323AT LM323AT
LM2905N MC1455P1 LM323T LM323T
LM2931ACT LM2931ACT LM324AD LM324AD
LM2931AD-5.0 LM2931AD-5.0 LM324AJ LM324J
LM2931AT-5.0 LM2931AT-5.0 LM324AN LM324AN
LM2931AZ-5.0 LM2931AZ-5.0 LM324D LM324D
LM2931CD LM2931CD LM324J LM324J
LM2931CM LM2931CD LM324M LM324D
LM2931CT LM2931CT LM324N LM324N
LM2931D-5.0 LM2931D-5.0 LM325AN MC1468L
LM2931D LM2931D LM325N MC1468L
LM2931T-5.0 LM2931T-5.0 LM326N MC1468L
LM2931Z-5.0 LM2931Z-5.0 LM328AN MC1468L
LM2935T MC2935T LM328N MC1468L
LM293D LM293D LM3301N MC3301L
LM301AD LM301AD LM3302J MC3302L
LM301AJG LM301AJ LM3302N MC3302P
LM301AJ LM301AJ LM337MP LM337MT
LM301AM LM301AD LM337MT LM337MT
LM301AN LM301AN LM337T LM337T
LM301AP LM301AN LM339AD LM339AD
LM3026 CA3054 LM339AJ LM339AJ
LM3045 MC3346P LM339AM LM339AD
LM3046N MC3346P LM339AN LM339AN
LM3054 CA3054 LM339D LM333D
LM307N LM307N LM339J LM339J
LM307P LM307N LM339N LM339N
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Cross Reference (continued)

Motorola Motorla Motorola Motorla
Industry Nearest Similar Indust Nearest Similar
Part Numb pl pl Part Numl Replacement - Replacement
LM339P LM339N LM3900N LM3900N
LM3401N MC3401P LM3905N MC1455P1
LM340AT-12 LM340AT-12 LM393AN LM393AN
LM340AT-15 LM340AT-15 LM393D LM393D
LM340AT-5.0 LM340AT-5.0 LM3934G LM393N
LM340KC-12 LM340T-12 LM393M LM393D
LM340KC-15 LM340T-15 LM393N LM393N
LM340LAZ-12 MC78L12ACP LM4250CN MC1776CP1
LM340LAZ-18 MC78L18ACP LM55109J MC75S110L
LM340LAZ-24 MC78L24ACP LM55110J MC75S110L
LM340LAZ-5.0 MC78LO5ACP LM555CN MC1455P1
LM340LAZ-8.0 MC78LOBACP LM556CD MC3456L
LM340T-12 LM340T-12 LM556CJ MC3456L
LM340T-15 LM340T-15 LM556CN MC3456P
LM340T-18 LM340T-18 LM556L MC3456L
LM340T-24 LM340T-24 LM703LN MC1350P
LM340T-5.0 LM340T-5.0 LM723CD MC1723CL
LM340T-6.0 LM340T-6.0 LM723CJ MC1723CL
LM340T-8.0 LM340T-8.0 LM723CN MC1723CP
LM341P-12 MC78M12CT LM723J MC1723L
LM341P-15 MC78M15CT LM741CD MC1741CL
LM341P-18 MC78M18CT LM741CJ-14 MC1741CL
LM341P-24 “MC78M24CT LM741EJ MC1741CU
LM341P-5.0 MC78MO05CT. LM741EN MC1741CP1
LM341P-6.0 MC78MO6CT LM747CD MC1747CL
LM341P-8:0 MC78M08CT LM748CN MC1748CP1
LM342P-12 MC78M12CT LM75107AN MC75107P
LM342P-15 MC78M15CT LM75108AJ MC75108L
LM342P-18 MC78M18CT LM75108AN MC75108P
LM342P-24 MC78M24CT LM75110J MC75S110L
LM342P-5.0 MC78M05CT LM75110N MC75S110P
LM342P-6.0 MC78M06CT LM75207L MC75107L
LM342P-8.0 MC78M08CT LM75207N MC75107P
LM348D LM348D ' LM75208J MC75108L
LM348J LM348J LM75208N MC75108P
LM348M LM348D LM7805CT MC7805CT
LM348N LM348N LM7812CT MC7812CT
LM349J MC4741CL LM7815CT MC7815CT
LM349N MC4741CP LM78L05ACZ MC78LOSACP
LM350T LM350T LM78L05CZ MC78LO5CP
LM358AN LM358N LM78LO8ACZ MC78LOSACP
LM358D LM358D LM78L08CZ MC78L08CP
LM358JG LM358J LM78L12ACZ MC78L12ACP
LM358J LM358J LM78L12CZ MC78L12CP
LM358M LM358D LM78L15ACZ MC78L15ACP
LM358N LM358N LM78L15CZ MC78L15CP
LM363AJ MC3450L LM78L18ACZ MC78L18ACP
LM363AN MC3450P LM78L18CZ MC78L18CP
LM363J MC3450L LM78L24ACZ MC78L24ACP
LM363N MC3450P LM78L24CZ MC78L24CP
LM385BZ-1.2 LM385BZ-1.2 LM78M06CP MC78MO05CT
LM385BZ-2.5 LM385BZ-2.5 LM78M12CP MC78M12CT
LM385D-1.2 LM385D-1.2 LM78M15CP MC78M15CT
LM385D-2.5 LM385D-2.5 LM7905CT MC7905CT
LM385M-1.2 LM385D-1.2 LM7912CT MC7912CT
LM385M-2.5 LM385D-2.5 LM7915CT MC7915CT
LM3852-1.2 LM385Z-1.2 LM79L05ACZ MC79L0SACP
LM3852-2.5 LM385Z-2.5 LM79L12ACZ MC79L12ACP
LM386N MC34119P LM79L15ACZ MC78L15ACP
LM3900D LM3900D LM79M05CP MC79MO05CT
LM3900J LM3900J LM79M12CP MC79M12CT
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Cross Reference (continued)

Motorola Motorla Motorola Motorla

Industry _ Nearest Similar Industry _ Nearest H S.Imllar
Part Rep Rep Part Rep Rep
LM79M15CP MC79M15CT RC4136J MC3403L
LM833D LM833D RC4136N MC3403P
LM833N LM833N RC4194DC MC1468L
LM833P LM833N RC4195NB MC1468L
LM837N MC33079P RC4558DN MC4558CP1
LMC6482D MC33202D RC4558JG MC4558CU
LMC6482P MC33202P RC4458P MC4558CP1
LMC6484D MC33204D RC723DB MC1723CP
LMC6484P MC33204P RC723DC MC1723CL
LT1083 MC34268 RC723D MC1723CL
MB3759 TL494CN RC741DN MC1741CP1
MP5531CP MC1404U5 RC747D MC1747CL
MP5531DP MC1404U5 RC75107ADP MC75107P
MP5532CP MC1404U10 RC75107AD MC75107L
MP5532DP MC1404U10 RC75108ADP MC75108P
N5558F MC1458U RC75108AD MC75108L
N5558V MC1458P1 RC75109DP MC75S110P
N5595A MC1495L RC75109D MC755110L
N5595F MC1495L RC75110DP MC75S110P
N5596A MC1496L RC75110D MC75S110L
N5723A MC1723CP REF-01CJ MC1404U10
N5741A MC1741CP1 REF-01CP MC1404U10
N5741V MC1741CP1 REF-01CZ MC1404U10
N5747A MC1747CL REF-01DJ MC1404U10
N5747F MC1747CL REF-01DP MC1404U10
N8T15A MC1488L REF-01DZ MC1404U10
N8T15F MC1488L REF-02CJ MC1404U5
N8T16A MC1489L REF-02CP MC1404U5
N8T26AB MC8T26AP REF-02CZ MC1404U5
N8T26AE MC8T26AL REF-02DJ MC1404U5
N8T26AJ MC8T26AL REF-02DP MC1404U5
N8T26AN MC8T26AP REF-02DZ MC1404U5
N8T26B MCB8T26AP RM4136D MC3503L
N8T26J MC8T26AL RM4136J MC3503L
N8T26N MC8T26AP RM4194DC MC1568L
N8T37A MC3437P RM4558D MC4558U
N8T97B MC8T97P RM4558JG MC4558U
N8T97F MC8T9I7L RM723DC MC1723L
N8T97N MC8T97P RM723D MC1723L
N8T98B MC8T98P RM741DP MC1741L
N8T98F MC8T98L RM747D MC1747L
N8T98N MC8T98P RV3301DB MC3301P
NE550A MC1723CP S5558E MC1558U
NE555JG MC1455U S5596F MC1596L
NE555D MC1455D SA555N MC1455BP1
NES55V MC1455P1 SAA1042A SAA1042AV
NE556D NE556D SAA1042 SAA1042V
NE556F MC3456L SG107J MC1741L
NES5561FE MC34060AL SG107T MC1741L
NES561N MC34060P SG111D LM111J
NE5234D MC33204D SGi124J LM124J
NE5234P MC33204P SG1402N MC1594L
OP-01P MC1436P1 SG1402T MC1594L
PWM125CK SG3525AJ SG1436M MC1436U
RC1458DN MC1458P1 SG1458M MC1458P1
RC1488DC MC1488L SG1468J MC1468L
RC1489ADC MC1489AL SG1468N MC1468L
RC1489DC MC1489L SG1495D MC1495L
RC3302DB MC3302P SG1495N MC1495L
RC4136DP MC3403P SG1496D MC1496L
RC4136D MC3403L SG1496N MC1496P
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Cross Reference (continued)

Motorola Motorla Motorola Motorla

Indust - Nearest Similar Industry Nearest __ Similar
Part Number Repl: Repl Part N pl Rep
SG1501AD MC1568L SG3503Y MC1403U
SG1501AJ MC1568L SG3523Y MC3523U
SG1501AJ MC1568L SG3524J TL494CJ
S$G1502D MC1568L SG3525AJ SG3525AJ
SG1502J MC1568L SG3525AN SG3525AN
SG1502N MC1568L $G3526J SG3526J
SG1503T MC1503U SG3526N SG3526N
SG1503Y MC1503U SG3527AJ SG3527AJ
SG1524J TL494MJ SG3527AN SG3527AN
SG1568J MC1568L SG3561 MC34261
SG1595D MC1595L SG4194CJ MC1468L
SG1596D MC1596L SG4194J MC1568L
SG201AM LM201AN SG4250CM MC1775CP1
SG201AN LM201AN SG4501D MC1468L
SG201M LM201AN SG4501J MC1468L
SG201N LM201AN SG4501N MC1468L
SG211D LM211J-8 SGS555CM MC1455P1
SG211M LM211J-8 SG556CJ MC3456L
SG224J LM224J SG556CN MC3456P
SG224N LM224N SG556J MC3456L
SG2402N MC1494L 8G723CD MC1723CL
$G2402T MC1494L SG723CJ MC1723CL
SG2501AD MC1468L SG723CN MC1723CP
SG2501D MC1468L SG723D MC1723L
$G2501J MC1468L SG723J MC1723L
SG2501N MC1468L SG741CM MC1741CP1
SG2502J MC1468L SG747CJ MC1747CL
SG2502N MC1468L SG747CN MC1747CP2
SG2503M MC1403AU 8G747J MC1747L
SG2503T MC1403AU SG748CD MC1748CP1
S§G2503Y MC1403AU SG748CM MC1748CP1
SG300N MC1723CP SG748CN MC1748CP1
SG301AM LM301AN SG777CN LM308AN
SG301AN LM301AN SG7805ACP MC7805ACT
SG307J LM307N SG7805ACR MC7805ACT
SG307M LM307N SG7805ACT MC7805ACT
SG307N LM307N SG7805CP MC7805CT
SG308AM LM308AN SG7806ACP MC7806ACT
SG311D LM311J SG7806ACR MC7806ACT
SG311M LM311N SG7806ACT MC7806ACT
SG317P LM317T SG7806CP MC7806CT
SG317R LM317T SG7806CR MC7806CT
SG324J LM324J SG7808ACP MC7808ACT
SG324N LM324N SG7808ACT MC7808ACT
SG337P LM337T SG7808CP MC7808CT
SG337R LM337T SG7808CR MC7808CT
SG3402N MC1494L SG7812ACP MC7812ACT
$G3402T MC1494L SG7812ACR MC7812ACT
SG3423M MC3423P1 SG7812ACT MC7812ACT
SG3423Y MC3423U SG7812CP MC7812CT
SG3501AD MC1468L SG7812CR MC7812CT
SG3501AJ MC1468L SG7815ACP MC7815ACT
SG3501AN MC1468L SG7815ACR MC7815ACT
SG3501D MC1468L SG7815ACT MC7815ACT
SG3501J MC1468L SG7815CP MC7815CT
SG3501N MC1468L SG7815CR ' MC7815CT
SG3502D MC1468L SG7815CT MC7815CT
SG3502J MC1468L SG7818ACP MC7818ACT
SG3502N MC1468L SG7818ACR MC7818ACT
SG3503M MC1403U SG7818ACT MC7818ACT
SG3503T MC1403U SG7818CP MC7818CT

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

1-12




Cross Reference (continued)

Motorola Motorla Motorola Motorla

Industry Nearest Similar Indust Nearest Similar
Part N pl Repl Part Number Repl Repl.
SG7818CR MC7818CT SN75189AJ MC1489AL
SG7824ACP MC7824ACT SN75189AN MC1489AP
SG7824ACR MC7824ACT SN75189J MC1489L
SG7824ACT MC7824ACT SN75189N MC1489P
SG7824CP MC7824CT SN75207J MC75107L
SG7824CR MC7824CT SN75207N MC75107P
SG7905.2CP MC7905.2CT SN75208J MC75108L
SG7905.2CR MC7905.2CT SN75208N MC75108P
SG7905.2CT MC7905.2CT SN75251N MC3471P
SG7905ACP MC7905ACT SN75466J MC1411L
SG7905ACR MC7905ACT SN75466N MC1411P
SG7905ACT MC7905ACT SN75467J MC1412L
SG7905CP MC7905CT SN75467N MC1412P
SG7905CR MC7905CT SN75468J MC1413L
SG7905CT MC7905CT SN75468N MC1413P
SG7908CP MC7908CT SN75475JG MC1472U
SG7908CR MC7908CT SN75475P MC1472P1
SG7908CT MC7908CT SN76514N MC1496P
SG7912ACP MC7912ACT SN76591P MC1391P
SG7912ACR MC7912ACT SN76600P MC1350P
SG7912ACT MC7912ACT SSS140BA-8Z MC1408L8
SG7912CP MC7912CT SSS150BA-8Z MC1508L8
SG7912CR MC7912CT SSS201AP LM201AN
SG7912CT MC7912CT SSS301AP LM301AN
SG7915ACP MC7915ACT SSS747BP MC1747L
SG7915ACR MC7915ACT SSS747CP MC1747CL
SG7915ACT MC7915ACT SSS747GP MC1747L
SG7915CP MC7915CT SSS747P MC1747L
SG7915CR MC7915CT TA7179P MC1468L
SG7915CT MC7915CT TA7504P MC1741CP1
SG7918CP MC7918CT TA7506P LM301AN
SH8090FM MC1508L8 TA75071P MC34001P
SN75107AJ MC75107L TA75072P MC34002P
SN75107AN MC75107P TA75074F MC34004P
SN75107BJ MC75107L TA75339F LM339D
SN75107BN MC75107P TA75339P LM339N
SN75108AJ MC75108L TA75358CF LM358D
SN75108AN MC75108P TA75358CP LM358N
SN75108BJ MC75108L TA75393F LM393D
SN75108BN MC75108P TA75393P LM393N
SN75110AJ MC75S110L TA75458F MC1458D
SN75110AN MC75S110P TA75458P MC1458CP1
SN75121J MC3481/5L TA75558P MC4558CP1
SN75121N MC3481/5P TA7555F MC1455D
SN75125N MC3481/5L TA7555P MC1455P1
SN75126J MC3481/5L TA75902F LM324D
SN75126N MC3481/5P TA76494P TL494IN
SN75150J MC1488L TA78005AP MC7805CT
SN75150N MC1488P TA78006AP MC7806CT
SN75154J MC1489L TA78008AP MC7808CT
SN75154N MC1489P TA78012AP MC7812CT
SN75160J MC3447L TA78015AP MC7815CT
SN75160N MC3447P/P3 TA78018AP MC7818CT
SN75172N MC75172BP TA78024AP MC7824CT
SN75173J SN75173J TA78LO0SAP MC78LOSACP
SN75173N SN75173N TA78L0O05P MC78L0O5CP
SN75174N MC75174BP TA78LO08AP MC78LO8BACP
SN75175J SN75175J TA78L0O08P MC78L0O8CP
SN75175N SN75175N TA78L012AP MC78L12ACP
SN75188J MC1488L TA78L012P MC78L12CP
SN75188N MC1488P TA78L015AP MC78L15ACP
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Cross Reference (continued)

Motorola Motorla Motorola Motorla
Industi Nearest Similar |ndustr¥ Nearest Similar
. Part Number Repl it Rep Part Number Replacement Replacement
TA78L015P MC78L15CP TLO71ACJG TLO71ACJG
TA78L018AP MC78L18ACP TLO71ACP TLO71ACP
TA78L018P MC78L18CP TLO71CD TLO71CD
TA78L024AP MC78L24ACP TLO71CJG TLO71CJG
TA78L024P MC78L24CP TLO71CP TLO71CP
TA78MO5P MC78MO5CT TLO71MJG TLO71MJG
TA78MO6P MC78M06CT TLO72ACD TLO72ACD
TA78MO08P MC78MO08CT TLO72ACJG TLO72ACJG
TA78M12P MC78M12CT TLO72ACP TLO72ACP
TA78M18P MC78M18CT TLO72CD TLO72CD
TA78M20P MC78M20CT TLO72CJG TLO72CJG
TA78M24P MC78M24CT TLO72CP TLO72CP
TA79005P MC7905CT TLO72MJG TLO72MJG
TA79006P MC7906CT TLO74ACJ TLO74ACJ
TA79008P MC7908CT TLO74ACN TLO74ACN
TA79012P MC7912CT TLO74CJ TLO74CJ
TA79015P MC7915CT TLO74CN TLO74CN
TA79018P MC7918CT TLO74MJ TLO74MJ
TA79024P MC7924CT TLO81ACD TLOB1ACD
TA79L005P MC79L05CP TLO81ACJG TLO81ACJG
TA79L012P MC79L12P TLO81ACP TLO81ACP
TA79L015P MC79L15P TLO81CD TLO81CD
TA79L018P MC79L18P TLO81CJG TLO81CJG
TA79L024P MC79L24P TLO81CP TLOB1CP
TB920 MC1391P TLOB1MJG TLOB1MJG
TBA920S MC1391P TLO82ACJG TLO82ACJG
TCAS5600 TCA5600 TLO82ACP TLO82ACP
TCF5600 TCF5600 TLO82CD TLO82CD
TD62001P/AP MC1411P TLO82CJG TLO82CJG
TD62002P/AP MC1412P TLO82CP TLO82CP
TD62003P/AP MC1413P TLO82MJG TLO82MJG
TD62477P MC1472P TLOB4ACJ TLO84ACJ
TD62479P MC1374P TLO84ACN TLO84ACN
TDA1085A TDA1085A TLO84CJ TLO84CJ
TDA1085C TDA1085C TLO84CN TLO84CN
TDA1085 TDA1085C TLO84MJ TLO84MJ
TDA1185A TDA1185A TL1431 TL431
TDA3301B TDA3301B TL431CD TL431CD
TDA4817 MC34261 TL431CJG TL431CJG
TDC1048 MC10319P TL431CLP TL431CLP
TLC2272D MC33202D TL431CP TL431CP
TLC2272P MC33202P TL431WG TL4311JG
TLC2274D MC33204D TL431ILP TL431ILP
TLC2274P MC33204P TL431IP TL431IP
TL022CJG LM358J TL431MJIG TL431MJG
TL022CP LM358N TL494CJ TL494CJ
TLO22MJG LM158J TL494CN TL494CN
TLO44CJ LM324N TL4941) TL4941J
TLO44MJ LM124J TL494IN TL494IN
TLO62ACP TLO62ACP TL494MJ TL494MJ
TLO62CD TLO62CD TL497CJ MC34063AU
TLO62CP TLO62CP TL497CN MC34063AP1
TLO62MJG TLO62MJG TL497MJ MC35063AU
TLOB2VP TLO62VP TL594CN TL594CN
TLO64ACD TLO64ACD TL594IN TL594IN
TLO64ACN TLO64ACN TL594MJ TL594MJ
TLO64CD TLO64CD TL780-05CKC TL780-05CKC
TLO64CN TLO64CN TL780-12CKC TL780-12CKC
TLOG4MJ TLO64MJ TL780-15CKC TL780-15CKC
TLO64VN TLO64VN TL7805ACKC MC7805ACT .
TLO71ACD TLO71ACD nA0802DC-1 MC1408L8
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Cross Reference (continued)

Motoraia Motorla Motorola Motorla
Industry Nearest Similar Industry Nearest Similar
Part Number Replacement Replacement Part Numb pl it Repl.
pA0802DC-2 MC1408L8 pA741CP MC1741CP1
RrA0802DC-3 MC1408L8 HA741MJIG MC1741U
HA0802DM-1 MC1508L8 pA741RC MC1741CU
HA0802PC-1 MC1408P8 pA741RM MC1741U
HA0802PC-2 MC1408P8 1wA742DC CA3059
1A0802PC-3 MC1408P8 rA747ADM MC1747L
pA101AD LM101AJ pRA747CN MC1747CP2
HA101AF LM101AJ nA747DC MC1747CL
pA101D LM101AJ RA747DM MC1747L
HA101F LM101AJ HA747EDC MC1747CL
pA1391PC MC1391P RA747MJ MC1747L
nA1458CP MC1458CP1 RA747PC MC1747CP2
1A1458CRC MC1458CU RA748CP MC1748CP1
nA1458CTC MC1458CP1 RA748TC MC1748CP1
HA1458P MC1458P1 pA757DC MC1350P
HA1458RC MC1458U HA757DM MC1350P
nA1458TC MC1458P1 RpA775DC LM339J
pA201AD LM201AJ pA775DM LM339J
HA201AF LM201AJ HA775PC LM339N
pA201D LM201AJ PA776TC MC1776CP1
pA201F LM201AJ HA7805CKC MC7805CT
1A2240DC MC1455U HA7805UC MC7805CT
pHA2240PC MC1455P1 RA7805UV MC7805BT
nA301AD LM301AJ RA7806CKC MC7806CT
HA301AT LM301AN pHA7806UC MC7806CT
pA3026HM CA3054 HA7806UV MC7806BT
nA3045 MC3346P HA7808CKC MC7808CT
pA3046DC MC3346P nA7808UC MC7808CT
1A3054DC CA3054P RA7808UV MC7808BT
RA307T LM307N 1A7812CKC MC7812CT
HA31IT LM311N pA7812UC MC7812CT
HA317UC LM317T pA7812UV MC7812BT
nA3301P MC3301P pA7815CKC MC7815CT
nA3302P MC3302P HA7815UC MC7815CT
pA3303P MC3303P HA7815UV MC7815BT
nA3401P MC3401P nA7818CKC MC7818CT
pA3403D MC3403L nA7818UC MC7818CT
1A3403P MC3403P pA7818UV MC7818BT
HA4136DC MC4741CL pA7824CKC MC7824CT
pA4136DM MC4741L HA7824UC MC7824CT
pnA4136PC MC4741CP HA7824UV MC7824BT
HA431AWC TL431CP HA78GU1C LM317T
nA4558TC MC4558CP1 pA78GUC LM317T
1nA494DC TL494CJ RA78LOSACLP MC78LO5ACP
1HA494DM TL494MJ nA78LOSAWC MC78LO5ACP
1A494PC TL494CN nA78LOSCLP MC78L05CP
pHA555TC MC1455P1 pA78LOSWC MC78L0O5CP
pA556DC MC3456L pA78LOBACLP MC78LO8BACP
HA556PC MC3456P HA78LOBAWC MC78LO8BACP
HA723CF MC1723CL pHA78LOSCLP MC78L08CP
nA723CJ MC1723CL nA78L12ACLP MC78L12ACP
pA723CN MC1723CP nA78L12AWC MC78L12ACP
pA723DC MC1723CL pA78L12CLP MC78L12CP
pA723DM MC1723L RA78L12WC MC78L12CP
HA723F MC1723L HA78L15ACLP MC78L15ACP
pA723MJ MC1723L HA78L15AWC MC78L15ACP
pA723PC MC1723CP pA78L15CLP MC78L15CP
pHA734DC LM311J HA78L15WC MC78L15CP
HA734DM LM311J HA78L18AWC MC78L18ACP
nA741ADM MC1741L HA78L24AWC MC78L24ACP
pHA741CJG MC1741CU HA78M0O5CKC M78MO5CT
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Cross Reference (continued)

Motorola Motorla Motorola Motorla
m% Similar Indust Nearest Similar
Part Nul Replacement Replacement Part Numl Replal Repl
pHA78MO5CKD MC78MO5CT HA79M12AUC MC79M12CT
HA78MO5UC MC78MO5CT pA79M12CKC MC78M12CT
HA78MO6CKC MC78M06CT HA79M18AUC MC7918CT
HA78MO06CKD MC78M06CT HA79M18UC MC7918CT
HA78MOSUC MC78M06CT HA79M24AUC MC7924CT
HA78MOBCKC MC78M08CT PA79M24CKC MC7924CT
pRA78MO8CKD MC78M08CT pA79M24UC MC7924CT
HA78MOBUC MC78M08CT RA9636ATC . MC3488AP1
HA78M12CKC MC78M12CT UAA1016B UAA1016B
HA78M12CKD MC78M12CT UC2842AD UC2842AD
HA78M12UC MC78M12CT uc2842AJ UC2842AJ
pA78M15CKC MC78M15CT UC2842AN UC2842AN
pA78M15CKD MC78M15CT uC2842BD UC2842BD
RA78M15UC MC78M15CT UC2842BN UC2842BN
HA78M18UC MC78M18CT ucas42D UC2842AD
HA78M20CKC MC78M20CT UC2842N UC2842AN
HA78M20CKD MC78M20CT UC2843AD UC2843AD
HA78M20UC MC78M20CT UC2843AJ UC2843AJ
PA78M24CKC MC78M24CT UC2843AN UC2843AN
HA78M24CKD MC78M24CT UC2843BD UC2843BD
HA78M24UC MC78M24CT UC2843BN UC2843BN
HA78MGT2C LM317T uUCc2843D UC2843AD
HA78MGUI1IC LM317T UC2843N UC2843AN
HA78MGUC LM317MT uC2844BD uC2844BD
HA78S40DC pRA78S40DC UC2844BN UC2844BN
HA78S40DM HA78S40DM uc2844D uc2844D
HA78S40PC HA78S40PC uca2s44y ucas44J
HA78S40PV HA78S40PV UC2844N UC2844N
HA7905.2CKC MC7905.2CT UC28458D UC2845BD
HA7905CKC MC7905CT UC2845BN UC2845BN
MA7905UC MC7905CT uc2845D UC2845D
HA7906CKC MC7906CT uc2845J ucas4sJ
HA7906UC MC7906CT UC2845N UC2845N
HAT7908CKC MC7908CT uc317T LM317T
pHA7912CKC MC7912CT uc337T LM337T
pA7912UC MC7912CT UC3525AJ SG3525AJ
HA7915CKC MC7915CT UC3525AN SG3525AN
HA7915UC MC7915CT uc3s26J SG3526J
HA7918CKC MC7918CT UC3526N SG3526N
HA7918UC MC7818CT UC3527AJ SG3527AJ
HA7924CKC MC7924CT UC3527AN SG3527AN
pHA7924UC MC7924CT uc3s23 MC34023
HA796DC MC1496L uC3s25 MC34025
HA796DM MC1596L UC3842AD UC3842AD
pHA798RC MC3458U UC3842AN UC3842AN
HA798RM MC3558U uC3842BD UC3842BD
HA798TC MC3458P1 UC3842BN UC3842BN
HA79LOSAWC MC79L0SACP uCc3842D UC3842AD
HA79LOSWC MC79L0SCP UC3842N UC3842AN
HA79L12AWC MC79L12ACP UC3843AD UC3843AD
MA79L12WC MC79L12CP UC3843AN UC3843AN
HA79L15AWC MC79L15ACP UC3843BD uC3843BD
HA79L15WC MC79L15CP UC3843BN UC3843BN
HA79MOSAUC MC79M05CT uc3s43D UC3843AD
HA79MOSCKC MC79MO5CT UC3843N UC3843AN
HA79MO6AUC MC7906CT UC3844BD UC3844BD
pA79MO6CKC MC7906CT UC3844BN UC3844BN
HA79MOSUC MC7906CT uC3844D UC3844D
HA79MOBAUC MC7908CT UC3844J UC3844J
HA79MO08CKC MC7908CT UC3844N UC3844N
HA79M08UC MC7908CT UC3845BD UC3845BD
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Cross Reference (continued)

Motorola Motorla Motorsia Motorla

Industry Nearest Similar Indust Nearest Similar
Part Number Replacement Replacement Part Number Replacement Replacement
UC3845BN UC3845BN ULN8126A SG3526N
UC3845D uC3845D ULN8126R SG3526J
UC3845N UC3845N ULQ8126R SC3526J
UC494ACN TL594CN ULS2151M MC1741CP1
UC494AJ TL594MJ ULS2157A MC1558U
UC434CN TL494CN ULS2157H MC1558U
UC494J TL494MJ ULX8161M MC34060P
UCN5816A MC34142 UPC1373 MC3373P
UDN5712M MC1472P1 UPD6950C MC10319P
ULN2068BB ULN2068B uvCc3101 MC10319P
ULN2068NE ULN2068B XR082CN TLO82CJG
ULN2151H MC1741CP1 XR082CP TLO82CP
ULN2151M MC1741CP1 XR082M TLOB2MJG
ULN2747A MC1747CL XR084CN T1L084CJ
ULN2801A ULN2801A XR084CP TLO84CN
ULN2802A ULN2802A XR084M TLO84MJ
ULN2803A ULN2803A XR3470A MC3470AP
ULN2804A ULN2804A

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Voltage References

In Brief ...

Page

Motorola’s line of precision voltage references is Precision Low Voltage References .................. 5-2
designed for applications requiring high initial accuracy, low

temperature drift, and long term stability. Initial accuracies of Index ... 5-3

+ 1.0%, and + 2.0% mean production line adjustments can Data ShEBtS .o 5.4

be eliminated. Temperature coefficients of 25 ppm/°C
maximum (typically, 10 ppm/°C) provide excellent stability.
Uses for the references include D/A converters, A/D
converters, precision power supplies, voltmeter systems,
temperature monitors, and many others.



Precision Low Voltage References

A family of precision low voltage bandgap reference
devices designed for applications requiring low temperature

drift.

Precision Low Voltage References

1235t12mv_ | 20 | 8oTyp LM385B2-1.2 LM2852-1.2 (Note 1) 10 2729
1235+ 25 mv LM3852-1.2 (-40° 10 +85°C) (Note 2)
25538 mV LM38582-2.5 LM2852-2.5 20
25575 mV LM3852-2.5 (-40° 10 +85°C) (Note 3)
25:25mV 10 25 MC1403A MC1503A 3.0/4.5 0| Usess, D751
m ey — (Note4) | (Note6)
55 — MC1503
5050 mV 25 MC1404AUS — 6.0 /693
%0 MC1404U5 — (Note 5)
55 — MC1504U5
6.25 60 mV 25 MC1404AUG -
20 MC1404Us —
55 - MC1504U6
10%100 mv 25 MC1404AU10 —
20 MC1404U10 —
55 _ MC1504010
251087 100 | 50Typ | TL431C, AC,BC TLa311, Al BI Shunt Reference | LP/29, P/626
(~40° 10 +85°C) Dynamic Impedance | JG/693, D/751
TLa3TM™ @)s05a 1G/693

Notes: 1. Micropower Reference Diode Dynamic Impedance (z) < 1.0 Q at Iy = 100 pA
2.10pA<IR<1.0mA
3.20puA<Ig<1.0mA

4.4.5V < Vi <15 VA5 V < Vi < 40V
5. (Vout + 255 V) < Vip S 40V

6.0mA<I| <10mA

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Voltage References

Device Function Page
LM285, LM385 Micropower Voltage Reference Diodes ..................ccooiinaiae, 5-4
MC1403,A, MC1503 Precision Low Voltage Reference ...t 5-8
MC1404,A, MC1504 Precision Low Drift Voltage References ...................... ... ... 5-12
TLA431, A, B Series Programmable Precision References ..................cooiiiiin, 5-17
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MOTOROLA
TECHNICAL DATA

MICROPOWER VOLTAGE REFERENCE DIODES

The LM285/LM385 series are micropower two-terminal band-
gap voltage regulator diodes. Designed to operate over a wide
current range of 10 A to 20 mA, these devices feature excep-
tionally low dynamic impedance, low noise and stablie operation
over time and temperature. Tight voltage tolerances are achieved
by on-chip trimming. The large dynamic operating range enables
these devices to be used in applications with widely varying sup-
plies with excellent regulation. Extremely low operating current
make these devices ideal for micropower circuitry like portable
instrumentation, regulators and other analog circuitry where

extended battery life is required.

The LM285/LM385 series are packaged in a low cost TO-226AA
plastic case and are available in two voltage versions of 1.235 and
2.500 volts as denoted by the device suffix (see ordering infor-
mation table). The LM285 is specified over a —40°C to +85°C

temperature range while the LM385 is rated from 0°C to +70°C.

The LM385 is also available in a surface mount plastic package
in voltages of 1.235 and 2.500 volts.

® Operating Current from 10 uA to 20 mA
® 1.0%, 1.5%, 2.0% and 3.0% Initial Tolerance Grades

© Low Temperature Coefficient
® 1.0 Q Dynamic Impedance

@ Surface Mount Package Available

LM285
LM385

MICROPOWER VOLTAGE
REFERENCE DIODES

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Z SUFFIX
PLASTIC PACKAGE
CASE 29
(Bottom View)

N.C. 3
CATHODE 2
ANODE 1
D SUFFIX
PLASTIC PACKAGE
CASE 751 ne [ ,—-———tAmouE
(S0-8) LM3850-1.2
ne[Z] 25 Nc
8 ~'$ nell) o BN
1 ANODE E—‘w o700 [F]nc.

O CATHODE

EQUIVALENT CIRCUIT SCHEMATIC

360 k 3
Open
for 1.235 V

NG

4

7

< 600 k
S

9 2845k 1

743 k

Open
for2.5v| 425k

K

,.kl]i

600 k S

7 X

> 600 k
3

500 Q 100 k

FX

STANDARD APPLICATION

1.5V

Battery — 33k

1235V

LM385-1.2

ORDERING INFORMATION

d) ANODE

Reverse
Break-
Temp. down
Device Range Voltage | Tolerance
LM285D-1.2 1.235 +1.0%
LM285Z-1.2 | _40°C Volts
LM285D-2.5 | to +85°C | 2500 +1.5%
LM285Z-2.5 Volts
LM385BD-1.2 1.235 +1.0%
LM385BZ-1.2 Volts
LM385D-1.2 1.235 +2.0%
LM385Z-1.2 | o°Cto Volts
LM385BD-2.5| +70°C 2.500 +£1.5%
LM385BZ-2.5 Volts
LM385D-2.5 2.500 +3.0%
LM3852-2.5 Volts

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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LM285, LM385

MAXIMUM RATINGS (TA = +25°C unless otherwise noted)

Rating Symbol Value Unit
Reverse Current IR 30 mA
Forward Current g 10 mA
Operating Ambient Temperature Range TA °C
LM285 —-40to +85
LM385 0to +70
Operating Junction Temperature Ty +150 °C
Storage Temperature Range h&! —65to +150 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
LM285-1.2 LM385-1.2/LM385B-1.2
Characteristic Symbol Min Typ Max Min Typ Max | Unit
Reverse Breakdown Voltage V(BR)R \
IRmin < IR <20 mA
LM285-1.2/LM385B-1.2 1.223 | 1.235 | 1.247 | 1.223 | 1.235 | 1.247
TA = Tiow to Thigh (Note 1) 1.200 | — 1270 | 1.210 ] — 1.260
LM385-1.2 —_ - —_ 1.205 | 1.235 | 1.260
TA = Tiow to Thigh (Note 1) - — — 1192 | — 11273
Minimum Operating Current IRmin HA
Ta = 25°C — 8.0 10 - 8.0 15
TA = Tiow 10 Thigh (Note 1) — — 20 — — 20
Reverse Breakdown Voltage Change with Current AV(BR)R mV
IRmin < IR < 1.0 A, TpA = +25°C — - 1.0 — - 1.0
TA = Tiow to Thigh (Note 1) - - 1.5 —_ — 1.5
1.0mA<IR<20mA, Ta = +25°C - — 10 — — 20
TA = Tiow t0 Thigh (Note 1) — — 20 — — 25
Reverse Dynamic Impedance Z —_ 0.6 — —_ 0.6 — [
IR = 100 uA, TA = +25°C
Average Temperature Coefficient AV(BRyAT — 80 — —_ 80 —  |ppm/°C
10 pA < IR < 20 mA, TA = Tiow to Thigh (Note 1)
Wideband Noise (RMS) n — 60 — — 60 - nv ‘
IR = 100 pA, 10 Hz < f < 10 kHz
Long Term Stability S - 20 - — 20 — ppm/
IR = 100 uA, TA = +25°C = 0.1°C kHR
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
LM285-2.5 LM385-2.5/LM385B-2.5
Characteristic Symbol Min Typ | Max | Min Typ | Max | Unit
Reverse Breakdown Voltage V(BRJR \
IRmin < IR <20 mA
LM285-2.5/LM385B-2.5 2462 | 25 | 25382462 | 25 | 2538
TA = Tiow to Thigh (Note 1) 2415 | — | 2585 2436 ( — 2.564
LM385-2.5 — —_ — 2425 | 25 | 2575
TA = Tiow t0 Thigh (Note 1) — — — 2400 | — | 2.600
Minimum Operating Current IRmin HA
TaA = 25°C — 13 20 - 13 20
TA = Tiow to Thigh (Note 1) — — 30 — — 30
Reverse Breakdown Voltage Change with Current AV(BR)R mV
IRmin S IR <1.0mA, Tp = +25°C - — 1.0 - -_ 2.0
TA = Tiow to Thigh (Note 1) — — 15 — - 25
10mA<IR<20mA, Tp = +25°C —_ — 10 - —_ 20
TA = Tiow to Thigh (Note 1) —_ —_ 20 — —_ 25
Reverse Dynamic Impedance z — 0.6 — — 0.6 — Q
IR = 100 A, TA = +25°C
Average Temperature Coefficient AV(BRyAT _— 80 - — 80 — ippm/°C
20 pA < Ig < 20 mA, TA = Tiow t0 Thigh (Note 1)
Wideband Noise (RMS) n — 120 —_ — 120 — mv
IR = 100 uA, 10 Hz < f < 10 kHz
Long Term Stability S — 20 — — 20 — ppm/
IR = 100 uA, TA = +25°C = 0.1°C kHR
Note: 1. Tjow = —40°C for LM285-1.2, LM285-2.5 Thigh = +85°C for LM285-1.2, LM285-2.5
= 0°C for LM385-1.2, LM3858B-1.2, LM385-2.5, LM385B-2.5 = +70°C for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B-2.5
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MO

E SEMICONDUCTOR o

TOROLA

TECHNICAL DATA

p

LOW VOLTAGE REFERENCE

A precision band-gap voltage reference designed for critical
instrumentation and D/A converter applications. This unit is
designed to work with Motorola MC1508 and MC3510 D/A con-
verters, and MC14433 A/D systems. Low temperature drift is a

rime design consideration.

MC1403,A
MC1503

PRECISION LOW VOLTAGE
REFERENCE

LASER TRIMMED
INTEGRATED CIRCUIT

e Output Voltage: 2.5V £25 mV
® Input Voltage Range: 4.5V to 40 V \' U SUFFIX
R
© Quiescent Current: 1.2 mA Typ Iﬁ CERAMIC PACKAGE
e Output Current: 10 mA H CASE 693
® Temperature Coefficient: 10 ppm/°C Typ ! D SUFFIX
e Guaranteed Temperature Drift Specification @' PLASTIC PACKAGE
@ Equivalent to AD580 8 1@@* C/‘\S’Sg ;)51
@ Standard 8-Pin DIP, and 8-Pin SOIC Package
Typical Applications Vin B NC
® Voltage Reference for 8-12 Bit D/A Converters
Vout [2] NC
® Low Tc Zener Replacement
© High Stability Current Reference Gna|3] 6] ne
@ Voltmeter System Reference ne [a) B NC
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.)
ORDERING INFORMATION
Rating Symbol Value Unit Temperature
Input Voltage Vi 40 \4 Device Range Package
Storage Temperature Tstg -65 to 1560 oc MC1503U -565to +125°C Ceramic DIP
Junction Temperature Ty +175 oc MC1403D SO-8
Operating Ambient Temeprature Range TA MC1403U 010 +70°C Ceramic DIP
MC1503 ~55 to +125 oc MC1403AU Ceramic DIP
MC1403,A 0to +70 °c MC1403BD SO-8
FIGURE 1 — A REFERENCE FOR MOTOROLA MCONOLITHIC D/A CONVERTERS
Full-
Scale — — —
1.0k Adjust ’_ _‘
1 2.5V { l 500 Q
+5.0V o——l Mc;;;s, alz VWA | |
ios | R1 R2 | Ref. Pin Numbers for |
3 | Amplifier MC1508/1408 Series I
0.1 pF ! |
*
01K L L. N

PROVIDING THE REFERENCE CURRENT
FOR MOTCROLA MONGOLITHIC D/A CONVERTERS

The MC1403/1503 makes an ideal reference for the
Motorola monolithic D/A converters. The MC1408/1508 con-
verter requires a stable current reference of nominally
2.0 mA. This can be easily obtained from the MC1403/1503
with the addition of a series resistor, R1. A variable resistor,
R2, is recommended to provide means for full-scale adjust
on the D/A converter.

1|

*Caution: System stability may be affected if output
capacitance exceeds 1.0 pF. Using higher capacitance
values is not recommended and should be carefully
considered.

The resistor R3 improves temperature performance by
matching the impedance on both inputs of the D/A refer-
ence amplifier. The capacitor decouples any noise present
on the reference line. It is essential if the D/A converter is
located any appreciable distance from the reference.

A single MC1403/1503 reference can provide the required
current input for up to five of the monolithic D/A converters.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC1403,A, MC1503

ELECTRICAL CHARACTERISTICS (Vj, = 15V, TA = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voitage VouTt 2.475 25 2.525 \
(lp = 0 mA)
Temperature Coefficient of Output Voltage AVQ/AT ppm/°C
MC1503 — — 55
MC1403* — 10 40
MC1403A — 10 25
Output Voltage Change AVo mV
(over specified temperature range)
MC1503 —55°C to +125°C it - 25
MC1403* o — — 7.0
MC1403A 0°C to +70°C — — .4
Line Regulation (Ig = 0 mA) Regline mV
(15V=Vy<40V) — 1.2 4.5
45V <V <15V) — 0.6 3.0
Load Regulation Regload — — 10 mV
(0 mA < Ig < 10 mA)
Quiescent Current la — 1.2 15 mA
(lo = 0 mA)

*This test is not applicable to the MC1403D surface mount device.

FIGURE 2 — MC1403/1503 SCHEMATIC

Tvin

nel
f 4

AMA—e-F

1k N
2k 2k
32
r N
4 OVout
A N 31.5 k
Al
o
—-=ci1
30 pF
237k 173 10k 31.483k
Kk
1k
5.61 k
L
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MC1403,A, MC1503

FIGURE 4 — CHANGE IN OUTPUT VOLTAGE

FIGURE 3 — TYPICAL CHANGE IN Vgy versus Vin

(NORMALIZED TO Vj, = 15V @ T¢ = 25°C)

versus LOAD CURRENT

(NORMALIZED TO Vgyt @ Vin = 15 V, lgyy =0 mA)
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FIGURE 5 — QUIESCENT CURRENT versus TEMPERATURE
(Vin =15V, lgyt =0 mA)

Vin, INPUT VOLTAGE (VOLTS)

lout, OUTPUT CURRENT (mA)

FIGURE 6 — CHANGE IN Vg versus TEMPERATURE
(NORMALIZED TO Vgt @ Vip = 15 V)
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MC1403,A, MC1503

3-1/2-DIGIT VOLTMETER — COMMON ANODE This is done by dividing the EOC pulse rate by 2 with
DISPLAYS, FLASHING OVERRANGE 1/2 MC14013B flip-flop and blanking the display using
the blanking input of the MC14543B.

An example of a 3-1/2-digit voltmeter using the The display uses an LED display with common anode
MC14433 is shown in the circuit diagram of Figure 8. digit lines driven with an MC14543B decoder and an
The reference voltage for ‘the system uses an MC1403 MC1413 LED driver. The MC1413 contains 7 Darlington
25V reference IC. The full scale potentiometer can transistor drivers and resistors to drive the segments of
calibrate for a full scale of 199.9 mV or 1.999 V. When the display. The digit drive is provided by four MPS-A12
switching from 2 V to 200 mV operation, R is also Darlington transistors operating in an emitter-follower
changed, as shown on the diagram. configuration. The MC14543B, MC14013B and LED

When using Rc equal to 300 kS, the clock frequency displays are referenced to VEE via pin 13 of the MC14433.
for the system is about 66 kHz. The resulting conversion This places the full power supply voltage across the
time is approximately 250 ms. display. The current for the display may be adjusted by

When the input is overrange, the display flashes on the value of the segment resistors shown as 150 ohms
and off. The flashing rate is one-half the conversion rate. in Figure 8.

FIGURE 8 — 3-1/2-DIGIT VOLTMETER

MC1403

20 k
+5V 1 2

0.1pFI
= 5 TuF| 300k
T il

Segment Resistors

w
'__
=)
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I ' N
15
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L e |
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2
®
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i
j—o &
o
<
.
——o O
<

MC14433
0.1uF** 13p—0 -5V

15 AAA

16

11 10 -2 12 24 T 150Q (7)
Vx 13 23 4 7 10f—AAA
h—“l 22 2 o 10 11
< Ry 21 3 E 11p—|s g 12
14 20 5 ¢ 12—4 ¢ 13
QO 13—3 s 14
— z 2
s 1

i
t

-5V o—l

':i(___s 14—y Minus Sign £ edcba
——————AA————

0.1uF 15 19 18 17 16 sV 2000
I—O 5V MPS-A12 PlusSign
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b82 . 65| , 1100
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DS4 3 b 9 2 . Common
c . Q
n | +|HBH
4 j| MC14013B 4+5v Display
: T
ol IT (
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N F R ot O'WF&_ZJ .ZJ
n FF
710] 14
*R| = 470 k2 for 2 V Range T ol T -5V MPS-
R = 27 k2 for 200 mV Range A12
**Mylar Capacitor -5\ oJ Lo +5 V (4)
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MOTOROLA
TECHNICAL DATA

VOLTAGE REFERENCE FAMILY

m SEMICONDUCTOR I

The MC1404 series of ICs is a family of temperature-
compensated voltage references for precision data conversion
applications, such as A/D, D/A, V/F, and F/V. Advances in laser-
trimming and ion-implanted devices, as well as monolithic fab-
rication techniques, make these devices stable and accurate to 12
bits over both military and commercial temperature ranges. In
addition to excellent temperature stability, these parts offer ex-

cellent long-term stability and low noise.

e Output Voltages: Standard, 5.0V, 6.25V, 10 V
® Trimmable Output: > +6%

® Wide Input Voltage Range: Vigf + 25V to 40V
® Low Quiescent Current: 1.25 mA Typical

® Temperature Coefficient: 10 ppm/°C Typical

® Low Output Noise: 12 uV p-p Typical

® Excellent Ripple Rejection: > 80 dB Typical

TYPICAL APPLICATIONS

® Voltage Reference for 8 — 12 Bit D/A Converters
® Low T¢ Zener Replacement

® High Stability Current Reference

® MPU D/A and A/D Applications

MC1404
MC1404A
MC1504

PRECISION LOW DRIFT
VOLTAGE REFERENCES

5.0, 6.25, and 10-VOLT OUTPUT VOLTAGES

LASER TRIMMED SILICON

MONOLITHIC INTEGRATED CIRCUIT

1

U SUFFIX
CERAMIC PACKAGE
CASE 693

PIN ASSIGNMENTS

FIGURE 1 — VOLTAGE OUTPUT 8-BIT DAC USING MC1404U10

+5.0
13 +15
{:

5 w50k 6
MsB <
MC1404U10
6 MC1408 15 005
5.0k
: ) L
8 =
cMOS
or TTL
Inputs 9 L T5PF
LA
50k
10 A
— +15
1 4 7
2|- 1
12 16 > 0 to
[T R —_ | LF166A — 10 Volts
I 50k 3
2] s 15 oF 4
_+:|_ ——T1 L
o -15

V
Ncl1 8|NC
vinE 7| NC
VTEMP| 3 6 | Vout
Gnd| 4 5 | TRIM

ORDERING INFORMATION

PACKAGE Ceramic DIP
Device | Temperature Range

5.0 Volts

MC1504U5 —-55°C to +125°C

MC1404U5 0°C to +70°C

MC1404AU5 0°C to +70°C
6.25 Volts

MC1504U6 —55°C to +125°C

MC1404U6 0°C to +70°C

MC1404AU6 0°C to +70°C
10 Volts

MC1504U10 —55°C to +125°C

MC1404U10 0°C to +70°C

MC1404AU10 0°C to +70°C

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC1404,A, MC1504

MAXIMUM RATINGS

Rating Symbol Value Unit
Input Voltage Vin 40 v
Storage Temperature Tstg —65to +150 °C
Junction Temperature Ty +175 °C
Operating Ambient Temperature Range TA °C
MC1504 —-55to +125
MC1404,A 0to +70

ELECTRICAL CHARACTERISTICS (Vj, = 15 Volts, Tp = 25°C and Trim Terminal not connected unless otherwise noted)

MC1404,A MC1504
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage Vo Volt
(lo = 0 mA) MC1404U5, AUS/MC1504U5 4.95 5.0 5.05 | 4.95 5.0 5.05
MC1404U6, AU6/MC1504U6 6.19 6.25 6.31 6.19 6.25 6.31
MC1404U10, AU10/MC1504U10 9.9 10 101 9.9 10 10.1
Output Voltage Tolerance —_ — *+0.1 | *1.0 — +0.1 | 1.0 %
Output Trim Range (Figure 10) AVTRIM *6.0 — — +6.0 — — %
(Rp = 100 k)
Output Voltage Temperature Coefficient, AVQ/AT ppm/°C
Over Full Temperature Range
MC1404, MC1504 — 10 40 — —_ 55
MC1404A — 10 25 _ —_ —
Maximum Output Voltage Change AVo mV
Over Temperature Range
MC1404U5, MC1504U5 — — 14 — — 50
MC1404AU5S — — 9.0 —_ — —
MC1404U6, MC1504U6 — — 17.5 — — 62
MC1404AU6 — — 1" — — —
MC1404U10, MC1504U10 — — 28 — — 99
MC1404AU10 — — 18 — — —_
Line Regulation (1) Regline — 2.0 6.0 - 20 6.0 mV
(Vin = Vout + 25V 1040V, lgyt = 0 mA)
Load Regulation (1) Regload — — 10 — — 10 mV
(0 < lp < 10 mA)
Quiescent Current la — 1.2 1.5 —_ 1.2 1.5 mA
(o = 0 mA)
Short Circuit Current Isc — 20 45 — — 45 mA
Long Term Stability — — 25 - —_ 25 — |ppm/1000 hrs
Note 1: Includes thermal effects.
DYNAMIC CHARACTERISTICS (Vj, = 15V, Ta = 25°C all voltage ranges unless otherwise noted)
MC1404,A MC1504
Characteristic Symbol Min Typ Max Min Typ Max Unit
Turn-On Settling Time ts — 50 — — 50 — us
(to £0.01%)
Output Noise Voltage — P to P Vn — 12 — — 12 - nv
(Bandwidth 0.1 to 10 Hz)
Small-Signal Output impedance o Q
120 Hz —_ 0.15 —_ —_ 0.15 —
500 Hz — 0.2 — — 0.2 —
Power Supply Rejection Ratio PSRR 70 80 — 70 80 — dB

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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PSRR, POWER SUPPLY REJECTION RATIO (dB)

MC1404,A, MC1504

TYPICAL CHARACTERISTICS

FIGURE 2 — SIMPLIFIED DEVICE DIAGRAM

Vout
+
R
5.0k
:1, 3 AA— TRIM
R Vo
Vremp — 3.75k | 5.0V
50k | 625V
875Kk | 10V 125k

FIGURE 4 — OUTPUT VOLTAGE versus TEMPERATURE
McC1404U10
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FIGURE 6 — POWER SUPPLY REJECTION RATIO
versus FREQUENCY
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FIGURE 3 — LINE REGULATION versus TEMPERATURE
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FIGURE 5 — LOAD REGULATION versus TEMPERATURE
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FIGURE 7 — QUIESCENT CURRENT versus TEMPERATURE
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MC1404,A, MC1504

FIGURE 8 — SHORT CIRCUIT CURRENT versus TEMPERATURE FIGURE 9 — VTgmp OUTPUT versus TEMPERATURE
40 1.0
z 3 — E
.E £ 08
30 2
4
u Vip=15V ’é /L/J
ER 7 @ 0§
= | — =] L
52 ] = l—
g ~ g 7]
S5 g 04
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S = Wrgyp= 100A
T 10 <
2 302
~50 £
0 0
—75 -50 -25 0 +25 +50 +75 +100 +125 -5 =50 25 0 +25  +50  +75 4100 +125
Ta, AMBIENT TEMPERATURE (9C) Tp, AMBIENT TEMPERATURE (°C)
FIGURE 10 — OUTPUT TRIM CONFIGURATION FIGURE 11 — PRECISION SUPPLY USING MC1404
+18 V ——OV+
?2 330
Vin 6
Vo Output - MPS-US1A
MC1404
TRIM 100 k Y
Gnd 5.0, 6.25,
Vin 6 10V @1/2 Amp
Vo -0
1 MC1404
= Output Adjustment

Output Power Boosting

Gnd

The MC1404 trim terminal can be used to adjust the output 2
voltage over a £6% range. For example, the output can be set to _l_
10.000 V or to 10.240 V for binary applications. For trimming, -

Bourns type 3059, 100 k2 or 200 k§2 trimpot is recommended.

Although Figure 10 illustrates a wide trim range, temperature The addition of a power transistor, a resistor, and a capacitor

coefficients may become unpredictable for trim > £6.0%. converts the MC1404 into a precision supply with one ampere

current capability. At V+ = 15 V, the MC1404 can carry in excess

of 14 mA of load current with good regulation. If the power

transistor current gain exceeds 75, a one ampere supply can
be realized.

FIGURE 12 — ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR

Supply
2 8(12) 7(11) MC1723G
(MC1723L or P)
am| N
MC1404U5 J_ + >
- -
2 0.1 A0 A 6(10) Rsc
I MF Vout
= = 10(2)
Ro*+ 4.7k
1(3) Vour=5.0V \ —75%
5(7) | 9(13) 6 V
R lomax ® R
=  ==<0.001uF ° sc
47k
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MC1404,A, MC1504

FIGURE 13 — 5.0 V, 6.0 AMP, 25 kHz SWITCHING REGULATOR WITH SEPARATE ULTRA-STABLE REFERENCE
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5 100 k 7 !
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220 k
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FIGURE 14 — HIGH SPEED 8-BIT D/A CONVERTER USING MC1404U10
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0.01 uF = E lent
or Fauva MC1404U10
* 50 ’ 10 10 Volt Reference
*R3 3k =
o—e MsB 9 —-I—-)l—]
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MOTOROLA
SEMICONDUCTOR I
TECHNICAL DATA

Programmable Precision References

The TL431, A, B integrated circuits are three-terminal programmable shunt
regulator diodes. These monolithic IC voltage references operate as a low
temperature coefficient zener which is programmable from Vygf to 36 V with two
external resistors. These devices exhibit a wide operating current range of 1.0 mA
to 100 mA with a typical dynamic impedance of 0.22 Q. The characteristics of
these references make them excellent replacements for zener diodes in many
applications such as digital voltmeters, power supplies, and op amp circuitry. The
2.5V reference makes it convenient to obtain a stable reference from 5.0 V logic
supplies, and since the TL431, A, B operates as a shunt regulator, it can be used
as either a positive or negative voltage reference.

® Programmable Output Voltage to 36 V

® Voltage Reference Tolerance: + 0.4%, Typ @ 25°C (TL431B)

® | ow Dynamic Output Impedance, 0.22 Q Typical

® Sink Current Capability of 1.0 mA to 100 mA

® Equivalent Full-Range Temperature Coefficient of 50 ppm/°C Typical
[ ]

Temperature Compensated for Operation over Full Rated Operating
Temperature Range

® | ow Output Noise Voltage
SYMBOL FUNCTIONAL BLOCK DIAGRAM
Cathode Reference R ——— Cathode
(] \) | ®
Reference |
R) 3 |
Anode _}
w b Simtew
INTERNAL SCHEMATIC
Component values are nominal
Cathode (K)
800 800

Reference
R)

PAl

Anode ()

TL431, A, B
Series

PROGRAMMABLE
PRECISION REFERENCES

SILICON MONOLITHIC
INTEGRATED CIRCUIT

LP SUFFIX
CASE 29
(TO-92)

Pin 1. Reference
2. Anode 1
3. Cathode e

P SUFFIX
. PLASTIC PACKAGE
; CASE 626

(Top View)
N
JG SUFFIX r i
CERAMIC PACKAGE 8
CASE 693 1
Cathode [ 1| | 8] Reference
2] } e%
Anode Anode
{ 3] 6] !
ne. [4] [SINC. b suFmIx
PLASTIC PACKAGE
(Top View) CASE 751
(SOP-8)

ORDERING INFORMATION

Temperature
Device Range Package
TL431CLP, ACLP, BCLP T0-92
TL431CP, ACP, BCP 0°10 + 70°C Plastic
TL431CD, ACD, BCD SOP-8
TL431CJG Ceramic
TLA31ILP, AILP, BILP TO-92
TL431IP, AIP, BIP o Plastic
TLA431ID, AID, BID —40°to + 85°C SOP-8
TL4311JG Ceramic
TL431MJIG —55°to + 125°C| Ceramic
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TL431, A, B Series

MAXIMUM RATINGS (Full operating ambient temperature range applies, unless otherwise noted.)

Rating Symbol Value Unit
Cathode to Anode Voltage VKA 37 \
Cathode Current Range, Continuous IK —100 to +150 mA
Reference Input Curent Range, Continuous Iref -0.05to +10 mA
Operating Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA °C
TL431M 5510 +125
TL4311, TL431Al, TL431BI —40 to +85
TL431C, TL431AC, TL431BC 0to +70
Storage Temperature Range Ts_tg —65 to +150 °C
Total Power Dissipation @ Tp = 25°C Pp w
Derate above 25°C Ambient Temperature
D, LP Suffix Plastic Package 0.70
P Suffix Plastic Package 1.10
JG Suffix Ceramic Package 1.25
Total Power Dissipation @ T¢ = 25°C Pp w
Derate above 25°C Case Temperature
D, LP Suffix Plastic Package 1.5
P Suffix Plastic Package 3.0
JG Suffix Ceramic Package 3.3
RECOMMENDED OPERATING CONDITIONS
Condition/Value Symbol Min Max Unit
Cathode to Anode Voltage VKA Vref 36 v
Cathode Current Ik 1.0 100 mA
THERMAL CHARACTERISTICS
D, LP Suffix P Suffix JG Suffix
Characteristics Symbol Packag Pack Package Unit
Thermal Resistance, Junction to Ambient RgJA 178 114 100 °CW
Thermal Resistance, Junction to Case ReJc 83 4 38 °C/W
ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C, unless otherwise noted.)
TL431M TL431 TL431C
Characteristics Symbol | Min | Typ { Max | Min | Typ | Max | Min | Typ | Max | Unit
Reference Input Voltage (Figure 1) "
VKA = Vref, IK =10 mA
TA = +25°C 244 12,495 | 255 | 244 |2.495 | 255 | 2.44 |2.495 | 2.55
TA = Tiow to Thigh (Note 1) 2396 | — 2594 | 2.41 — | 258 2423 | — [2.567
Reference Input Voltage Deviation Over AVref — 15 44 - 7.0 30 - 3.0 17 mv
Temperature Range (Figure 1, Notes 1, 2, 4)
VKA = Vref, IK =10 mA
Ratio of Change in Reference Input Voltage AVyef mV/V
to Change in Cathode to Anode Voltage AVKA
Ik = 10 mA (Figure 2), AVKA = 10 V to Vyef — |14 | 27| — |14 |27 | — |14 |27
AVKA=36Vto 10V - (1020 — |-10|-20| — |-1.0 | -20
Reference Input Current (Figure 2) HA
Ik =10mA, R1 =10k, R2 = o0
Ta = +25°C —_ 1.8 4.0 — 1.8 4.0 - 1.8 4.0
TA = Tiow 10 Thigh (Note 1) - | =-}|70| =} — |65 | — | — |52
Reference Input Current Deviation Over —_ 1.0 3.0 - 0.8 25 - 0.4 1.2 HA
Temperature Range (Figure 2, Note 1, 4)
Ik =10mA, R1 =10k R2 = o0
Minimum Cathode Current For Regulation - 0.5 1.0 - 0.5 1.0 — 0.5 1.0 mA
VKA = Vref (Figure 1)
Off-State Cathode Current (Figure 3) - 26 | 1000 | — 26 | 1000 | — 26 | 1000 | nA
VKA =36V, Vref=0V
Dynamic Impedance (Figure 1, Note 3) — 022 | 05 —_ 022 | 05 — 022 | 05 Q
VKA = Vref, AlK = 1.0 mA to 100 mA
f<1.0 kHz
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TL431, A, B Series

ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C, unless otherwise noted.)

TL431Al TL431AC TL431B
Characteristics Symbol { Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Reference Input Voltage (Figure 1) Vret \
VKA = Vief, Ik = 10 mA
TA = +25°C 247 |2495| 252 | 247 |2495| 252 | — — —
TA = Tiow t0 Thigh 244 | — | 255 (2453 | — |2537 2475 2495|2515
Reference Input Voltage Deviation Over AVref — 7.0 30 — 3.0 17 -— 3 17 mV
Temperature Range (Figure 1, Notes 1, 2, 4)
VKA = Vret, Ik = 10 MA
Ratio of Change in Reference Input Voltage AVref mv/vV
to Change in Cathode to Anode Voltage AVKA
IK = 10 mA (Figure 2), AVKA = 10 V to Vet — | 14| 27 — | =14 | =27 — | 1.4 | =27
AVKA=36Vio 10V — |(-10|-20| — (10|20 — | -1.0 | -20
Reference Input Current (Figure 2) Iref pA
Ik =10mA, R1 =10k R2=c0
TA = +25°C - 1.8 | 4.0 —_ 18 | 4.0 — 1.6 3.0
TA = Tiow 10 Thigh (Note 1) - | — |66 — | — |52} — | — |40
Reference Input Current Deviation Over Alref — 0.8 25 — 0.4 1.2 — 0.4 1.2 pA
Temperature Range (Figure 2, Note 1)
IKk=10mA,R1 =10k, R2 =0
Minimum Cathode Current For Regulation Imin - 0.5 1.0 -_ 0.5 1.0 — 0.5 1.0 mA
VKA = Vref (Figure 1)
Off-State Cathode Current (Figure 3) loff — 26 |1000 [ — 26 | 1000 | — | 023 | 05 nA
VKA =36V, Vgf=0V
Dynamic Impedance (Figure 1, Note 3) Zkal —_ 022 | 05 - 022 | 05 — 0.14 | 0.3 Q
VKA = Vref, AlK = 1.0 mA to 100 mA
f<1.0kHz
Note 1:
Tiow = —55°C for TL431MG Thigh = +125°C for TL431MJG
= —40°C for TL431AIP TL431AILP, TL431IP, TL431ILP, = +85°C for TL431AIP, TL431AILP, TL431IP, TL431ILP,
TL4311JG TL4311JG
= 0°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, = +70°C for TL431ACP, TL431ACLP, TL431CP,
TL431CJG, TL431CD, TL431ACD TL431CLP, TL431CJG, TL431CD, TL431ACD
Note 2:
Thedeviation parameter AVygtis defined as the difference between . L
the maximumand minimumvalues obtained over the full operating am- Figure 1. Test Circuit for VKA = Vref
bient temperature range that applies. Input O——9——0 Va
0|
Vigtmax [~ — = 2 AVygf = Vyef max _7+| K
— Vyef min j
Vref min | ameToet
| ATA=T2-Tq Vref
Ty T —i— J_:
Ambient Temperature -
The average temperature coefficient of the reference inputvoltage, < —
o Vyef, is defiged as".) ! inputvoliage Figure 2. Test Circuit for VKA > Vref
( A Vygf > Input O—w+—e————0 VKA
| x 106 Pl
VI Vret @ 25°C A Vyefx 108 RIZ |y v
ref g = ATA T ATA (Vief @ 25°C) -
o Vrefcanbe positive or negative depending on whether Vig¢Minor R2
Vret Max occurs at the lower ambient temeperature. (Refer to R1
Figure 6.) T VKA=Vref | 1+ N Iref  R1
Example: A Vet = 8.0 mV and slope is positive, Viet
Vyef @ 25°C =2.495V, ATA = 70°C
0.008 x 106 ) .
o Vref = 70@a%5) " 45.8 ppm/°C Figure 3. Test Circuit for lotf
Note 3: ’ Input VKA
The dynamic impedance Zig is defined akZkal =2-YKA ¥ ot

Al
Whenthe deviceis programmed withtwo externalresistors, R1 and
R2, (refer to Figure 2) the total dynamic impedance of the circuit is de-

fined as: R1
o~ FRPRALE
|Zka'l = | Zkal ( * e )

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
5-19



Vgt REFERENCE INPUT VOLTAGE (mV) Ik, CATHODE CURRENT (mA)

A Vygf, REFERENCE INPUT VOLTAGE (MV)

TL431, A, B Series

Figure 4. Cathode Current versus

Cathode Voltage
150 Vkh = Viat
Tp=25°C
100 [~ Input VKA
N (1%
50 -
0
7
/
-50 j -
ol 1/
-20 -1.0 0 1.0 20 3.0
VKA, CATHODE VOLTAGE (V)
Figure 6. Reference Input Voltage versus
Ambient Temperature
o ]
K VKA = Vref Vyof Max = 2550 mV
60| Vel G K=10mA ref Vax m
2540 ]
220 = Vref Typ = 2495 mV
= m
2500 ref Iyp N
2480
2460
2440 Vref Min = 2440 mV
[ —
2420 —
2400
-55 -25 0 2% 50 75 100 125
TA, AMBIENT TEMPERATURE (°C)
Figure 8. Change in Reference Input
Voltage versus Cathode Voitage
0 T
IK=10mA
TA=25°C
-8.0 \
161 ™~
- Input_O—w—9—0 Va ~
- { Ik
]
-4 R v:e, 4 =~
I 4
™ 8

10

20

30 40

VKA, CATHODE VOLTAGE (V)

Ik, CATHODE CURRENT (p1A)

Iref, REFERENCE INPUT CURRENT (1L A)

loff » OFF-STATE CATHODE CURRENT (nA)

Figure 5. Cathode Current versus

Cathode Voitage
800 VKA = Vref
Tp=25°C
600 | Input VKA IMin
(1%
o 7/
200 )4
0 =
-200
-1.0 0 1.0 20 3.0
VKA, CATHODE VOLTAGE (V)
Figure 7. Reference Input Current versus
Ambient Temperature
30
25 \
20 \\
y —
—
-55 -2 0 25 50 7% 100 125
TA, AMBIENT TEMPERATURE (°C)
Figure 9. Off-State Cathode Current
versus Ambient Temperature
1k
100 //
10
// Vka =36V
Vigf=0V 4
10 L Input Via
/ 4 loft
P
0.1 / T
0.01 —
-55 -2 0 2% 50 7% 100 125

TA, AMBIENT TEMPERATURE (°C)
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[Zkal, DYNAMIC IMPEDANCE ()

AyQL, OPEN-LOOP VOLTAGE GAIN (dB)

VOLTAGE SWING (V)

TL431, A, B Series

Figure 10. Dynamic Impedance

versus Frequency

100 P
E TA=25°C
= Alg=1.0mAlo 100mA
1.0k
= O Qutput
105 i i m
E 440 Gnd -
R M
[ I
4
1.0 s 22t
0.1
1.0k 10k 100k 1.0M 10M
f, FREQUENCY (MHz)
Figure 12. Open-Loop Voltage Gain
versus Frequency
60 IK=10mA Ta=25C
5 T O Qutput
Y 15k
230
\L 9'0&. 3 L
40 ‘\ («5' 825k |
3 £-4—0Gnd
20 N
10 \
N I
0
I
1.0k 10k 100k 1.0M oM
f, FREQUENCY (Hz)
Figure 14. Pulse Response
TAlz 25°d
3.0 Input b
FaN Monitor i
Output g 220 °""’§‘
[ -
20 _ Pulse 5
“|t= 100 kHz ﬂ
1.0 L 0 |
1 “Gnd |
0 | |
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I, CATHODE CURRENT (mA)
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Figure 11. Dynamic Impedance
versus Ambient Temperature

I I T
VKA =Vref
Alg=1.0mAto 100 mA
\ f<1.0kHz
O Qutput
1.0k 14
AR
\\ é 0 ; /
\ -4~ 3 o Gnd /
\\ /
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Figure 13. Spectra! Noise Density
’\(\~
VKA = Vref L
IK=10 mA i
Tp=25°C UL
Input (o Output
(L3 il
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Figure 15. Stability Boundary Conditions
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A ViKa = Vret
B VKa=50V @ Ilx=10mA
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0.1 uF
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TL431, A, B Series

Figure 17. Test Circuit for Curves B, C, and D

Figure 16. Test Circuit for Curve A
of Stability Boundary Conditions

of Stability Boundary Conditions
150

I}

V+ E

TYPICAL APPLICATIONS

Figure 18. Shunt Regulator Figure 19. High Current Shunt Regulator

V+O— WA — V4 Vout
Rt

|
L
T

[y
B
[

R2

—
o

(e} * < O

R1
Vout = ( ) Vref

Figure 20. Output Control for a Figure 21. Series Pass Regulator

Three-Terminal Fixed Regulator

V+O O Vout
MC7805 v/ R1
V+o—— In Out Vout
Common —|
g :
R2
e, *+—O
(o
R1
v V Vout = (' + Tz) Vret
out= ref Vout min = Vygf + Vpe

Vout min = V'ef +5.0V

Figure 22. Constant Current Source Figure 23. Constant Current Sink

RoL V4 Isink
V+o—-€\]_ﬁr—tvw—-r—o lout I
] ooy = Vet
] E Sin Rs
Vret 7 3
lout=5—
= ReL s
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TLA431, A, B Series

Figure 24. TRIAC Crowbar Figure 25. SCR Crowbar
V4 Vout V+0—6\ o Vout
R1 R1
A 4
R2
R2
R1 [e o . Te)
Vout(trip) = (‘ + ﬁ) Vref At

Vout(trip) = (1 + Tﬁ) Vref

Figure 26. Voltage Monitor Figure 27. Single-Supply Comparator with
Temperature-Compensated Threshold
V+o—1 O Vout
V4
A R1 R3 g
E y ———0 Vout
Y O_W_Erk
R2 R4 " ]
o s ° o— ——0
L.E.D. indicator is ‘on’ when V+ is between the Vin = Vret Vi v,
. in out
upper and fower fimits.
< Vet V+
Lower Limit = ( 1+ %) Vief >Vief | ~20V
. R3
Upper Limit = (1 + m) Vief
Figure 28. Linear Ohmmeter Figure 29. Simple 400 mW Phono Amplifier
25V 38V §
1N5305
}20ma T)=330 10800 80
50kS 50k 500k£ 5.0M i 10k Ul
1% 1% 1% 1% Calibrate 800
10kQQ } 360k
v 100kQ b
025V
1.0kQ .
v o—OVout
*Thermalloy
-5.0V THM 6024
Ry Q Heatsink on LP
Rx=Voute - Range Package

= \
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TL431, A, B Series

Figure 30. High Efficiency Step-Down

Switching Converter
150uH @ 2.0A
Vin=‘%“°2°V TIP115 — o Vout =50V
lout=1.0A
1N5823
+. 0.01uF 100k
T 2200pF T +
. 470uF T~
51k
o} - e}
Test Conditions Results
Line Regulation [ Vir=10V to20V,lp=1.0A 583 mV (1.1%)

Load Regulation

Vin=15V,I0=0A 10 1.0A

25mV (0.5%)

Output Ripple Vin=10V,lp=1.0A 50 mVp.p P.A.R.D.
Output Ripple Vin=20V, Ip=1.0A 100 mVp.p PA.R.D.
Efficiency Vin=156V, Ip=1.0A 82%
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Data Conversion

In Brief ...

Motorola’s line of digital-to-analog and analog-to-digital
converters includes several well established industry
standards, and many are available in various linearity
grades so as to suit most any application.

The A/D converters have 7 and 8-bit flash converters
suitable for NTSC and PAL systems, CMOS has 8-bit to
10-bit converters, as well as other high speed digitizing
applications.

The D/A converters have 6 and 8-bit devices, video
speed (for NTSC and PAL) devices, and triple video DAC
with on-board color palette for color graphics applications.

Page
A-D Converters
CMOS . e 6-2
Bipolar ......... ... 6-2
D-A Converters
CMOS . 6-3
Bipolar ... . 6-3
A-D/D-A Converters
CMOS — For Telecommunications ............... 6-3
Package Overview ...............cviiiiiiiininnn 6-4
INdeX .o s 6-5




Data Conversion

The line of data conversion products which Motorola offers to achieve functional capability, accuracy and production
spans a wide spectrum of speed and resolution/accuracy. repeatability. Bipolar technology generally results in higher
Features, including bus compatibility, minimize external parts speed, while CMOS devices offer greatly reduced power
count and provide easy interface to microprocessor systems. consumption.

Various technologies, such as Bipolar and CMOS, are utilized

A-D Converters

Input Temperature
| Conversion | Voitage Supplies Range Suffix/
Time/Rate | Range (W) (°C) Package Comments
8 MC145040 +1/2LSB 10ps OtoVpp | +5.0+10% —40to +85 P/738 Requires external
(Suffix 2 devices) | FN/775 |clock, 11-Ch MUX
MC145041 20 ps —40to +125 DW/751D | Includes internal
(Suffix 1 devices) clock, 11-Ch MUX
MC14442 —40to +85 P/710 | uP compatible
FN/776 | 11-Ch MUX S.A.R.
MC14549B/ Successive Approximation +3.0to +18 -55t0+125 L/620 | Compatible with
MC145598 Registers —4010 485 P/648 | MC1408 S.AR.
8-bit D-A Converter
Triple MC44250 1LSB 15 MHz 161046V | +5.0+10% 0to+70 FN/777 | 3 separate video
8-Bit channels
10 MC145050 +1LSB 21 ps OtoVpp | +5.0+10% —-40to +125 P/738 | Requires external
DW/751D | clock, 11-Ch MUX
MC145051 44 ps Includes internal
clock, 11-Ch MUX
MC145053 P/646 | Includes internal
D/751A | clock, 5-Ch MUX
8-10 MC14443/ +0.5% 300 pus Variable +5.0t0 +18 —40to +85 P/648 | uP compatible,
MC14447 | Full Scale w/Supply DW/751G | single slope,
6-Ch MUX
3-1/2 Digit MC14433 +0.05% 40 ms +2.0V +5.0 to +8.0 P/709 | Dual slope
+ 1 Count +200mV | -2.8t0-8.0 DW/751E
Bipolar
7 MC10321 +1/2LSB 40 ns 0102.0Vpp| +5.0and 0to+70 P/738 | Video speed, Gray
Max -3.0t0-6.0 DW/751D | code, TTL outputs
8 MC10319 +1LSB L/623 | Video speed flash
P/709 | converter, internal
DW/751F | Gray code,
Die Form | TTL Outputs
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D-A Converters

Max
Accuracy Settling Temperature
Resolution @25°C Time Supplies Range Suffix/
(Bits) Device Max (£ 1/2LSB) V) (°C) Package Comments
CMOS
6 MC144110 - - +5.0t0 +15 0to +85 P/707 Serial input, hex DAC,
DW/751D 6 outputs
MC144111 P/646 Serial input, quad DAC,
DW/751G 4 outputs
Bipolar
8 DAC-08 +1LSB 150 ns +4.5t0 18 0to +70 EQ, HQ/620 High speed multiplying
CP, HP, EP/648
+1/2LS8 CD, ED/751B
+1/4LSB 135ns
MC1408 +1/2LSB | 300 ns Typ +5.0, 0to +75 L8/620, P8/648 | Multiplying
MC1508 -5.0t0-15 -5510 +125 L8/620
4x3 MC10320 +1/4LSB 3.0ns +5.0 or 5.0 0to +70 L/733 125 MHz color
graphics triple DAC
MC10320-1 90 MHz Color
8 MC10322 +1/2LSB 5.0ns +5.0,-5.2 —40to +85 P/649 TTL 40 MHz minimum
MC10324 ‘ -5.2 ECL 40 MHz minimum
A-D/D-A Converters
Input Temperature
Resolution Monotonicity | Conversion | Voitage Supplies Range Suffix/ -
(Bits) Device (Bits) Time Range (12 (°C) Package Comments
CMOS — For Telecommunications
13 MC145402 13 62.5us +3.28V +5.0t0 6.0 —40 to +85 L/620 Digital signal
peak processing (e.g.,
echo cancelling,
high speed modems,
phone systems
with conferencing)
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Data Conversion Package Overview

CASE 707

PLASTIC
P SUFFIX
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A-D Converters

Device Function Page
MC10319 High Speed 8-Bit Analog-to-Digital Flash Converter .................. 6-27
MC10321 High Speed 7-Bit Analog-to- Digital Flash Converter ................. 6-45
D-A Converters

DAC-08 High Speed 8-Bit Multiplying D-to-A Converter ....................... 6-6
MC1408 Eight-Bit Multiplying Digital-to-Analog Converter ..................... 6-15
MC1508 Eight-Bit Multiplying Digital-to-Analog Converter ..................... 6-15
MC10322 8-Bit Video DACWIth ECLINputs ..........cccvuieiniininennnnnnnnn. 6-63
MC10324 8-Bit Video DACWithECL Inputs .............coiiiiiiiiiininnnnn.. 6-78

RELATED APPLICATION NOTES

App Note Title Related Device
EB-51 Successive Approximation BCD A-to-D Converter ................. MC1408, MC1508
AN702 High Speed Digital-to-Analog and Analog-to-Digital

TeChniqQUeSs ... ..ottt e General Information
AN926 Techniques for Improving the Steeling Time of a DAC and

Op Amp Combination ............c.ciiiiiiiiiiiiiiiiinneans Various
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MOTOROLA
B SEMICONDUCTOR SR
TECHNICAL DATA

HIGH SPEED 8-BIT MULTIPLYING D-TO-A CONVERTER

The DAC-08 series is a monolithic 8-bit high speed muitiplying digital-to-
analog converter, capable of settling to within 1/2 LSB (0.19%) in 85 ns.
Monotonic multiplying performance is retained over a wide 40-to-1 reference
current range. Full scale and reference currents are matched to within 1 LSB,
therefore eliminating the need for full scale trim in most applications.

Dual compiementry current outputs with high voltage compliance provide
added versatility and allow differential mode of operation to effectively dou-
ble the peak-to-peak output swing. In many applications, output current-to-
voltage conversion can be accomplished without requiring an external op
amp. Noise-immune inputs permit direct interface with TTL and DTL levels
when the logic threshold control, V| ¢, (Pin 1) is grounded. All other logic
family thresholds are attainable by adjusting the voltage level of Pin 1. Per-
formance characteristics are virtually unchanged over the entire =4.5 V to
+18 V power supply range. Power consumption is typically 33 mW with
+5.0 V supplies.

The DAC-08 is available in several versions, with nonlinearity as tight as
+0.1% (= 1/4 LSB) over temperature. All versions are guaranteed monotonic
over 8 bits. For an extra margin of performance, Motorola utilizes thin-film
resistors permitting very accurate resistive values which are extremely stable
over temperature.

High performance characteristics along with low cost, make the DAC-08
an excellent selection for applications such as CRT displays, waveform gen-
eration, high speed modems, and high speed analog-to-digital converters.
® Fast Settling Time — 85 ns
® Full Scale Current Prematched to =1 LSB
o Nonlinearity Over Temperature to +0.1% Max
e Differential Current Outputs
e High Voltage Compliance Outputs —10 Vto +18 V
e Wide Range Multiplying Capability
@ Inputs Compatable With TTL, DTL, CMOS, PMOS, ECL, HTL
® Low Full Scale Current Drift
o Wide Power Supply Range =45V to =18V
® Low Power Consumption
® Thin-Film Resistors

DAC-08

HIGH SPEED
8-BIT MULTIPLYING D-TO-A
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

=

VREF(+)

e Low Cost
EQUIVALENT CIRCUIT

(MSB) (LSB)
V+ ViLc B1 B2 B3 B4 B5 B6 B7 B8
T13 T1 Ts Ta T7 Ta Ts T10T11T1z
I S I I N I O I |

Bias i i
| Network ‘ | Logic Buffers and Level Shifters

iy
T —o lout

I = Toue

PR

14

)

VREF(-)
15

1 ei 3
o
Compensation V-

N
i \
i 16
1 1
Q SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648
Threshold Co(r\\/t[téi) Ij E Compensation
Tout [2] ['5] VREF(-)
v-[3] [14] VREF(+)
lout [] [3] v+
B1 3] [12] B8 (LSB)
B2 [¢] [1] B7
83 [7] [10] BS
B4 [&] [s] B5
v+ [ [16] B8 (LSB)
VReF(+) 2] s} B7
VRer(-) [3] [4] B6
Compen. E E BS
vic [5] [12) B4
16 @ To [¢] (7] B3
1 v- [ o] B2
lo [&] (5] B1 (MsB)
D SUFFIX
PLASTIC PACKAGE (Top View)
CASE 751B
(SO-16)
ORDERING INFORMATION
Temperature
Device Nonlinearity Range Package
DAC-08HQ +0.1% Ceramic
DAC-08EQ +0.19% Ceramic
DAC-08CD | +0.39% S0-16
DAC-08ED +0.19% 0°Cto+70°C | SO-16
DAC-08HP £0.1% Plastic
DAC-08EP £0.19% Plastic
DAC-08CP +039% Plastic
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DAC-08

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

Rating Symbol Value Unit
V+ Supply to V- Supply Vg 36 v
Logic Inputs — V-to V- Plus 36 v
Logic Threshold Control Vic V-to V+ \
Analog Current Outputs lout See Figure 7 mA
Reference Input (V14, V15) Vref V-to V+ \
Reference Input Differential Voltage (V14 to V15) Vref(D) 18 v
Reference Input CUrrent (114) Iref 5.0 mA
Operating Temperature Range TA 0to=70 °C
Storage Temperate Tstg -65to0 + 150 °C
Power Dissipation Pp 600 mw

Derate above 100°C RguA 10 mwpC

ELECTRICAL CHARACTERISTICS (Vg =+15 V, Iref = 2.0 mA, Ta = 0°C to 70°C, unless otherwise noted)

DAC-08H DAC-08E DAC-08C
Characteristic Symbol | Min Typ Max Min Typ Max | Min Typ Max Unit
Resolution — 8 8 8 8 8 8 8 8 8 Bits
Monotonicity — 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity, Ta = 0°C to 70°C NL — — 10.1 — — 10.19 — —_ 10.39 %FS
Settling Time to £ 1/2 LSB ts — 85 — — 85 — | = 85 - ns
(All Bits Switched On or Off
TA = 25°C) Figure 24 (Note 1)
Propagation Delay, Ta = 25°C (Note 1) ns
Each Bit tPLH — 35 - - 35 _ - 35 -
All Bits Switched tpHL — 35 — — 35 — | = 35 —
Full Scale Tempco TClgs - +10 — — +10 — — +10 —_ ppm/C
Output Voltage Compliance Voc -10 —_ +18 -10 - +18 -10 —_ +18 v
Full Scale Current Change
<1/2LSB,
Royt > 20 MQ Typ.
Full Range Current IFR4 1.984 1.992 2,000 | 1.94 1.99 2.04 194 1.99 2.04 mA
(Vyef = 10.000 V;
R14, R15 = 5.000 kQ
Tp = 25°C
Full Range Symmetry (IgR4 - IFR2) IFRS — 0.5 4.0 — 1.0 18.0 — 2.0 116.0 A
Zero Scale Current izs — 0.1 1.0 —_ 0.2 2.0 — 0.2 4.0 HA
Output Current Range mA
5.0V I0R1 0 - 2.1 0 - 2.1 0 — 2.1
V-=-80Vto-18V 10R2 0 - 42 0 — 42 0 — 4.2
Logic Input Levels (V| ¢ =0 V) v
Logic “0” i | — — 08 — — 08 | — - 0.8
Logic “1” ViR 2.0 — — | 20 — — |20 — —
Logic Input Levels (V| ¢ =0 V) HA
Logic “0"
(Vin ==-10Vto +0.8 V) [N - -2.0 -10 - -2.0 -10 - -20 -10
Logic “1”
(Vin = +2.0 V10 +18V) H — 0.002 10 — | 0.002 10 — | o.002 10
Logic Input Swing, V-=-15V Vis -10 —_ +18 -10 —_ +18 -10 —_ +18 v
Logic Threshold Range, Vg =+ 15V VTHR -10 — +135 | -10 - +135 [ -10 —_ +13.5 \
Reference Bias Current 15 — -1.0 -3.0 — -1.0 -3.0 — -1.0 -3.0 HA
Reference Input Slew Rate di/dt - 8.0 — — 8.0 —_ —_ 8.0 —_ mA/s
Figure 19 (Note 1)
Power Supply Sensitivity %l%
(lref = 1.0 MA
V- 45Vto 18V PSSIpg, | — 10.0003 | 0.01 — | 10.0003 | 10.01 10.0003 | 10.01
V-=-45Vto-18V PSSEg- — 10.002 0.01 — $0.002 | £0.01 —_ $0.002 | 10.01
Power Supply Current mA
Vg =45.0V, lrgf = 1.0 mA 1+ — 2.3 38 — 2.3 38 | — 23 3.8
- —_ -4.3 -5.8 - -4.3 -25.8 - -4.3 -5.8
Vg =25.0V,- 15V, Irgf = 2.0 mA I+ - 2.4 38 - 24 38 — 2.4 38
- - -6.4 -1.8 —_ -6.4 -1.8 _ -6.4 -7.8
Vg =115V, lrgf=2.0mA I+ - 2.5 38 - 25 38 | — 25 38
- — -6.5 -1.8 — -6.5 -7.8 — -6.5 -1.8
Power Dissipation Pp mA
Vg =15.0 V, I = 1.0 mA - 33 48 - 33 48 - 33 48
Vg =25.0V,- 15V, lgf = 2.0 mA - 108 136 | — 108 136 | — 108 136
Vg =115V, lref = 2.0 MA — 135 174 | — 135 174 | — 135 174

Note 1. Parameter is not 100% tested; guaranteed by design.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DAC-08

TYPICAL PERFORMANCE CURVES

LOGIC INPUT CURRENT (uA)

FIGURE 1 — FULL SCALE CURRENT versus FIGURE 2 — REFERENCE AMP
REFERENCE CURRENT COMMON MODE RANGE
5.0 32 T T
All Bits “On"
| ol I T
_ 40 ——TA=Tminto Tmax AI min =, “max
Z Al Bits 0" \ g i
\ E = = =
2 30 Limit for = 20 LAl oS0V ladbdl)
g~ V-=-15V g I IREF = 2.0 mA
3 S 18 -
= 3
2 20 3 12
5 ™\ timit for E
@ V-=-50V S o8 | IReF = 1.0 mA
= 10 I
04 IReF=0.2mA
0 o U I
0 1.0 20 3.0 4.0 5.0 -14 -10 -60 -20 20 6.0 10 14 18
IReF. REFERENCE CURRENT (mA) V15, REFERENCE COMMON MODE VOLTAGE (V)
NOTE: Positive Common Mode Range is Always (V+) -1.5 V
FIGURE 3 — REFERENCE INPUT FREQUENCY RESPONSE FIGURE 4 — LSB PROPAGATION DELAY versus Igg
6.0 T T T7 500
40 —+R14=R15=1kOQ
RL< 500 0
20 [ i g o e
5 20 RIS 2 300
5 \ 2 =
3 -40 z
w 1 S
Z -60 b
3 8.0 N\ e L 1sB=61nA
= -8 =
= \ 2 N 1158 =178 A
-10 \ 100 N f
N ™
-12 .
-14 0
0.1 0.2 05 1.0 2.0 5.0 10 0.005 0.01 0.02 005 01 02 05 10 20 50 10
f, FREQUENCY (MHz) Igg. OUTPUT FULL SCALE CURRENT (mA)
Curve 1 — C¢ = 15 pF, Vjn = 2.0 V p-p Centered at +1.0 V (Large-Signal)
Curve 2 — C¢ = 15 pF, Vj, = 50 mV p-p Centered at +200 mV (Smali-Signal)
FIGURE 5 — LOGIC INPUT CURRENT versus
INPUT VOLTAGE FIGURE 6 — VTH - V| ¢ versus TEMPERATURE
8.0 2.0
1.8
16 3
6.0 ~~—
_ 14
2 —
g 1.2 |
40 S 10 -]
>
> 08
z
>
0.6
2.0 l
0.4
0.2
0 0.
-12 -80 -40. 0 40 8.0 12 16 20 -50 -25 0 25 50 75 100 125
LOGIC INPUT VOLTAGE (V) TEMPERATURE (°C)
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OUTPUT CURRENT (mA)

OUTPUT CURRENT (mA)

32

28

24

2.0

DAC-08

TYPICAL PERFORMANCE CURVES

FIGURE 7 — OUTPUT CURRENT versus
OUTPUT VOLTAGE
(Output Voltage Compliance)

[ I
All Bits “0n”
TA = Tmin t0 Tmax
V-=-15V V-=-50V 'REF = 2.0 mh
IRep = 1.0 mA —
i
IReF = 0.2 mA ——l
! .
[ ] 1 I
-14 -10 -6.0 -20 20 6.0 10 14 18

0.8

0.6

04

02

OUTPUT VOLTAGE (V)

FIGURE 9 — BIT TRANSFER CHARACTERISTICS

11
T T T
— IREF = 2.0 mA

B1
B2
V-=_15V 83
)4 V-= 50V B4
/Yl [N 3

-12-10-8.0-6.0-4.0-2.0 0 2.0 4.0 6.0 8.0 10 12 14 16 18

LOGIC INPUT VOLTAGE (V)

NOTE: B1-B8 have identical transfer characteristics. Bits are fully switched
withlessthan 1/2LSBerror, atless than 100 mV from actual
threshold. These switching points are guaranteed to lie between

POWER SUPPLY CURRENT (mA)

0.8

V and 2.0 V over operating temperature range (V| ¢ =0 V).

FIGURE 11 — POWER SUPPLY CURRENT versus V-

8.0
1.0
6.0
5.0
4.0
30
20
1.0

0

T T T T
Bits May Be “High” or “Low"” T [

1= with Iggr = 2.0 mA

1- with Ijgf = 1.0 mA
i S 1

|- with Iggr = 0.2 mA

=

CNw

0

-20 -40 -60 -80 -10 -12 -14 -16 -18 -20
V-, NEGATIVE POWER SUPPLY (Vdc)

OUTPUT VOLTAGE (V)

POWER SUPPLY CURRENT (mA)

POWER SUPPLY CURRENT (mA)

8.0
1.0
6.0
5.0
4.0
3.0

20

8.0
10
6.0
5.0
4.0
3.0
20

FIGURE 8 — OUTPUT VOLTAGE COMPLIANCE

versus TEMPERATURE

utput Voltage Range for
REF < 20 mA

For Other V- or Iggr. See Figy

ure 7.

-50 -25 0 25 50 75 100 125
TEMPERATURE (°C)
FIGURE 10 — POWER SUPPLY CURRENT versus V+
All Bits “High” or “Low" |
I+
20 40 60 80 10 12 14 16 18 20
V+, POSITIVE POWER SUPPLY (Vdc)
FIGURE 12 — POWER SUPPLY CURRENT
versus TEMPERATURE
T T
Ali Bits “High" or “Low" [ I
f
IREF = 2.0 mA Ve=_15V -
V+#=+15V I+
-50 -25 0 25 50 75 100 125

TEMPERATURE (°C)
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BASIC CIRCUIT CONFIGURATIONS

FIGURE 13 — RECOMMENDED FULL SCALE
ADJUSTMENT CIRCUIT

FIGURE 14 — POSITIVE LOW IMPEDANCE
OUTPUT OPERATION

+10V

RL

Vo

to +lFR - RL

R 255
FR=~ 5cg 'REF

If complementry output (Negative Logic DAC) operation 1s
desired, connect inverting input of op amp to Ig (Pin 2) and
ground Ig (Pin 4)

FIGURE 15 — NEGATIVE LOW IMPEDANCE
OUTPUT OPERATION

FIGURE 16 — BASIC POSITIVE REFERENCE
OPERATION

Vo
—O
Oto -IgR - RL

! "255'REF
FR™ 256

If p y output (Negative Logic DAC) is desired, con-
nect noninverting input of op amp to Ig (Pin 2) and ground g
(Pin 4)

FIGURE 17 — BASIC NEGATIVE REFERENCE
OPERATION

MsB LSB
B2 B4 B6 B8

RREF

-VREF 0—MWW—{15
R15

NOTE: RRef sets full scale current IgR; R15 is for bias current
cancellation.

MSB LSB
B2 B4 B6 B8

VREF

'REF—> (+)
+VREF 'o
15 s
WA—O (o]

R15 VREF

0.1,,FI ° o :—I:OJ,‘F

lo+10 = IfR for \ +VREF 255
all logic states FR™ ——— x ———
Rper 256
For fixed reference, TTL operation, typical values are
VREF = +10.000 V Cc=0014F
RReF = 5.000 k Vi =0V (Ground)
R15~ RRef

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA




DAC-08

BASIC CIRCUIT CONFIGURATIONS

FIGURE 18 — ACCOMMODATING BIPOLAR REFERENCES

*VREF
| +*VREF
REF* RREF o—Aanw—{14 .
RREF DAC-08
Vin Ao 14 Vv, 15
% O—AN—
Rin DAC-08 " R15
_[—15 (Optional)

RRefF = R156 +VREgf must be abave peak positive swing of Vi
IREF = Peak Negative Swing of ljn

FIGURE 19 — PULSED REFERENCE OPERATION

+VREF
Q@

Optional Resistor |
for Offset Inputs gRREF

ovd L

Typical Values: Rjy 5.0k, +Vin = 10V

FIGURE 20 — BASIC UNIPOLAR NEGATIVE OPERATION

E0 5.000k
O

IREF OT‘

2.000 mA —
E0 5.000 k

o
B1 B2 B3 B4 BS B6 B7 B8|lomA IgmA| Eo Eo
Full Range 171 1 1 1 1 1 1[1992 0000 |-9.960 -0.000
Half Scale +LSB [1 0 0 0 0 0 O 1| 1.008 0984 |-5040 -4.920
Half Scale 100000 O Of1000 0992]|-5000 -4.960
Half Scale ~LSB [0 1 1 1 1 1 1 10992 1.000 |-4.960 -5.000
Zero Scale +LSB [0 0 0 0 0 O O 1/ 0008 1.984 [-0040 -9.920
Zero Scale 0 0 00 0 0 O 00000 1992 0.000 -9.960

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DAC-08

BASIC CIRCUIT CONFIGURATIONS

FIGURE 21 — BASIC BIPOLAR OUTPUT OPERATION

IREF O———«—
—

10.000 k
2.000 mA DAC-08 —

Eo

10.000 k

+10.000 vV
B1 B2 B3 B4 B5 B6 B7 B8 Eo Eo

Pos Full Range L -9.920 +10.000
Pos Full Range -LSB 1 1 1 1 1 1 1 0 -9.840 +9.920

Zero Scale +LSB 10 0 0 0 0 0 1 -0.080 +0.160

Zero Scale i1 0 0 0 0 0 0 O 0.000 +<0.080

Zero Scale -LSB o 1 1 1 1 1 1 +0080 0.000
Neg Full Scale +LSB 0O 0 0 0 0 O O 1} +9920 -9.840
Neg Full Scale 0O 0 0 0 0 O O O |+10000 -9.920

FIGURE 22 — OFFSET BINARY OPERATION

10k 5.0k
—AAN
+15V MSB LS8
e TI71991% sV
5.000
“10V A B! B8
MC1404UIO£O 5.0k 741
5 I
1 L L 15v
18V -16V

81 B2 B3 B4 B85 B6 B7 B8| Ep
Pos Full Range 1 1 11 1 1| -4.960
Zero Scale 1.0 0 0 0 0 0 O 0.000
Neg Fuli Scale+1LSB | 0O 0 O 0 O O O 1}-4960
Neg Full Scale 0O 0 0 0 O O O O]-5000

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DAC-08

FIGURE 23 — INTERFACING WITH VARIOUS LOGIC FAMILIES

15 V CMOS, HTL, HNIL 10 V CMOS
TTL, DTL VIH =76V VTH =50V
VIH = +14V
+15V +10V
DAC-08 9.1k 6.2k
r—o Vic ) p—O Vic
VL
¢ 6.2 k 0.1 uF 3.6k 0.1 uF
50V cMos PMOS 10K ECL

VTH = 2.8V VIH =0V VTH = -1.29V

1N4148 = 13k S

Vic
1N4148

1N4148 [

{"2N3904

Vie
1N4148

1N4148 10k
Vic

10k

. >
L5.0V10-10V 3.9k

-56.2V

NOTE: Do not exceed negative logic input range of DAC.
VIH= Vgt 14V

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DAC-08

FIGURE 24 — SETTLING TIME MEASUREMENT CIRCUIT

For Turn “On”, v =27V YL +5.0V

For Turn “Off", V| = 0.7V

Minimum
Capacitance

1k

MBD501
Schottky Diodes

Vic v,
07V out
Vin X 2N2222A 1x Probe
9 0.1 uF I
56 78 9101112
RREF - o
+VREF O—VWA\— 14 DAC-08 4
(DUT) > -
18 2 _L 15V
R15 -
= 113 3 16 =
= N 001F AV )
| Turn “On”
_L——"' Waveforms ov
L atV, ov
0.1 uF I T 0.1 uF out —l—- (Turn “Off")
I O ---04V
B TAVANRT IV

NOTE: Oscilloscope bandwidth for settling time measurement
= 50 MHz
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MOTOROLA
m SEMICONDUCTOR ms— MC1408

TECHNICAL DATA MC1508
EIGHT-BIT MULTIPLYING EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER DIGITAL-TO-ANALOG
CONVERTER
.. . designed for use where the output current is a linear product SILICON MONOLITHIC

of an eight-bit digital word and an analog input voltage. INTEGRATED CIRCUIT

® Eight-Bit Accuracy Available in Both Temperature Ranges
Relative Accuracy: £0.19% Error maximum
(MC1408L8, MC1408P8, MC1508L8)

® Seven and Six-Bit Accuracy Available with MC1408 Designated
by 7 or 6 Suffix after Package Suffix

® Fast Settling Time — 300 ns typical , L SUFFIX
® Noninverting Digital Inputs are MTTL and n{i CERA&EEPQ&KAGE
CMOS Compatible
16
® Output Voltage Swing — +0.4 V to -5.0 V 1
® High-Speed Multiplying Input
Slew Rate 4.0 mA/us
® Standard Supply Voltages: +5.0 V and P SUFFIX
-5.0Vto-16V PLASTIC PACKAGE
CASE 648 . ,
ORDERING INFORMATION
Device Temperature Range Package
MC1408PB 0 c Plastic
MC1408LB to+78 Ceramic
MC1508LB 55 to +1255°C Ceramic

FIGURE 2 — BLOCK DIAGRAM
FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS
MsB LSB
A10 A20 A30 A40 AS0 A6O A70 AB
g RANGE Ts Ts T7 TS T9 T‘O n T‘2
E o CONTROL —lp
- 10— Current Switches —Oa
4
w
[
4 [TTTTTITd ]
8 1.0 R-2R Ladder Bias Circuit 2
o GND
2 Vret(+) ] l
; 14 0— —o13
3 Reference Vee ‘
> 15 0— Current

o200 Vref(-) Amplitier

lo16

COMPEN

- . SRR RPN Vee b3
.(00000000) (RRRRRRARY NPN Current
INPUT DIGITAL WORD Source Pair

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC1408, MC1508

MAXIMUM RATINGS (T = +25°C unless otherwise noted.)

Rating Symbol Value Unit

Power Supply Voltage Vee +5.5 Vdc
VEE -16.5

Digital Input Voltage Vg thru V12 0to +5.5 Vdc
Applied Output Voltage Vo +0.5,-5.2 Vde
Reference Current 114 5.0 mA
Reference Amplifier Inputs V14.V1s Vee. VEe Vdc
Operating Temperature Range TA °oc

MC1508 -55 to +125

MC1408 Series 0to+75
Storage Temperature Range T,tg -65 to +150 oc

V

Vref
ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, VEE =-15 Vdc, R14 = 2.0 mA, MC1508L8: T = -55°C to +125°C.
MC1408L Series: TA = 0 to + 75°C unless otherwise noted. All digital inputs at high logic level.)

Characteristics Figure | Symbol Min Typ Max Unit
Relative Accuracy (Error relative to full scale Ig) 4 Er %
MC1508L8, MC1408L8, MC1408P8 —_ — +0.19
—_— S— +0.39
- —_ +0.78
Settling Time to with +1/2 LSB [includes tp| HI(TA = + 256°C) (Note 2) 5 ts — 300 — ns
Propagation Delay Time 5 tPHL, — 30 100 ns
Ta =+25°C tPHL
Output Full Scale Current Drift TClo — -20 — PPM/°C
Digital Input Logic Levels (MSB) 3 Vdc
High Level, Logic “1” VIH 2.0 — —_
Low Level, Logic “0" ViL - - 0.8
Digital Input Current (MSB) 3 mA
High Level, Vi =5.0 V : IIH — 0 0.04
Low Level, V| =0.8V i — -0.4 -0.8
Reference Input Bias Current (Pin 15) 3 113 — -1.0 -5.0 A
Output Current Range 3 I0R mA
VEE=-5.0V 0 2.0 2.1
VEE=-15V, Ta =25°C 0 2.0 4.2
Output Current 3 lo mA
VREF =2.000 V, R14.= 1000 Q 1.9 1.99 2.1
Output Current 3 lo{min) — 0 4.0 kA
(All Bits Low)
Output Voltage Compliance (Ey < 0.19% at TA = + 25°C) 3 Vo Vdc
Pin 1 Grounded — - -0.55, +0.4
Pin 1 Open, VEE below - 10V _ —_ -5.0, +0.4
Reference Current Slew Rate 6 SR Iref — 4.0 - mA/us
Output Current Power Supply Sensitivity PSRR(-) — 0.5 27 HAN
Power Supply Current 3 Icc — +1356 +22 mA
(All Bits Low) IEE — ~-75 -13
Power Supply Voltage Range 3 VceRr +4.5 +5.0 +5.5 Vdc
(TA = +25°C) VEER -45 -15 -16.5
Power Dissipation 3 Pp mwW
All Bits Low
VEE =-5.0 Vdc
VEE =-15 Vde —_ 105 170
—_ 190 305
All Bits High
VEE =-5.0 Vdc — 90 —_
VEE =-15 Vde - 160 -

Notes: 1. All current switches are tested to guarantee at least 50% of rated output current.

2. All bits switched.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC1408, MC1508

TEST CIRCUITS
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT
Vee
[
}'6€ Typical values: R14=R15 =1k
13 Vot = +2.0V
14 " C =15 pF V| and |} apply to inputs A1
5 14 «— R1
Ao~ Vret (+) thru A8
a2 08 , The resistor tied to pin 15 is to temperature compensate the
A3 ol 15 +— 115 bias current and may not be necessary for all applications.
8 1 R15 1
Oigital g A40H mcqg08 [3 = A1l A2 A3 A4 A5 A6 A7 A8
inputs) A5 0— Series lo=K —_—t — 4+ — 4+ — + — + — + — + —
A6 o'o MC1508 a = Vo 2 a4 8 16 32 64 128 256
7 1 Output ref
A 12 16 -~ where K =
A8 0—] ‘o R14
RL
"h R c and Ay = 17" if Ay is athigh level
iy AN = 70" if Ay is at low level
- 'EE’ (See text for —
Vee values of C)
FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT
MSB
———————o0—] A1
———————o0— A2
———————0— A3 12-Bit
————0— A4 D-to-A —o— 0to +10 V Output
A5 Converter
© (£0.02%
~ o—]A6 error max)
——o— A7 5k
A8
A9 A10 A11 A12
LsB
50k
Vegt=2v  01uF L
100 = Error (1V =1%)
950 v,
R14 ;C L mcisse
vsa 14 13
5
o3 ]
5
8
a4
8-8i —o0—— 0— MC1408 Series
it Counter 9 'MC1508 —o—J
10
o ol
o 4512
LsB
15 15:}L 3] 2| 1
1K cl L L
= Vee
FIGURE 5 — TRANSIENT RESPONSE and SETTLING TIME
Vv,
0.1uF VEC 24V —\
®in 14v
13 04v
+2.0 Vd
© PHL = tPLH <10 ns
14 1.0k 07V Internal Use Ry_to GND for
15 ] . SETTLING TIME Clamp Level turn off
1 1.0k RL I°'1 s e for Figure 6 measurement (see text).
MC 1408 m_ =ik =
; 4 —= . o + ?
Series  |—O—=—¢—@¢e, FOr sottling time
mcisos |16, measurement. :g;:“/o’ol':;;vplc'l
(Al bits switched
. low to high)
15pF SRCo <25 pF o | |
0.1 uF 3 TRANSIENT RL =500
L RESPONSE pin 4 to GND
L -100 T
VEE mv —| j—tp 1 —v‘ PHL

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC1408, MC1508

TEST CIRCUITS (continued)

FIGURE 6 — REFERENCE CURRENT SLEW
RATE MEASUREMENT

Vee
13
5
6 14 1k — 2v
A\
7 o YT eVl [T,
8 1 Tk 17
9| Mc1a0s 2; l
10 Series 4 =
71| Mcisos  [ig
12 l
= Scope
15 pF e L =50
3
Vee - -
a1 dv 10% °
- — = U7 [\eox%
dt Ry dt 2.0mA
Slewing
Time
FIGURE 7 — POSITIVE Vef
Vee
IIS R14 = R15
A102
R14
A2 OG— J—‘lo——'v::r—. (+) Vief L
A3 0| 15
8 B RI15
A4 0— 1
o | mc1ao8 2
A50= series AL
A6 00| Mc1508 4 —
11 16, o r 1=
A7 O——
12 See text for values of C.
A8 0 c

FIGURE 8 — NEGATIVE V/g¢

Vee
Ls R14=R15
a102
a2 ] e
A3 ol o v (=) Vyer
8 1 R15 r

oo ] ]
9 |mc1a08 2
A5 Series A
a6 ol2 ] Mcis08
lo r l_

12 See text for values of C.
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MC1408, MC1508

FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT
CIRCUIT SCHEMATIC

DIGITAL INPUTS

MsB LsB {1o
50A1 a2 7QA3 8QA4 90 A5 100A6 110A7 120 A8 40
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CIRCUIT DESCRIPTION

The MC1408 consists of a reference current amplifier, an
R-2R ladder, and eight high-speed current switches. For many

lications, only a ref resistor and reference voltage need
be added.

The switches are noninverting in operation, therefore a high
state on the input turns on the specified output current component.
The switch uses current steering for high speed, and a termination
amplifier consisting of an active load gain stags with unity gain
feedback. The termination amplifier holds the parasitic capacitance
of the ladder at a constant volitage during switching, and provides

a low impedance termination of equal voltage for all legs of
the ladder.

The R-2R ladder divides the reference amplifier current into
binarily-related components, which are fed to the switches. Note
that there is always a remainder current which is equal to the
least significant bit. This current is shunted to ground, and the
maximum output current is 255/256 of the reference amplifier
current, or 1.992 mA for a 2.0 mA reference amplifier current
if the NPN current source pair is perfectly matched.
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GENERAL INFORMATION

Reference Amplifier Drive and Compensation

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a curtent, and a turn-around circuit
or current mirror for feeding the ladder. The reference amplifier
input current, 114, must always flow into pin 14 regardiess of the
setup method or reference voltage polarity.

Connections for a positive reference voltage are shown in Figure
7. The reference voltage source supplies the full current 114. For
bipolar reference signals, as in the multiplying mode, R15 can be
tied to a negative voltage corresponding to the minimum input
level. It is possible to eliminate R15 with only a small sacrifice
in accuracy and temperature drift. Another method for bipolar
inputs is shown in Figure 25.

The compensation capacitor value must be increased with in-
creases in R14 to maintain proper phase margin; for R14 values
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15,
37, and 75 pF. The capacitor should be tied to VEg as this in-
creases negative supply rejection.

A negative reference voltage may be used if R14 is grounded
and the reference voltage is applied to R15 as shown in Figure 8.
A high input impedance is the main advantage of this method.
Compensation involves a capacitor to VEg on pin 16, using the
values of the previous paragraph. The negative reference voltage
must be at least 3.0-volts above the VEE supply. Bipolar input
signals may be handled by connecting R14 to a positive reference
voltage equal to the peak positive input level at pin 15.

When a dc reference voltage is used, capacitive bypass to ground
is recommended. The 5.0-V logic supply is not recommended as
a reference voltage. |f a well regulated 5.0-V supply which drives
logic is to be used as the reference, R14 should be decoupled by
connecting it to +5.0 V through another resistor and bypassing
the junction of the two resistors with 0.1 uF to ground. For
reference voltages greater than 5.0 V, a clamp diode is recommen-
ded between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods apply
and the amplifier must be heavily compensated, decreasing the
overall bandwidth.

Output Voltage Range

The voltage on pin 4 is restricted to a range of -0.55 to +0.4
volts at +259C, due to the current switching methods employed
in the MC1408. When a current switch is turned “off”’, the posi-
tive voltage on the output terminal can turn “‘on” the output
diode and increase the output current level. When a current switch
is turned “on’’, the negative output voltage range is restricted.
The base of the termination circuit Darlington transistor is one
diode voltage below ground when pin 1 is grounded, so a negative
voltage below the specified safe level will drive the low current
device of the Darlington into saturation, decreasing the output
current level.

The negative output voltage compliance of the MC1408 may
be extended to -5.0 V volts by opening the circuit at pin 1. The
negative supply voltage must be more negative than -10 volts.
Using a full scale current of 1.992 mA and load resistor of 2.5
kilohms between pin 4 and ground will yield a voltage output
of 256 levels between O and -4.980 voits. Floating pin 1 does
not affect the converter speed or power dissipation. However, the
value of the load resistor determines the switching time due to
increased voltage swing. Values of Ry up to 500 ohms do not sig-
nificantly affect performance, but a 2.5-kilohm load increases
“‘worst case’’ settling time to 1.2 us (when all bits are switched on).

Refer to the subsequent text section on Settling Time for more
details on output loading.

If a power supply value between -5.0 V and -10 V is desired,
a voltage of between 0 and -5.0 V may be applied to pin 1. The
value of this voltage will be the maximum allowable negative out-
put swing.

Output Current Range

The output current maximum rating of 4.2 mA may be used
only for negative supply voitages typically more negative than
-8.0 volts, due to the increased voltage drop across the 350-ohm
resistors in the reference current amplifier.

Accuracy

Absolute accuracy is the measure of each output current level
with respect to its intended value, and is dependent upon relative
accuracy and full scale current drift. Relative accuracy is the
measure of each output current level as a fraction of the full scale
current. The relative accuracy of the MC1408 is essentially
constant with temperature due to the excellent temperature track-
ing of the monolithic resistor ladder. The reference current may
drift with temperature, causing a change in the absolute accuracy
of output current. However, the MC1408 has a very low full
scale current drift with temperature.

The MC1408/MC1508 Series is guaranteed accurate to with-
in £1/2 LSB at +25°C at a full scale output current of 1.992 mA.
This corresponds to a reference amplifier output current drive to
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 uA
which is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mismatch in the NPN current source pair. The
accuracy test circuit is shown in Figure 4. The 12-bit converter
is calibrated for a full scale output current of 1.992 mA. This is
an optional step since the MC1408 accuracy is essentially the
same between 1.5 and 2.5 mA. Then the MC1408 circuits’ full
scale current is trimmed to the same value with R14 so that a zero
value appears at the error amplifier output. The counter is activated
and the error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accurate D-to-A converter. 16-bit accuracy implies a total
error of +£1/2 of one part in 65, 536, or £0.00076%, which is much
more accurate than the +0.19% specification provided by the
MC1408x8.

Multiplying Accuracy

The MC1408 may be used in the multiplying mode with
eight-bit accuracy when the reference current is varied over arange
of 256:1. The major source of error is the bias current of the
termination amplifier. Under “‘worst case’’ conditions, these eight
amplifiers can contribute a total of 1.6 wA extra current at the
output terminal. [f the reference current in the multiplying mode
ranges from 16 pA to 4.0 mA, the 1.6 uA contributes an error
of 0.1 LSB. This is well within eight-bit accuracy referenced to
4.0 mA,

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
MC1408 is monotonic for all values of reference current above
0.5mA. The recommended range for operation with a dc reference
current is 0.5 to 4.0 mA.
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GENERAL INFORMATION (Continued)

Settling Time

The “worst case” switching condition occurs when all bits are
switched ““on’’, which corresponds to a low-to-high transition for
all bits. This time is typically 300 ns for settling to within £1/2
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and 6-bit
accuracy. The turn off is typically under 100 ns. These times
apply when R <500 ohms and Co <25 pF.

The slowest single switch is the least significant bit, which turns
“on’’ and settles in 250 ns and turns “off” in 80 ns. In applica-
tions where the D-to-A converter functions in a positive-going
ramp mode, the “‘worst case’’ switching condition does not occur,
and a settling time of less than 300 ns may be realized. Bit A7
turns “on’* in 200 ns and “off” in 80 ns, while bit A6 turns “‘on’’
in 160 ns and “off'" in 80 ns.

The test circuit of Figure 5 requires a smaller voltage swing for
the current switches due to internal voltage clamping in the MC-
1408. A 1.0-kilohm load resistor from pin 4 to ground gives
a typical settling time of 400 ns. Thus, it is voltage swing and not
the output RC time constant that determines settling time for
most applications.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when measuring
settling time. Short leads, 100 uF supply bypassing for low fre-
quencies, and minimum scope lead length are all mandatory.

TYPICAL CHARACTERISTICS
(Vg = +5.0 V, VEE = -15 V, Tp = +25°C unless otherwise noted.)

FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE
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FIGURE 12 — OUTPUT CURRENT versus OUTPUT VOLTAGE
(See text for pin 1 restrictions)
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FIGURE 11 — TRANSFER CHARACTERISTIC versus TEMPERATURE
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FIGURE 13 — OUTPUT VOLTAGE versus TEMPERATURE
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TYPICAL CHARACTERISTICS (continued)
(Vee=+6.0 V, VEg = =15 V, Tp = +25°C unless otherwise noted.)

FIGURE 15 — TYPICAL POWER SUPPLY CURRENT
FIGURE 14 — REFERENCE INPUT FREQUENCY RESPONSE versus TEMPERATURE (all bits low)
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FIGURE 16 — TYPICAL POWER SUPPLY CURRENT
versus VEE (all bits low)
Unless otherwise specified:
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C =15 pF, pin 16 to VEE
RL =50 £,pin 4 to GND

Curve A:  Large Signal Bandwidth
Method of Figure 7
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Curve B:  Small Signal Bandwidth
Method of Figure 7 R =250 2
Vref = 50 mV(p-p) offset 200 mV above GND
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Curve C:  Large and Small Signal Bandwidth
Method of Figure 25 (no op-ampl, R =50 ) 'EE
Rs =509
Vret =20V 40
Vs = 100 mV(p-p) centered at 0 V .
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APPLICATIONS INFORMATION
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION
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APPLICATIONS INFORMATION (continued)

Voltage outputs of a larger magnitude are obtainable with this
circuit which uses an external operational amplifier as a current
to voltage converter. This configuration automatically keeps the
output of the MC1408 at ground potential and the operational
amplifier can generate a positive voltage limited only by its positive
supply voltage. Frequency response and settling time are primarily
determined by the characteristics of the operational amplifier. In
addition, the operational amplifier must be compensated for unity
gain, and in some cases overcompensation may be desirable.

Note that this configuration results in a positive output voltage
only, the magnitude of which is dependent on the digital input.

The following circuit shows how the MLM301AG can be used
in a feedforward mode resulting in a full scale settling time on
the order of 2.0 us.

FIGURE 18

(To pin 4 "
of MC1508L8)

An alternative method is to use the MC1539G and input com-
pensation. Response of this circuit is also on the order of 2.0 us.
See Motorola Application Note AN-459 for more details on this
concept.

FIGURE 19

+15 Ve

(Topin4
of MC1508L.8)

240

0.2 yF

= 15V

The positive voltage range may be extended by cascading the
output with a high beta common base transistor, Q1, as shown.

FIGURE 20 — EXTENDING POSITIVE
VOLTAGE RANGE

(Resistor and
diode optional,
see text)

y Ge

The output voltage range for this circuit is 0 volts to BVcgo
of the transistor. If pin 1 is left open, the transistor base may be
grounded, eliminating both the resistor and the diode. Variations
in beta must be considered for wide temperature range applica-
tions. An inverted output waveform may be obtained by using a
load resistor from a positive reference voltage to the collector of
the transistor. Also, high-speed operation is possible with a large
output voltage swing, because pin 4 is held at a constant voltage.
The resistor (R) to Vgg maintains the transistor emitter voltage
when all bits are “off"” and insures fast turn-on of the least
significant bit.

Combined Output Amplifier and Voltage Reference

For many of its applications the MC1408 requires a reference
voltage and an operational amplifier. Normally the operational
amplifier is used as a current to voltage converter and its output
need only go positive. With the popular MC1723G voltage regula-
tor both of these functions are provided in a single package with
the added bonus of up to 150 mA of output current. See Figure
21. The MC1723G uses both a positive and negative power supply.
The reference voltage of the MC1723G is then developed with
respect to the negative voltage and appears as a common-mode
signal to the reference amplifier in the D-to-A converter. This
allows use of its output amplifier as a classic current-to-voltage
converter with the non-inverting input grounded.

Since +15 V and +5.0 V are normally available in a combina-
tion digital-to-analog system, only the -5.0 V need be developed.
A resistor divider is sufficiently accurate since the allowable range
on pin 5 is from -2.0 to -8.0 volts. The 5.0 kilohm pulldown
resistor on the amplifier output is necessary for fast negative
transitions.

Full scale output may be increased to as much as 32 volts by
increasing RQ and raising the +15 V supply voltage to 35 V maxi-
mum. The resistor divider should be altered to comply with the
maximum limit of 40 volts across the MC1723G. Cp may be
decreased to maintain the same RgCq product if maximum speed
is desired.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA




MC1408, MC1508

APPLICATIONS INFORMATION (continued)

Programmable Power Supply FIGURE 22 —- BIPOLAR OR NEGATIVE OUTPUT
The circuit of Figure 21 can be used as a digitally programmed VOLTAGE CIRCUIT

power supply by the addition of thumbwheel switches and a BCD-

to-binary converter. The output voltage can be scaled in several

ways, including 0 to +25.5 volts in 0.1-volt increments, £0.05 volt;

or 0 to 5.1 volts in 20 mV increments, £10 mV.

Vref
R14 Rg Ro
1 4
FIGURE 21 — COMBINED OUTPUT AMPLIFIER and Asol £
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13 o me = =
+5V
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Bipelsr or Negative Output Voltage

The circuit of Figure 22 is a variation from the standard volt-

age output circuit and will produce bipolar output signals. A ‘Decrease Ro 0 2.5 k2 for a 0 to -5.0-volt output range.

positive current may be sourced into the summing node to offset This appli provides hat lower speed, as previously
the output voltage in the negative direction. For example, if discussed in the Output Voltage Range saction of the General
approximately 1.0 mA is used a bipolar output signal results which Information.

may be described as a 8-bit “1's" complement offset binary. Vyef
may be used as this auxiliary reference. Note that Rg has been
doubled to 10 kilohms of the anticipated 20 V(p-p)
output range.
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APPLICATIONS INFORMATION (continued)

Polarity Switching Circuit, 8-Bit Magnitude
Plus Sign D-to-A Converter

Bipolar outputs may also be obtained by using a polarity switch-
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus
asign bit. In this configuration the operational amplifier is switched
between a gain of +1.0 and -1.0. Although another operational
amplifier is required, no more space is taken when a dual operational
amplifier such as the MC1558G is used. The transistor should be
selected for a very low saturation voltage and resistance.

FIGURE 24 —POLARITY SWITCHING CIRCUIT
(8-Bit Magnitude Plus Sign D-to-A Converter)
R
10k

From vg
Output
Op-Ampl

Vo=VoP ~VgP
1/2 MC1558G

or Equiv
MPS6514
Polarity or Equiv
Control Bit

AR
[
e
) 33
&
W

Programmable Gain Amplifier or Digital Attenuator

When used in the multiplying mode the MC1408 can be
applied as a digital attenuator. See Figure 25. One advantage of
this technique is that if Rg = 50 ohms, no compensation capacitor
is needed. The small and large signal bandwidths are now identical
and are shown in Figure 14.

The best frequency response is obtained by not allowing 114
to reach zero. However, the high impedance node, pin 16, is
clamped to prevent saturation and insure fast recovery when the
current through R14 goes to zero. Rg can be set for a £1.0 mA
variation in relation to [14. 114 can never be negative.

The output currentis always unipolar. The quiescent dc output
current level changes with the digital word which makes ac coupling
necessary.

FIGURE 25 — PROGRAMMABLE GAIN AMPLIFIER OR
DIGITAL ATTENUATOR CIRCUIT
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Panel Meter Readout

The MC1408 can be used to read out the status of BCD or
binary registers or counters in a digital control system. The current
output can be used to drive directly an analog panel meter. Ex-
ternal meter shunts may be necessary if a meter of less than 2.0
mA full scale is used. Full scale calibration can be done by adjust-
ing R14 or V ef.

FIGURE 26 — PANEL METER READOUT CIRCUIT

Digital Word From Counter or Register
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R14
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MC1408 Series 4
MC1508

Vee voltage swing).
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- resistance (for pin 4

VeE

FIGURE 27 — DC COUPLED DIGITAL ATTENUATOR
and DIGITAL SUBTRACTION
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Programmable Amplifier:
Connect Digital Inputs so A = B

Digital Subtraction:
_ Vref2
R14y

o Vref
Ria,

Vief1  Vref2
Vo = {A} - =
R144 R14,

o=\;—':% F‘o[{A} - {B}]

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

6-25




MC1408, MC1508

APPLICATIONS INFORMATION (continued)

FIGURE 36 — TWO-DIGIT BCD CONVERSION

Vee 5k
13 R
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15 R15 N Vo
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°_$' MC1408P6 ’: 200 0.5%
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Ms \_
® g £ &
Vee
Two 8-bit, D-to-A converters can be used to build a two digit 4.0mA and 0.4 mA with the outputs connected to sum the currents.
BCD D-to-A or A-to-D converter. If both outputs feed the virtual The error of the D-to-A converter handling the least significant
ground of an operational amplifier, 10:1 current scaling can be bits will be scaled down by a factor of ten and thus an MC1408L.6
achieved with a resistive current divider. If current output is de- may be used for the least significant word.

sired, the units may be operated at full scale current levels of

FIGURE 37 — DIGITAL QUOTIENT OF TWO ANALOG VARIABLES
or ANALOG-TO-DIGITAL CONVERSION

Vin Clock Reset
fo 1
Vref 1 8-Bit Binary
Counter
= Comparator
4 }
R14 12
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R15 14 70
[ v 15 | MC1408 Series [ 9
= TeCe—r mcisos 13
VEE &9 6
CxR3
T 5
16
The circuit shown is a simple counter- 1_{ 2}_ LsB L msB
ramp.converter. An UP/DOWN counter = = N—— S ———
and dual threshold comparator can be Cc
used to provide faster operation and con-
tinuous conversion. Vin/Ro
Vief/R14
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@ SEMICONDUCTOR B MC10319
TECHNICAL DATA
HIGH SPEED
HIGH SPEED 8-BIT ANALOG-TO-DIGITAL
8-BIT ANALOG-TO-DIGITAL CONVERTER FLASH CONVERTER
The MC10319 is an 8-bit high speed parallel flash A/D converter. SILICON MONOLITHIC
The device employs an internal Gray Code structure to eliminate INTEGRATED CIRCUIT
large output errors on fast slewing input signals. It is fully TTL
compatible, requiring a +5.0 V supply and a wide tolerance neg-
ative supply of —3.0 to —6.0 V. Three-state TTL outputs allow
direct drive of a data bus or common I/O memory.
The MC10319 contains 256 parallel comparators across a pre-
cision input reference network. The comparator outputs are fed L SUFFIX
to latches and then to an encoder network, to produce an 8-bit CERAMIC PACKAGE
data byte plus an overrange bit. The data is latched and converted CASE 623
to 3-state LS-TTL outputs. The overrange bit is always active to 24
allow for either sensing of the overrange condition or ease of
interconnecting a pair of devices to produce a 9-bit A/D converter.
Applications include Video Display and Radar processing, high P SUFFIX
speed instrumentation and TV Broadcast encoding. PLASTIC PACKAGE
o Internal Gray Code for Speed and Accuracy, Binary Outputs CASE 709
o 8-Bit Resolution/9-Bit Typical Accuracy
o Easily Interconnected for 9-Bit Conversion
o 3-State LS-TTL Outputs with True and Complement Enable
Inputs e
® 25 MHz Sampling Rate 1 50-28L
@ Wide Input Range: 1.0-2.0 Vp-p Between 2.0V
e Lowl C it; : 50 pF
Low Input a!)at.:.l ar}ce 50 p PIN DIAGRAM
® Low Power Dissipation: 618 mW (L and P only)
©® No Sample/Hold Required for Video Bandwidth Signals \
. . VAM E 24| VRT
® Single Clock Cycle Conversion
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit

Supply Voltage Vce(A), (D) +7.0 Vdc
VEE -7.0
Positive Supply Voltage Differential Vee(p)- ~0.3to +0.3 Vdc
Vecia)

Digital Input Voltage (Pins 18-20) Vi(D) -0.5t0 +7.0 Vdc
Analog Input Voltage (Pins 1, 14, 23, 24) Via) -25t0 +2.5 Vdc
Reference Voltage Span (Pin 24-Pin 23) — 2.3 Vdc
Applied Output Voltage (Pins 4-10, 21 in 3-State) — -0.3to +7.0 Vdc
Junction Temperature Ty +150 °C
Storage Temperature Tstg —65to +150 °C

Devices should not be operated at these values. The “Recommended Operating Limits” provide guidelines for actual
device operation.

RECOMMENDED OPERATING LIMITS

Parameter Symbol Min Typ Max Unit

Power Supply Voltage (Pin 15) Vce(A) +4.5 +5.0 +5.5 Vdc
(Pins 11, 17) Vee()
Vcep) - Veca) AVce -0.1 0 +0.1 Vdc
Power Supply Voltage (Pin 13) VEE -6.0 -5.0 -3.0 Vde
Digital Input Voltages (Pins 18-20) Vi(D) 0 _ +5.0 Vde
Analog Input (Pin 14) Vi(A) -2.1 - +2.1 Vde
Voltage @ VRT (Pin 24) VRT -1.0 — +2.1 Vdc
Voltage @ VRp (Pin 23) VRB -2 — +1.0 Vdc
VRT — VRB AVR +1.0 — +2.1 Vdc
VRB — VEE . — 1.3 — — Vdc
Applied Output Voltage (Pins 4-10, 21 in 3-State) Vo 0 —_ 5.5 Vde
Clock Pulse Width — High tCKH 5.0 20 — ns
Low tCKL 15 20 —

Clock Frequency fcLk 0 — 25 MHz
Operating Ambient Temperature TA 0 — +70 °C

ELECTRICAL CHARACTERISTICS (0° < Tp < 70°C, Vec = 5.0V, VEg = —5.2V,VRT = +1.0V, VRg = — 1.0V, except
where noted.)

Parameter Symbol Min I Typ | Max l Unrl

TRANSFER CHARACTERISTICS (fckL = 25 MH2)
Resolution N — | — l 8.0 Bits
Monotonicity MON Guaranteed Bits
Integral Nonlinearity INL — +1/4 +1.0 LsB
Differential Nonlinearity DNL — —_ +1.0 LSB
Differential Phase (See Figure 16) DP — 1.0 — Deg.
Differential Gain (See Figure 16) DG —_ 1.0 — %
Power Supply Rejection Ratio PSRR LSBV

45V <Vpec <55V, Vgg = -5.2V) — 0.1 —

(—6.0V<VEE< -3.0V,Vcc = +5.0V) — 0 —
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ELECTRICAL CHARACTERISTICS — continued (0° < Tp < 70°C, V¢c = 5.0V, VEg = -5.2V,VRT = +1.0V,
VRB = —1.0V, except where noted.)

Parameter Symbol Min Typ Max I Unit ]
ANALOG INPUT (PIN 14)
Input Current @ Vi, = VRB (See Figure 5) IINL —100 0 — nA
Input Current @ Vi, = VRT (See Figure 5) IINH — 60 150 nA
Input Capacitance (VRT — VRB = 2.0 V, See Figure 4) Cin — 36 — pF
Input Capacitance (VRT — VRB = 1.0 V, See Figure 4) Cin — 55 = pF
Bipolar Offset Error Vos — 0.1 —_ LSB
REFERENCE
Ladder Resistance (VRT to VRg, TA = 25°C) Rref 104 130 156 Q
Temperature Coefficient Tc - +0.29 —_ %I°C
Ladder Capacitance (Pin 1 open) Cref — 25 — pF

ENABLE INPUTS (Vcc = 5.5 V) (See Figure 6)

Input Voltage — High (Pins 19-20) VIHE 20 - — \"
Input Voltage — Low (Pins 19-20) VILE — — 0.8 v
Input Current @ 2.7 V WHE — 0 20 pA
Input Current @ 0.4V @ EN (0 < EN < 5.0 V) L1 -400 -100 — pA
Input Current @ 0.4V @ EN (EN = 0 V) liL2 —-400 -100 — nA
Input Current @ 0.4 V @ EN (EN = 2.0 V) 3 -20 -2.0 — A
Input Clamp Voltage (g = —18 mA) VIKE -15 -1.3 — \
CLOCK INPUT (Ve = 5.5V)
Input Voltage High . ViIHC 2.0 — — Vdc
Input Voltage Low ViLc — — 0.8 Vdc
Input Current @ 0.4 V (See Figure 7) iLe —400 -80 — nA
Input Current @ 2.7 V (See Figure 7) IHC -100 -20 — pA
Input Clamp Voltage (lk = —18 mA) Vike -15 -1.3 — Vdc
DIGITAL OUTPUTS
High Output Voltage (IgH = —400 uA, Ve = 4.5V, See Figure 8) VOH 2.4 3.0 —_ \
Low Output Voltage (Ig. = 4.0 mA, See Figure 9) VoL — 0.35 0.4 \
Output Short Circuit Current* (Vcc = 5.5 V) Isc — 35 — mA
Output Leakage Current (0.4 < Vg < 2.4 V, See Figure 3, ILk -50 - +50 nA
Vce = 5.5V, D0-D7 in 3-State Mode)
Output Capacitance (D0-D7 in 3-State Mode) Cout - 9.0 —_ pF
*Only one output is to be shorted at a time, not to exceed 1 second.
POWER SUPPLIES I
Vce(a) Current (4.5 V < Vog(a) < 5.5 V) (Outputs unloaded) ICC(A) 10 17 25 mA |
Vce(p) Current (4.5 V < Veg(p) < 5.5 V) (Outputs unloaded) lcc(p) 50 90 133 mA
VEE Current (-6.0 V < VEg < -3.0V) IEg -14 -10 -6.0 mA
Power Dissipation (VRT — VRB = 2.0 V) (Outputs unioaded) Pp _ 618 | 995 mW
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TIMING CHARACTERISTICS (Tp = 25°C, Vo = +5.0V, VEg = —5.2V,VRT = +1.0V,VRg = =10V,
See System Timing Diagram.)

Parameter —[ Symbol ] Min Typ l Max I Unit |
INPUTS
Min Clock Pulse Width — High tCKH —_ 5.0 — ns
Min Clock Pulse Width — Low tCKL — 15 — ns
Manx Clock Rise, Fall Time tR,F - 100 — ns
Clock Frequency foLk 0 30 25 MHz
OQUTPUTS
New Data Valid from Clock Low tCKDV — 19 — ns
Aperture Delay tAD —_ 4.0 — ns
Hold Time tH - 6.0 — ns
Data High to 3-State from Enable Low* tEHZ - 27 — ns
Data Low to 3-State from Enable Low* tELZ — 18 — ns
Data High to 3-State from Enable High* tEHZ — 32 — ns
Data Low to 3-State from Enable High* tELZ — 18 — ns
Valid Data from Enable High (Pin 20 = 0 V)* tEDV - 15 — ns
Valid Data from Enable Low (Pin 19 = 5.0 V)* tEpV — 16 — ns
Output Transition Time* (10%-90%) tr — 8.0 — ns
*See Figure 2 for output loading.
PIN DESCRIPTIONS
Pin
Symbol | L,P Suffix | DW Suffix | Description
VRM 1 1 The midpoint of the reference resistor ladder. Bypassing can

be done at this point to improve performance at high
frequencies.

GND 2,12 2,13,17 | Digital ground. The pins should be connected directly together,
16, 22 18, 25,26 | and through a low impedance path to the power supply.

OVR 3 3 Overrange output. Indicates Vi is more positive than VRT 1/2
LSB. This output does not have 3-state capability.

D7-D@ 4-10,21 | 4-10, 24 | Digital Outputs. D7 (Pin 4) is the MSB. D@ (Pin 21 or 24) is the
LSB. LSTTL compatible with 3-state capability.

Vee(p) 11,17 11,12 Power supply for the digital section. +5.0 V, +10% required.
19, 20 Reference to digital ground.

VEE 13 14 Negative Power supply. Nominally —5.2 V, it can range from
—3.0to —6.0 V, and must be more negative than VRg by >1.3 V.
Reference to analog gnd.

Vin 14 15 Signal voltage input. This voltage is compared to the reference
to generate a digital equivalent. Input impedance is nominally
16-33K in parallel with 36 pF.

Vee(a) 15 16 Power supply for the analog section. +5.0 V, =10% required.
Reference to analog ground.

CLK 18 21 Clock input. TTL compatible.

EN 19 22 Enable input. TTL compatible, a logic 1 (and EN at a logic 0)
enables the data outputs. A logic 0 puts the outputs in a 3-state
mode.

EN 20 23 Enable input. TTL compatible, a logic 0 (and EN at a logic 1)
enables the data outputs. A logic 1 puts the outputs in a 3-state
mode.

VRB 23 27 The bottom (most negative point) of the internal reference
resistor ladder.

VRT 24 28 The top (most positive point) of the internal reference resistor
ladder.
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FIGURE 1 — SYSTEM TIMING DIAGRAM
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FIGURE 4 — INPUT CAPACITANCE @ V) (PIN 14)
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FIGURE 10 — SUPPLY CURRENT versus TEMPERATURE
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DESIGN GUIDELINES

INTRODUCTION

The MC10319 is a high-speed, 8-bit, parallel (“Flash”)
type analog-to-digital converter containing 256 com-
parators at the front end. See Figure 17 for a block dia-
gram. The comparators are arranged such that one in-
put of each is referenced to evenly spaced voltages,
derived from the reference resistor ladder. The other
input of the comparators is connected to the input signal
(Vin). Some of the comparator’s differential outputs will
be “true,” while other comparators will have “not true”’
outputs, depending on their relative position. Their out-
puts are then latched, and converted to an 8-bit Grey
code by the Differential Latch Array. The Grey code en-
sures any input errors due to cross talk, feed-thru, or
timing disparaties, result in glitches at the output of only
a few LSBs, rather than the more traditional 1/2 scaie
and 1/4 scale glitches.

The Grey code is then translated to an 8-bit binary
code, and the differential levels are translated to TTL
levels before being applied to the output latches. EN-
ABLE inputs at this final stage permit the TTL outputs
(except Overrange) to be put into a high impedance
(3-state) condition.

ANALOG SECTION

SIGNAL INPUT

The signal voltage to be digitized (Vjp) is applied
simultaneously to one input of each of the 256 com-
parators through Pin 14. The other inputs of the com-
parators are connected to 256 evenly spaced voltages
derived from the reference ladder. The output code de-
pends on the relative position of the input signal and
the reference voltages. The comparators have a
bandwidth of >50 MHz, which is more than sufficient
for the allowable (Nyquist theory) input frequency of
12.5 MHz.

The current into Pin 14 varies linearly from 0 (when
Vin = VRB) to =60 pA (when Vi = VRT). If Vi is taken
below VRp or above VRT, the input current will remain
at the value corresponding to VRg and VRT respectively
(see Figure 5). However, Vjn must be maintained within
the absolute range of +2.5 volts (with respect to
ground) — otherwise excessive currents will result at
Pin 14, due to internal clamps.

The input capacitance at Pin 14 is typically 36 pF if
[VRT — VRBI is 2.0 volts, and increases to 55 pF if [VRT
— VRgl is reduced to 1.0 volt (see Figure 4). The ca-
pacitance is constant as Vjp varies from VRT down to
~0.1 volt above VRg. Taking Vi, to VR will show an
increase in the capacitance of =50%. If Vi, is taken
above VRT, or below VRB, the capacitance will stay at
the values corresponding to VRT and VRB, respectively.

The source impedance of the signal voltage should
be maintained below 100 Q (at the frequencies of in-
terest) in order to avoid sampling errors.

REFERENCE

The reference resistor ladder is composed of a string
of equal value resistors so as to provide 256 equally
spaced voltages for the comparators (see Figure 17 for
the actual configuration). The voltage difference be-
tween adjacent comparators corresponds to 1 LSB of
the input range. The first comparator (closest to VRB)
is referenced 1/2 LSB above VRp, and the 256th com-
parator (for the overrange) is referenced 1/2 LSB below
VRT. The total resistance of the ladder is nominally 130
Q, £20%, requiring 15.4 mA @ 2.0 volts, and 7.7 mA @
1.0 volt. There is a nominal warm-up change of = +9.0%
in the ladder resistance due to the +0.29%/°C temper-
ature coefficient.

The minimum recommended span [VRT — VRBI is
1.0 volt. A lower span will allow offsets and nonlinear-
ities to become significant. The maximum recom-
mended span is 2.1 volts due to power limitations of
the resistor ladder. The span may be anywhere within
the range of —2.1to +2.1 volts with respect to ground,
and VRB must be at least 1.3 volts more positive than
VEE. The reference voltages must be stable and free of
noise and spikes, since the accuracy of a conversion is
directly related to the quality of the reference.

In most applications, the reference voltages will re-
main fixed. In applications involving a varying reference
for modulation or signal scrambling, the modulating
signal may be applied to VRT, or VRB, or both. The out-
put will vary inversly with the reference signal, intro-
ducing a nonlinearity into the transfer function. The ad-
dition of the modulating signal and the dc level applied
to the reference must be such that the absolute voltage
at VRT and VRB are maintained within the values listed
in the Recommended Operating Limits. The RMS value
of the span must be maintained <2.1 volts.

VRM (Pin 1) is the midpoint of the resistor ladder,
excluding the Overrange comparator. The voltage at
VRM is:

VRT + VRB _

2.0 1/2 LSB

In most applications, bypassing this pin to ground (0.1
uF) is sufficient to maintain accuracy. In applications
involving very high frequencies, and where linearity is
critical, it may be necessary to trim the voltage at the
midpoint. A means for accomplishing this is indicated
in Figure 18.

POWER SUPPLIES

VcceiA) is the positive power supply for the compar-
ators, and Vcg(p) is the positive power supply for the
digital portion. Both are to be +5.0 volts, =10%, and
the two are to be within 100 millivolts of each other.
There is indirect internal coupling between Vcc(p) and
Vce(A)- If they are powered separately, and one supply
fails, there will be current flow through the MC10319 to
the failed supply.
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Icc(A) is nominally 17 mA, and does not vary with
clock frequency or with Vj,. It does vary linearly with
Vce(A)- Icc(p) is nominally 90 mA, and is independent
of clock frequency. It does vary, however, by 6-7 mA
as Vjp is changed, with the lowest current occuring
when Vi = VRT. It varies linearly with Vcc(p)-

VEE is the negative power supply for the comparators,
and is to be within the range —3.0 to —6.0 volts. Ad-
ditionally, VEg must be at least 1.3 volts more negative
than VRp. Igg is @a nominal ~ 10 mA, and is independent
of clock frequency, Vjn, and VEE.

For proper operation, the supplies must be bypassed
at the IC. A 10 uF tantalum, in parallel with a 0.1 uF
ceramic is recommended for each supply to ground.

DIGITAL SECTION

CLOCK

The Clock input is TTL compatible with a typical fre-
quency range of 0 to 30 MHz. There is no duty cycle
limitations, but the minimum low and high times must
be adhered to. See Figure 7 for the input current
requirements.

The conversion sequence is shown in Figure 19, and
is as follows:

@ Onthe rising edge, the data output latches are latched
with old data, and the comparator output latches are
released to follow the input signal (Vjp).

o During the high time, the comparators track the input
signal. The data output latches retain the old data.

® On the falling edge, the comparator outputs are
latched with the data immediately prior to this edge.
The conversion to digital occurs within the device,
and the data output latches are released to indicate
the new data within 20 ns.

® During the clock low time, the comparator outputs
remain latched, and the data output latches remain
transparent.

A summary of the sequence is that data present at
Vin just prior to the Clock falling edge is digitized and
available at the data outputs immediately after that
same falling edge.

The comparator output latches provide the circuit
with an effective sample-and-hold function, eliminating
the need for an external sample-and-hold.

ENABLE INPUTS

The two Enable inputs are TTL compatible, and are
used to change the data outputs (D7-D0) from active to
3-state. This capability allows cascading two MC10319s
into a 9-bit configuration, flip-flopping two MC10319s
into a 50 MHz configuration, connecting the outputs
directly to a data bus, multiplexing multiple converters,
etc. See the Applications Information section for more
details. For the outputs to be active, Pin 19 must be a
Logic ““1,” and Pin 20 must be a Logic “0.” Changing
either input will put the outputs into the high impedance
mode. The Enable inputs affect only the state of the
outputs — they do not inhibit a conversion. The input
current into Pins 19 and 20 is shown in Figure 6, and
the input — output timing is shown in Figure 1 and 20.
Leaving either pin open is equivalent to a Logic “1,”
although good design practice dictates that an input
should never be left open.

The Overrange output (Pin 3) is not affected by the
Enable inputs as it does not have 3-state capability.

OUTPUTS

The data outputs are TTL level outputs with high
impedance capabilility. Pin 4 is the MSB (D7), and Pin
21 is the LSB (D0). The eight outputs are active as long
as the Enable inputs are true (Pin 19 = high, Pin 20 =
low). The timing of the outputs relative to the Clock
input and the Enable inputs is shown in Figures 1 and
20. Figures 8 and 9 indicate the output voltage versus
load current, while Figure 3 indicates the leakage cur-
rent when in the high impedance mode.

The output code is natural binary, depicted in the table
below.

The Overrange output (Pin 3) goes high when the in-
put, Vip, is more positive than VRT — 1/2 LSB. This
output is always active — it does not have high imped-
ance capability. Besides being used to indicate an input
overrange, it is additionally used for cascading two
MC10319s to form a 9-bit A/D converter (see Figure 27).

VRT. VRB (volts) Output
Input 2.048V,0V +10V, -10V +10V,0V Code Overrange
>VRT - 1/2 LSB >2.044 V >0.9961 V >0.9980 V FFH 1
VRT - 1/2LSB 2,044V 0.9961 V 0.9980 V FFH 0o 1 !
VRT - 1LSB 2,040 V 0.992 V 0.9961 V FFH 0
VRT — 1-1/2 LSB 2.036 V 0.988 V 0.9941V FEH < FFy 0 :
Midpoint 1.024 V 0.000 V 0.5000 V 80H 0
VRB + 1/2LSB 4.0 mv -0.9961 V 1.95 mvV 004 < 01K 0
<VRB <0V <-1.0V <oV 004 0
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APPLICATIONS INFORMATION

POWER SUPPLIES, GROUNDING

The PC board layout, and the quality of the power
supplies and the ground system at the IC are very im-
portant in order to obtain proper operation. Noise, from
any source, coming into the device on V¢g, VEE, or
ground can cause an incorrect output code due to in-
teraction with the analog portion of the circuit. At the
same time, noise generated within the MC10319 can
cause incorrect operation if that noise does not have a
clear path to ac ground.

Both the Vcc and VEg power supplies must be
decoupled to ground at the IC (within 1" max) with a 10
uF tantalum and a 0.1 uF ceramic. Tantalum capacitors
are recommended since electrolytic capacitors simply
have too much inductance at the frequencies of interest.
The quality of the V¢ and VEg supplies should then
be checked at the IC with a high frequency scope. Noise
spikes (always present when digital circuits are present)
can easily exceed 400 mV peak, and if they get into the
analog portion of the IC, the operation can be disrupted.
Noise can be reduced by inserting resistors and/or in-
ductors between the supplies and the IC.

If switching power supplies are used, there will usu-
ally be spikes of 0.5 volts or greater at frequencies of
50-200 kHz. These spikes are generally more difficult to
reduce because of their greater energy content. In ex-
treme cases, 3-terminal regulators (MC78L05ACP,
MC7905.2CT), with appropriate high frequency filtering,
should be used and dedicated to the MC103189.

The ripple content of the supplies should not allow
their magnitude to exceed the values in the Recom-
mended Operating Limits.

The PC board tracks supplying Vcc and VgE to the
MC10319 should preferably not be at the tail end of the
bus distribution, after passing through a maze of digital
circuitry. The MC10319 should be close to the power
supply, or the connector where the supply voltages en-
ter the board. If the V¢ and VEE lines are supplying
considerable current to other parts of the boards, then
it is preferable to have dedicated lines from the supply
or connector directly to the MC10319.

The four ground pins (2, 12, 16, 22) must be connected
directly together. Any long path beween them can cause
stability problems due to the inductance (@25 MHz) of
the PC tracks. The ground return for the signal source
must be noise free.

REFERENCE VOLTAGE CIRCUITS

Since the accuracy of the conversion is directly related
to the quality of the references, it is imperative that ac-
curate and stable voltages be provided to VRT and VRp.
If the reference span is 2 volts, then 1/2 LSB is only 3.9
millivolts, and it is desireable that VRT and VRp be ac-
curate to within this amount, and furthermore, that they

do not drift more than this amount once set. Over the
temperature range of 0 to 70°C, a maximum tempera-
ture coefficient of 28 ppm/°C is required.

The voltage supplies used for digital circuits should
preferably not be used as a source for generating VRT
and VRB, due to the noise spikes (50-400 mV) present
on the supplies and on their ground lines. Generally
+15volts, or =12 volts, are available for analog circuits,
and are usually clean compared to supplies used for
digital circuits, although ripple may be present in vary-
ing amounts. Ripple is easier to filter out than spikes,
however, and so these supplies are preferred.

Figure 21 depicts a circuit which can provide an
extremely stable voltage to VRT at the current required
(the maximum reference currentis 19.2 mA @ 2.0 volts).
The MC1403 series of reference sources has very low
temperature coefficients, good noise rejection, and a
high initial accuracy, allowing the circuit to be built with-
out an adjustment pot if the VRT voltage is to remain
fixed at one value. Using 0.1% wirewound resistors for
the divider provides sufficient accuracy and stability in
many cases. Alternately, resistor networks provide high
ratio accuracies, and close temperature tracking. If the
application requires VRT to be changed periodically, the
two resistors can be replaced with a 20 turn, cermet
potentiometer. Wirewound potentiometers should not
be used for this type of application since the pot's slider
jumps from winding to winding, and an exact setting
can be difficult to obtain. Cermet pots allow for a
smooth continuous adjustment.

In Figure 21, R1 reduces the power dissipation in the
transistor, and can be carbon composition. The 0.1 uF
capacitor in the feedback path provides stability in the
unity gain configuration. Recommended op amps are:
LM358, MC34001 series, LM308A, LM324, and LM11C.
Offset drift is the key parameter to consider in choosing
an op amp, and the LM308A has the lowest drift of those
mentioned. Bypass capacitors are not shown in Figure
21, but should always be provided at the input to the
2.5 volt reference, and at the power supply pins of the
op amp.

Figure 22 shows a simpler and more economical cir-
cuit, using the LM317LZ regulator, but with lower initial
accuracy and temperature stability. The op amp/current
booster is not needed since the LM317LZ can supply the
current directly. In a well controlled environment, this
circuit will suffice for many applications. Because of the
lower initial accuracy, an adjustment pot is a necessity.

Figure 23 shows two circuits for providing the voitage
to VRB. The circuits are similar to those of Figures 21
and 22, and have similar accuracy and stability. The
output transistor is a PNP in this case since the circuit
must sink the reference current.
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VIDEO APPLICATIONS

The MC10319 is suitable for digitizing video signals
directly without signal conditioning, although the stan-
dard 1 volt p-p video signal can be amplified to a 2.0
volt p-p signal for slightly better accuracy. Figure 24
shows the input (top trace) and reconstructed output of
a standard NTSC test signal, sampled at 25 MSPS, con-
sisting of a sync pulse, 3.58 MHz color burst, a 3.58 MHz
signal in a Sin2x envelope, a pulse, a white level signal,
and a black level signal. Figure 25 shows a Sin2x pulse
that has been digitized and reconstructed at 25 MSPS.
The width of the pulse is =450 ns at the base. Figure 26
shows an application circuit for digitizing video.

9-BIT A/D CONVERTER

Figure 27 shows how two MC10319s can be con-
nected to form a 9-bit converter. In this configuration,
the outputs (D7-DO0) of the two 8-bit converters are par-
alleled. The outputs of one device are active, while the
outputs of other are in the 3-state mode. The selection
is made by the Overrange output of the lower MC10319,
which controls Enable inputs on the two devices. Addi-
tionally, this output provides the Sth bit.

The reference ladders are connected in series, pro-
viding the 512 steps required for 9 bits. The input volt-
age range is determined by VRT of the upper MC10319,
and VRp of the lower device. A minimum of 1.0 volt is
required across each converter. The 500 Q pot (20 turn
cermet) allows for adjustment of the midpoint since the
reference resistors of the two MC10319s may not be
identical in value. Without the adjustment, a non-equal
voltage division would occur, resulting in a nonlinear

conversion. If the references are to be symmetrical
about ground (e.g., =1.0 volt), the adjustment can be
eliminated, and the midpoint connected to ground.

The use of latches on the outputs is optional, de-
pending on the application.

50 MHz, 8-BIT A/D CONVERTER

Figure 28 shows how two MC10319s can be con-
nected together in a flip-flop arrangement in order to
have an effective conversion speed of 50 MHz. The
74F74 D-type flip-flop provides a 25 MHz clock to each
converter, and at the same time, controls the ENABLES
so as to alternately enable and disable the outputs. The
Overranges do not have 3-state capability, and so can-
not be paralleled. Instead they are OR’'d together. The
use of latches is optional, and depends on the appli-
cation. Data should be latched, or written to RAM (in
a DMA operation), on the high-to-low transition of the
50 MHz clock.

NEGATIVE VOLTAGE REGULATOR

In the cases where a negative power supply is not
available — neither the —3.0 to —6.0 volts, nor a higher
negative voltage from which to derive it — the circuit
of Figure 29 can be used to generate —5.0 volts from
the +5.0 volts supply. The PC board space required is
small (=2.0 in2), and it can be located physically close
to the MC10319. The MC34063 is a switching regulator,
and in Figure 29 is configured in an inverting mode of
operation. The regulator operating specifications are
also given.

FIGURE 16 — DIFFERENTIAL PHASE AND GAIN TEST

via rara HDS-1250
‘aeo . 12-Bit D/A 1.024
Signal MC10319 8 ol ot L8 v
DuUT 7 V4 L Vp-p
(See Below) D3
to
1 J s Analyzer
Clock Do
120 — l VRT
&
571.4 mV / ( % /
(40 IRE)
% // 2.000 V
o0 1429V
285.7 mV 40 (100 IRE)
% / 420
// 20 IRE {_vag

levels as shown above.

Video Input Signal
— Input waveform: 571.4 mVp_, sine wave @ 3.579545 MHz, dc

— MC10319 clock at 14.31818 MHz (4x) asynchronous to input.
— Differential gain: p-p output @ each IRE level compared to

that at 0 IRE.

— Differential phase: Phase @ each IRE level compared to that

@ O IRE.
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FIGURE 17 — MC10319
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FIGURE 18 — ADJUSTING VRpm FOR IMPROVED LINEARITY
+50V o
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10 uF ?z 0.1

= v v
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e | ® Data
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Input
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Signal n VEE GND
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FIGURE 19 — CONVERSION SEQUENCE

Comparator Outputs Latched
(Valid data available after tckpy)

Latches Comparator Outputs,
Opens Data Output Latches

Data Outputs Latched, Releases
Comparator Latches

FIGURE 20 — ENABLE TO OUTPUT CRITICAL TIMING

EN 09V 08V

12— z1l<—
D0-D7 7/

3-State

EN 0.9V 09V

12’<— 16—
D0-D7 & valid bata 7 2>

Timing @ D7-D0 measured where waveform starts to change.
Indicated time values are typical @ 25°C, and are in ns.

FIGURE 21 — PRECISION VRT VOLTAGE SOURCE

R1 = 100 Q for +5.0 V
620 Q for +15V

+5.0to +40V
InT
25V
Reference Out

(See Table) _I_ r
N[ I |

2N2222A

|

== s
I I or” I_‘ ' 620 to
I'2.0 ko S|~ I WA~ VRT
I I = 0.1
L—— I

25 V References | MC1403U (MC1403AU

Line Regulation 0.5 mV 0.5 mV

Tc (ppm/°C) max 40 25

AVout for 0-70°C | 7.0mV | 44mv

Initial Accuracy *1% *1%

FIGURE 22 — VRT, VOLTAGE SOURCE

+5.0 to 1.25 t0 2.00 V v
140V n LM317LZ Out[__l_—"o RT

10 uF Adj. 2403 T 1.0 uF

<S
200 <:| ;i 510

1]

LM317L.Z
Line Regulation 1.0 mV
Tc (ppm/°C) max 60
AVt for 0-70°C 8.4 mV
Initial Accuracy +4%
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FIGURE 23 — VR VOLTAGE SOURCES
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Line Regulation 1.0 mV 1.0 mV
Tc (ppm/°C) max 25 48
AVgyt for 0-70°C 4.4 mV 6.7 mV
Initial Accuracy +0.2% +4%

1

VRB
1.0 uF

FIGURE 24 — COMPOSITE VIDEO WAVEFORM
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FIGURE 26 — APPLICATION CIRCUIT FOR DIGITIZING VIDEO
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Y 2) Bypass capacitors required at
10 uF power supply pins of ALL IC's.
. rF 25 0 3) Ground plane required over all
Video Input parts of circuit board.
(1 Volt p-p) 4) Care in layout around MC34080's

necessary for good frequency
response.
5) A1 = MC34002.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
6-41



MC10319

FIGURE 27 — 9-BIT A/D CONVERTER

GND
Juts o

0-25 MHz = D7
Clock CLK °
+2.0Vo vgr MC10319 .
0.1 .
_L_"— VRM °
1 DO
- VRB EN
Vin +50V
VEE Vcc(p) Vec(A)
3 10 uF = 0.1
500 Q S=—9¢ 0.1 -
9 *—] }—j A
= $—0-52V -
CIK
VEE Vcce(b) Vecia) 10 pF==0.1 ¢
\Y r_l_-l
o1 | °T b
_ru—1 VRM EN = -1 [OOR
-20V = OR —oDs
VRB
MC10319
CLK D7 = o7
[ —
. :
Vin o- Vin . — o
— [
+5.0 Vo———EN DO —oDo
GND
.L Latches
= (Optional)

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
6-42



MC10319

FIGURE 28 — 50 MHz 8-BIT A/D CONVERTER
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GLOSSARY

APERTURE DELAY — The time difference between the
sampling signal (typically a clock edge) and the actual
analog signal converted. The actual signal converted
may occur before or after the sampling signal, depend-
ing on the internal configuration of the converter.

BIPOLAR INPUT — A mode of operation whereby the
analog input (of an A-D), or output (of a DAC), includes
both negative and positive values. Examples are —1.0
to +1.0V, -5.0to +5.0V, —2.0to +8.0 V, etc.

BIPOLAR OFFSET ERROR — The difference between the
actual and ideal locations of the 00 to 01H transition,
where the ideal location is 1/2 LSB above the most neg-
ative reference voltage.

BIPOLAR ZERO ERROR — The error (usually expressed
in LSBs) of the input voltage location (of an A-D) of the
80N to 81K transition. The ideal location is 1/2 LSB above
zero volts in the case of an A-D setup for a symmetrical
bipolar input (e.g., —1.0to +1.0 V).

DIFFERENTIAL NONLINEARITY — The maximum de-
viation in the actual step size (one transition level to
another) from the ideal step size. The ideal step size is
defined as the Full Scale Range divided by 2" (n = num-
ber of bits). This error must be within =1 LSB for proper
operation.

ECL — Emitter coupled logic.

FULL SCALE RANGE (ACTUAL) — The difference be-
tween the actual minimum and maximum end points
of the analog input (of an A-D).

FULL SCALE RANGE (IDEAL) — The difference between
the actual minimum and maximum end points of the
analog input (of an A-D), plus one LSB.

GAIN ERROR — The difference between the actual and
expected gain (end point to end point), with respect to
the reference, of a data converter. The gain error is usu-
ally expressed in LSBs.

GREY CODE — Also known as reflected binary code, it
is a digital code such that each code differs from adja-
cent codes by only one bit. Since more than one bit is
never changed at each transition, race condition errors
are eliminated.

INTEGRAL NONLINEARITY — The maximum error of
an A-D, or DAC, transfer function from the ideal straight
line connecting the analog end points. This parameter
is sensitive to dynamics, and test conditions must be
specified in order to be meaningfull. This parameter is
the best overall indicator of the device’s performance.

LSB — Least Significant Bit. It is the lowest order bit of
a binary code.

LINE REGULATION — The ability of a voltage regulator
to maintain a certain output voltage as the input to the
regulator is varied. The error is typically expressed as
a percent of the nominal output voltage.

LOAD REGULATION — The ability of a voltage regulator
to maintain a certain output voltage as the load current
is varied. The error is typically expressed as a percent
of the nominal output voltage.

MONOTONICITY — The characteristic of the transfer
function whereby increasing the input code (of a DAC),
orthe input signal (of an A-D), results in the output never
decreasing.

MSB — Most Significant Bit. It is the highest order bit
of a binary code.

NATURAL BINARY CODE — A binary code defined by:
N = Ap2n + ... + A323 + Ap22 + Aq21 + Ag20

where each A" coefficient has a value of 1 or 0. Typ-
ically, all zeroes correspond to a zero input voltage of
an A-D, and all ones correspond to the most positive
input voltage.

NYQUIST THEORY — See Sampling Theorem.

OFFSET BINARY CODE — Applicable only to bipolar in-
put (or output) data converters, it is the same as Natural
Binary, except that all zeroes correspond to the most
negative input voltage (of an A-D), while all ones cor-
respond to the most positive input.

POWER SUPPLY SENSITIVITY — The change in a data
converter’'s performance with changes in the power
supply voltage(s). This parameter is usually expressed
in percent of full scale versus AV.

QUANTITIZATION ERROR — Also known as digitization
error or uncertainty. It is the inherent error involved in
digitizing an analog signal due to the finite number of
steps at the digital output versus the infinite number of
values at the analog input. This error is a minimum of
+1/2 LSB.

RESOLUTION — The smallest change which can be dis-
cerned by an A-D converter, or produced by a DAC. It
is usually expressed as the number of bits, n, where the
converter has 2N possible states.

SAMPLING THEOREM — Also known as the Nyquist
Theorem. It states that the sampling frequency of an
A-D must be no less than 2x the highest frequency (of
interest) of the analog signal to be digitized in order to
preserve the information of that analog signal.

UNIPOLAR INPUT — A mode of operation whereby the
analog input range (of an A-D), or output range (of a
DAC), includes values of a signal polarity. Examples are
Oto +20V,0to —-5.0V, +2.0to +8.0V, etc.

UNIPOLAR OFFSET ERROR — The difference between
the actual and ideal locations of the 00 to 01 tran-
sition, where the ideal location is 1/2 LSB above the
most negative input voltage.
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TECHNICAL DATA

HIGH SPEED 7-BIT ANALOG-TO-DIGITAL
FLASH CONVERTER

The MC10321 is a 7-bit high speed parallel flash A/D converter,
which employs an internal Grey Code structure to eliminate large
output errors on fast slewing input signals. It is fully TTL com-
patible, requiring a +5.0 volt supply, and a negative supply
between —3.0 and —6.0 volts. Three-state TTL outputs allow
direct connection to a data bus or common I/0O memory.

The MC10321 contains 128 parallel comparators wired along a
precision input reference network. The comparator outputs are
fed to latches, and then to an encoder network which produces
a 7-bit data byte, plus an overrange bit. The data is latched and
converted to three-state LSTTL levels. Enable inputs permit set-
ting the outputs to a three-state condition. The overrange bit is
always active to allow for sensing of the overrange condition, and
to ease the interconnection of two MC10321s into an 8-bit
configuration.

The MC10321 is available in a 20-pin standard plastic and SOIC
packages. ‘

Applications include Video displays (digital TV, picture-in-
picture, special effects), radar processing, high speed instru-
mentation, and TV broadcast.

o Internal Grey Code for Speed and Accuracy
25 MHz Sampling Rate

7-Bit Resolution with 8-Bit Accuracy

Easily Cascadable into an 8-Bit System

Three-State LSTTL Outputs with True and Complement
Enable Inputs

Low Input Capacitance: 25 pF

No Clock Kick-Out Currents on Input or Reference

Wide Input Range: 1.0-2.1 Volts within a +2.1 Volt Range
No Sample and Hold Required for Video Applications

Edge Triggered Conversion — No Pipeline Delay

True and Complement Enable Inputs for Three-State Control
Standard DIP and Surface Mount Packages Available
Operating Temperature Range: —40°to +85°C

MC10321

HIGH SPEED
7-BIT ANALOG-TO-DIGITAL
FLASH CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 738

20
1

DW SUFFIX
PLASTIC PACKAGE

20 \@'{’ CASE 751D

1 (S0O-20)

k.

PIN CONNECTIONS

(Top View)

A\
D3 |1 20| D2

D4 [2 [19] D1

B 18] Do

D6 [ [17] Gna
Vre [5] [16] Vecio)
Vin [6] [15] clock

VRT [7 4] EN
VEE I% E EN
V Over
ccia) o 2] Quer

veei) [19) [11] Gnd

ORDERING INFORMATION

Temperature
Device Range Package
MC10321P Plastic DIP
—40° to +85°C
MC10321DW S0-20
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veea) ? ?VEE

BLOCK DIAGRAM

veeip) @ P Gnd

(Analog In) Vih O I_]__ r j__]_‘
VRT O— Lf:'i’_s_J L Bias | MC10321
n-—"- '} r _______ a
1 I | | Over
| S S - Output
11 e e R
i [ ! | and —O D6
1 I R R I e : =T,
! : - 2 : -%.3 g 1 83 | Converters D5
| © } o < >' ]
1] & é > £ 5 ¢§ 1 (3-State O D4
f : S | : E s : OF Control) =__0 D3
i by L Lo O D2
[ | I L4 o1
I [i> I beged L—d | I
| I 4 N +——O Do
VRBEO—H L——_1 g Sy o |
QO Clock Enable 66 ENABLE
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Units
Supply Voltage Vec(a) Vee(p) +7.0 Vde
VEE -7.0
Positive Supply Voltage Differential Vceip)-Vec(a) -0.3, +0.3 Vdc
Digital Input Voltage (Pins 13-15) Viip) -0.5, +7.0 Vdc
Analog Input Voltage (Pins 5, 6, 7) Viia) —25, +25 Vdc
Reference Voltage Span (Pin 7-Pin 5) — +2.3 Vdc
Applied Output Voltage (D0-D6 in 3-State) —_ -03, +7.0 Vdc
Junction Temperature Ty +150 °C
Storage Temperature Tstg —65, +150 °C
Devices should not be operated at these values. The “'R ded Operating Limits" provid idell for actual
device operation.
RECOMMENDED OPERATING LIMITS
Parameter Symbol Min Typ Max Units
Power Supply Voltage (Pin 9) Veea) +45 +5.0 +55 Vdc
Power Supply Voltage (Pins 10, 16) Veep) +4.5 +5.0 +55
Vcep)-Vec(a) AVce -0.1 [} +0.1
Power Supply Voltage (Pin 8) VEE -6.0 -5.0 -3.0 Vdc
Digital Input Voltages (Pins 13-15) — 0 — Vce(p) Vdc
Analog Input (Pin 6) Vin -2.1 — +2.1 Vdc
Voltage @ VRT (Pin 7) VRT -1.0 — +2.1 Vdc
@ VRg (Pin 5) VRB -2.1 — +1.0
VRT-VRB AVR +1.0 - +2.1
VRB-VEE — 13 — —
Applied Output Voltage (Pins D0-D6 in 3-State) Vo 0 - Vce(p) Vdc
Clock Pulse Width — High tCKH 5.0 — — ns
— Low tCKL 15 — —
Clock Frequency fcLk 0 - 25 MHz
Operating Ambient Temperature TA -40 — +85 °C

All limits are not necessarily functional concurrently.
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ELECTRICAL CHARACTERISTICS (Tp = +25°C, Vg = 5.0V, VEg = -5.2V,VRT = +1.0V,VRg = -1.0V,
except where noted)

Characteristic Symbol Min | Typ | Max | Units |
TRANSFER CHARACTERISTICS (fck| = 25 MHz)
Resolution N - | = 1 0 Bits
Monotonicity MON Guaranteed Bits
Integral Nonlinearity INL — +1/4 +1.0 LSB
Differential Nonlinearity DNL — — +*1.0
Differential Phase (See Figure 11) DP — 2.0 — Deg.
Differential Gain (See Figure 11) DG — 2.0 — %
Power Supply Rejection Ratio PSRR LSBV
45V <Vec <55V, VEg = -5.2V) — 0.02 —
(-60V<VEE< -3.0V,Vcc = +50V) — 0 —
ANALOG INPUT (Pin 6)
Input Current @ Vi = VRg — 0.1 V (See Figure 4) IINL - +1.0 +5.0 nA
@ Vin = VRT + 0.1V (See Figure 4) IINH — +60 +150
Input Capacitance (1.0 V < (VRT — VRB) < 2.0 V) Cin —_ 22 — pF
Bipolar Offset Error Vos - 0.1 — LSB
REFERENCE
Ladder Resistance (VRT to VRB, TA = 25°C) Rref 100 140 175 Q
Temperature Coefficient Tc - +0.29 —_ %l/°C
Ladder Capacitance (Pin 1 Open) Cref — 5.0 — pF
ENABLE INPUTS (Vcc = 5.5V)
Input Voltage — High VIHE 2.0 — — \
— Low VILE - -
Input Current @ 2.4 Volts (See Figure 5) IIHE — +0.2 2.0 pA
@ 0.4 Volts (See Figure 5) liLE ~-200 —120 —
Input Clamp Voltage (g = —18 mA) VIKE -1.5 -13 — \2
CLOCK INPUT (Vcc = 5.5 V)
Input Voltage — High VIHC 2.0 _ — Vdc
— Low ViLe — — 0.8
Input Current @ 0.4 V (See Figure 6) liLc —150 -80 — HA
@ 2.7 V (See Figure 6) IHC —80 —-40 —
Input Clamp Voltage (g = —18 mA) VIKC -15 -13 — Vdc
DIGITAL OUTPUTS
High Output Voltage (ioH = —400 wA @ D6-DO, OR, VOH 24 3.0 — Vv
Vee = 4.5V, See Figure 7)
Low Output Voltage (IgL = 4.0 mA @ D6-DO, OR, VoL — 0.3 0.4 \
Vee = 4.5V, See Figure 8)
Output Short Circuit Current* (D6-D0, OR, Vcc = 5.5 V) Isc — -35 — mA
Output Leakage Current (0.4 < Vo <24V, ILK -10 — +10 HA
See Figure 3, Vcc = 5.5V, D0-D6 in 3-State Mode)
Output Capacitance (D0-D6 in 3-State Mode) Cout — 5.0 — pF
*Only one output to be shorted at a time, not to exceed 1 second.
POWER SUPPLIES
V() Current (4.5 V < Veg(a) < 5.5 V, Outputs Unloaded) Icc(a) 10 13 16 mA
Vce(p) Current (4.5 V < V(D) < 5.5 V, Outputs Unloaded) lcc(p) 40 60 80
VEE Current (-6.0 V < VEg < -3.0V) IEE ~16 -13 -8.0
Power Dissipation (VRT — VRB = 2.0 V, Outputs Unloaded) Pp — 459 668 mwW
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TIMING CHARACTERISTICS (Tp = 25°C, Vcc = +5.0V, VEg = -5.2V,VRT = +1.0V,Vgg = -1.0V,
See System Timing Diagram)

[ Parameter Symbol Min Typ Max | Units J
INPUTS
Min Clock Pulse Width — High tCKH - 5.0 — ns
— Low tCKL - 15 —_
Max Clock Rise, Fall Time R,F — 100 — ns
Clock Frequency foLk 0 30 25 MHz
OUTPUTS
New Data Valid from Clock Low tCKDV — 22 — ns
Aperture Delay tAD - 3.0 — ns
Hold Time tH — 6.0 — ns
Data High to 3-State from Enable Low* tEHZ - 22 — ns
Data Low to 3-State from Enable Low* tELZ — 17 — ns
Data High to 3-State from ENABLE High* tE'HZ - 27 —_ ns
Data Low to 3-State from ENABLE High* g2 - 19 — ns
Valid Data from Enable High (Pin 14 = 0 V)* tEDV — 13 — ns
Valid Data from ENABLE Low (Pin 13 = 5.0 V)* tE'DV — 20 — ns
Output Transition Time (10%—90%)* tir —_ 6.0 —_ ns
*See Figure 2 for output loading.
TEMPERATURE CHARACTERISTICS
Typical Value Typical Change
Parameter @ 25°C —40 to +85°C
Icc (+5.0 V Supply Current) 73 mA —100 pAr°C
Igg (—5.2 V Supply Current) -13 mA +7.0 pArC
Ladder Resistance 140 Q +0.29%/°C
VoL (Output Low Voltage @ 4.0 mA) 03V +8.0 uV/r°C
VOoH (Output High Voitage @ —400 pA) 3.0V 2.1 mV/rC
Differential Nonlinearity _ —0.0008 LSB/I°C
Integral Nonlinearity 0.25 LSB —-0.001 LSBrC
PIN DESCRIPTIONS PIN DESCRIPTIONS
Symbol | Pin | Description Symbol | Pin | Description
GND 11,17 | Power supply ground. The two pins should Veea) |9 Power supply for the analog section.
be connected directly together, and +56.0 V, =10% required.
through a low impedance path to the CLK |15 [Clock input, TTL compatible, and can
power supply. range from dc to 25 MHz. Conversion
OR 12 Overrange output. Indicates Vi, is more occurs on the negative edge of the clock.
positive than VRT-1/2 LSB. This output EN 13 | Enable input. TTL compatible, a Logic “1"
does.not have 3-st.ate capability, and there- (and Pin 14 a Logic “0”) enables the data
fore is always active. outputs. A Logic 0" sets the outputs
D6-DO0 | 1-4, | Digital Outputs. D6 (Pin 4) is the MSB, DO (except Overrange) to a 3-state mode.
18-20/| (Pin 18) is t'he'L‘SB. LSTTL compatible with EN 14 ENABLE input. TTL compatible, a Logic
3-state capability. “0" (and Pin 13 a Logic “1") enables the
Vce(p) | 10,16 | Power supply for the digital section. data outputs. A Logic “1” sets the outputs
+5.0 V, =10% required. (except Overrange) to a 3-state mode.
VEE 8 Negative Power supply. Nominally ~5.2V, VRB 5 The bottom (most negative point) of the
itcan range from —3.0to —6.0V, and must internal reference resistor ladder. The lad-
be more negative than VRg by >1.3 V. der resistance is typically 140 Q to VRT.
Vin 6 Signal voltage input. This voltage is com- VRT 7 The top (most positive point) of the inter-
pared to the reference to generate a digital nal reference resistor ladder.
equivalent. Input impedance is nominally Pin assignments are the same for the standard DIP package and the
16-33 k(2 (See Figure 4) in parallel with 22 surface mount package.
pF.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

6-48



MC10321

FIGURE 1 — SYSTEM TIMING DIAGRAM
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FIGURE 3 — OUTPUT 3-STATE LEAKAGE CURRENT FIGURE 4 — INPUT CURRENT @ Vip,
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FIGURE 9 — INTEGRAL LINEARITY ERROR IN LSBs

FIGURE 10 — DIFFERENTIAL LINEARITY ERROR
IN LSBs versus LOWER CODE
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INTRODUCTION

The MC10321 is a high speed, 7-bit parallel (“Flash”)
type Analog-to-Digital converter containing 128 com-
parators at the front end. See Figure 12 for a block dia-
gram. The comparators are arranged such that one
input of each is referenced to evenly spaced voltages,
derived from the reference resistor ladder. The other
input of each of the comparators is connected to the
input signal (Vjp). Some of the comparator’s differential
outputs will be ““true,” while other comparators will
have “not true” outputs, depending on their relative
position. Their outputs are then latched, and converted
to a 7-bit Grey code by the Differential Latch Array. The
Grey code ensures that errors caused at the input stage,
due to cross talk, feed-thru, or timing disparaties, result
in glitches at the output of only a few LSBs, rather than
the more traditional 1/2 scale and 1/4 scale glitches.

The Grey code is then translated to a 7-bit binary code,
and the differential levels are translated to TTL levels
before being applied to the output latches. ENABLE
inputs (EN and EN) at this final stage permit the TTL
outputs (except Overrange) to be put into a high imped-
ance (3-state) condition.

ANALOG SECTION

SIGNAL INPUT

The signal voltage to be digitized (Vi) is applied
simultaneously to one input of each of the 128 com-
parators through Pin 6. The other inputs of the com-
parators are connected to 128 evenly spaced voltages
derived from the reference ladder. The output code
depends on the relative position of the input signal to
the reference voltages. The comparators have a
bandwidth of >50 MHz, which is more than sufficient
for the allowable (Nyquist theory) input frequency of
12.5 MHz.

The current into Pin 6 varies linearly from 0 (when
Vin = VRB) to =60 pA (when Vjp = VRT). If Vjp is taken
below VRB or above VRT, the input current will remain
at the value corresponding to VRg and VRT respectively

(see Figure 4). However, Vjn must be maintained within
the absolute range of *+2.5 volts (with respect to
ground) — otherwise excessive currents will result at
Pin 6.

The input capacitance at Pin 6 is typically 22 pF, and
is constant as Vjp varies from VRT to VRB.

The source impedance of the signal voitage should
be maintained below 100 Q (at the frequencies of inter-
est) in order to avoid sampling errors.

REFERENCE

The reference resistor ladder is composed of a
string of equal value resistors so as to provide 128
equally spaced voltages for the comparators (see Fig-
ure 12 for the actual configuration). The voitage dif-
ference between adjacent comparators corresponds
to 1 LSB of the input range. The first comparator (clos-
est to VRB) is referenced 1/2 LSB above VRp, and the
128th comparator (for the overrange) is referenced 1/
2 LSB below VRT. The total resistance of the ladder is
nominally 140 Q, *25%, requiring 14.3 mA @ 2.0 volts
and 7.14 mA @ 1.0 volt. There is a nominal warm up
change of = +8.0% in the ladder resistance due to the
+0.29%/°C temperature coefficient.

The minimum recommended span [VRT - VRgl is 1.0
volt. A lower span will allow offsets and nonlinearities
to become significant. The maximum recommended
span is 2.1 volts due to power limitations of the resistor
ladder. The span may be anywhere within the range of
—2.1 to +2.1 volts with respect to ground, and VRpB
must be at least 1.3 volts more positive than VEg. The
reference voltages must be stable and free of noise and
spikes, since the accuracy of a conversion is directly
related to the quality of the reference.

In most applications, the reference voltages will
remain fixed. In applications involving a varying refer-
ence for modulation or signal scrambling, the modu-
lating signal may be applied to VRT, or VRB. or both.
The output will vary inversely with the reference signal,
introducing a nonlinearity into the transfer function. The
addition of the modulating signal and the dc level
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applied to the reference must be such that the absolute
voltage at VRT and VRB are maintained within the val-
ues listed in the Recommended Operating Limits. The
RMS value of the span must be maintained <2.1 volts.

POWER SUPPLIES

Vce(a) (Pin 9) is the positive power supply for the
comparators, and Vcc(p) (Pins 10, 16) is the positive
power supply for the digital portion. Both are to be +5.0
volts, =10%, and the two are to be within 100 millivolts
of each other. There is indirect internal coupling
between Vcc(p) and Vec(a). If they are powered sep-
arately, and one supply fails, there will be current flow
through the MC10321 to the failed supply.

Icc(a) is nominally 13 mA, and does not vary with
clock frequency or with Vi, but does vary slightly with
Vece(A)- Icc(p) is nominally 60 mA, and is independent
of clock frequency. It does vary, however, by 4-5 mA
as Vjp is varied from VRT to VRB, and varies directly
with Vce(D)-

VEE is the negative power supply for the comparators,
and is to be within the range —3.0 to —6.0 volts. Addi-
tionally, VEg must be at least 1.3 volts more negative
than VRg. Igg is a nominal — 13 mA, and is independent
of clock frequency, Vi, and VEE.

For proper operation, the supplies must be bypassed
at the IC. A 10 uF tantalum, in parallel with a 0.1 uF
ceramic is recommended for each supply to ground.

DIGITAL SECTION

CLOCK

The Clock input (Pin 15) is TTL compatible with a
typical frequency range of 0 to 30 MHz. There is no duty
cycle limitation, but the minimum low and high times
must be adhered to. See Figure 6 for the input current
requirements.

The conversion sequence is shown in Figure 13, and
is as follows:

— On the rising edge, the data output latches are
latched with old data, and the comparator output
latches are released to follow the input signal (Vjp).

— During the high time, the comparators track the
input signal. The data output latches retain the old data.

— On the falling edge, the comparator outputs are
latched with the data immediately prior to this edge.
The conversion to digital occurs within the device, and
the data output latches are released to indicate the new
data in =22 ns.

— During the clock low time, the comparator outputs
remain latched, and the data output latches remain
transparent.

A summary of the sequence is that data present at
Vin just prior to the Clock falling edge is digitized and
available at the data outputs immediately after that
same falling edge. The minimum amount of time the
data must be present prior to the clock falling edge
(aperture delay) is 2.0-6.0 ns, typically 3.0 ns.

The comparator output latches provide the circuit
with an effective sample-and-hold function, eliminating
the need for an external sample-and-hold.

ENABLE INPUTS

The two Enable inputs (Pins 13, 14) are TTL compat-
ible, and are used to change the data outputs (D6-D0}
from active to 3-state. This capability allows cascading
two MC10321s into an 8-bit configuration, connecting
the outputs directly to a data bus, multiplexing multiple
converters, etc. See the Applications Information sec-
tion for more details. For the outputs to be active, Pin
13 must be Logic ““1,” and Pin 14 must be a Logic “0.”
Changing either input will put the outputs into the high
impedance mode. The Enable inputs affect only the
state of the outputs — they do not inhibit a conversion.
Both pins have a nominal threshold of =1.2 volts, their
input currents are shown in Figure 5, and their input-
output timing is shown in Figure 1 and 14. Leaving
either pin open is equivalent to a Logic ““1,” although
good design practice dictates that an input should never
be left open.

The Overrange output (Pin 12) is not affected by the
Enable inputs as it does not have 3-state capability.

OUTPUTS

The data outputs (Pins 1-4, 12, 18-20) are TTL level
outputs with high impedance capability (except Over-
range). Pin 4 is the MSB (D6), and Pin 18 is the LSB (D0).
The seven outputs are active as long as the Enable
inputs are true (EN = high, EN = low). The timing of
the outputs relative to the Clock input and the Enable
inputs is shown in Figures 1 and 14. Figures 7 and 8
indicate the output voltage versus load current, while
Figure 3 indicates the leakage current when in the high
impedance mode.

The output code is natural binary, depicted in Table 1.

The Overrange output (Pin 12) goes high when the
input, Vjp, is more positive than VRT — 1/2 LSB. This
output is always active — it does not have high imped-
ance capability. Besides used to indicate an input
overrange, it is additionally used for cascading two
MC10321s to form an 8-bit A/D converter (see Figure
21).

TABLE 1
VRT. VRB (Volts) Output
Input 2.048, 0 +10V, -10V +10V,0V Code Overrange
>VRT — 1/2LSB >2.040 V >0.9922 V >0.9961 V 7FH 1
VRT — 1/2LSB 2.040 V 0.9922 V 0.9961 V 7FH 0e1
VRT — 1LSB 2,032V 0.9844 V 0.9922 V 7FH 0
VRT — 11/2LSB 2.024 V 0.9766 V 0.9883 V 7EH « 7FH 0
Midpoint 1.024 V 0.000 V 0.5000 V 404 1]
VRB + 1/2LSB 8.0 mv —-0.9922 V 3.9 mVv 00 < 01H 0
< VRB + 1/2LSB <8.0 mV <-0.9922 V <39 mV 00H 0
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APPLICATIONS INFORMATION

POWER SUPPLIES, GROUNDING

The PC board layout, and the quality of the power
supplies and the ground system at the IC are very
important in order to obtain proper operation. Noise,
from any source, coming into the device on Vcc, VEE,
or ground can cause an incorrect output code due to
interaction with the analog portion of the circuit. At the
same time, noise generated within the MC10321 can
cause incorrect operation if that noise does not have a
clear path to ac ground.

Both the Vcc and VEE power supplies must be decou-
pled to ground at the IC (within 1” max) with a 10 uF
tantalum and a 0.1 uF ceramic. Tantalum capacitors are
recommended since electrolytic capacitors simply have
too much inductance at the frequencies of interest. The
quality of the Vcc and VEg supplies should then be
checked at the IC with a high frequency scope. Noise
spikes (always present when digital circuits are present)
can easily exceed 400 mV peak, and if they get into the
analog portion of the IC, the operation can be disrupted.
Noise can be reduced by inserting resistors and/or
inductors between the supplies and the IC.

If switching power supplies are used, there will usu-
ally be spikes of 0.5 volts or greater at frequencies of
50-200 kHz. These spikes are generally more difficult to
reduce because of their greater energy content. In
extreme cases, 3-terminal regulators (MC78LOSACP,
MC7905.2CT), with appropriate high frequency filtering,
should be used and dedicated to the MC10321.

The ripple content of the supplies should not allow
their magnitude to exceed the values in the Recom-
mended Operating Limits.

The PC board tracks supplying Vcc and VEE to the
MC10321 should preferably not be at the tail end of the
bus distribution, after passing through a maze of digital
circuitry. The MC10321 should be close to the power
supply, or the connector where the supply voltages
enter the board. If the Vcc and VgE lines are supplying
considerable current to other parts of the boards, then
it is preferable to have dedicated lines from the supply
or connector directly to the MC10321.

The two ground pins (11, 17) must be connected
directly together. Any long path between them can
cause stability problems due to the inductance (@ 25
MHz) of the PC tracks. The ground return for the signal
source must be noise free.

REFERENCE VOLTAGE CIRCUITS

Since the accuracy of the conversion is directly related
to the quality of the references, it is imperative that
accurate and stable voltages be provided to VRT and
VRB-: If the reference span is 2.0 volts, then 1/2 LSB is
only 7.8 millivolts, and it is desireable that VRT and VRg

be accurate to within this amount, and furthermore, that -

they do not drift more than this amount once set. Over

the temperature range of —40 to +85°C, a maximum
temperature coefficient of 31 ppm/°C is required.

The voltage supplies used for digital circuits should
preferably not be used as a source for generating VRT
and VR, due to the noise spikes (up to 500 mV) present
on the supplies and on their ground lines. Generally
+15volts, or =12 volts, are available for analog circuits,
and are usually clean compared to supplies used for
digital circuits, although ripple may be present in vary-
ing amounts. Ripple is easier to filter out than spikes,
however, and so these supplies are preferred.

Figure 15 depicts a circuit which can provide an
extremely stable voltage to VRT at the current required
(the maximum reference current is 20 mA @ 2.0 volts).
The MC1403 series of references have very low tem-
perature coefficients, good noise rejection, and a high
initial accuracy, allowing the circuit to be built without
an adjustment pot if the VRT voltage is to remain fixed
at one value. Using 0.1% wirewound resistors for the
divider provides sufficient accuracy and stability in
many cases. Alternately, resistor networks provide high
ratio accuracies, and close temperature tracking. If the
application requires VRT to be changed periodically, the
two resistors can be replaced with a 20 turn, cermet
potentiometer. Wirewound potentiometers should not
be used for this type of application since the pot's slider
jumps from winding to winding, and an exact setting
can be difficult to obtain. Cermet pots allow for a
smooth continuous adjustment.

In Figure 15, R1 reduces the power dissipation in the
transistor, and can be carbon composition. The 0.1 uF
capacitor in the feedback path provides stability in the
unity gain configuration. Recommended op amps are:
LM358, MC34001 series, LM308A, LM324, and LM11C.
Offset drift is the key parameter to consider in choosing
an op amp, and the LM308A has the lowest drift of those
mentioned. Bypass capacitors are not shown in Figure
15, but should always be provided at the input to the
2.5 volt reference, and at the power supply pins of the
op amp.

Figure 16 shows a simpler and more economical cir-
cuit, using the LM317LZ regulator, but with lower initial
accuracy and temperature stability. The op amp/current
booster is not needed since the LM317LZ can supply
the current directly. In a well controlled envircnment,
this circuit will suffice for many applications. Because
of the lower initial accuracy, an adjustment pot is a
necessity.

Figure 17 shows two circuits for providing the voltage
to VRB. The circuits are similar to those of Figures 15
and 16, and have similar accuracy and stability. The
MC1403 reference is used in conjunction with an op amp
configured as an inverter, providing the negative volt-
age. The output transistor is a PNP in this case since
the circuit must sink the reference current.
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VIDEO APPLICATIONS

The MC10321 is suitable for digitizing video signals
directly without signal conditioning, although the stan-
dard 1.0 volt p-p video signal can be amplified to a 2.0
volt p-p signal for slightly better accuracy. Figure 18
shows the input (top trace) and reconstructed output of
a standard NTSC test signal, sampled at 25 MSPS, con-
sisting of a sync pulse, 3.58 MHz color burst, a 3.58 MHz
signal in a Sin2x envelope, a pulse, a white level signal,
and a black level signal. Figure 19 shows a Sin2x pulse
that has been digitized and reconstructed at 25 MSPS.
The width of the pulse is =225 ns at the base. Figure
20 shows an application circuit for digitizing video.

8-BIT A/D CONVERTER

Figure 21 shows how two MC10321s can be con-
nected to form an 8-bit converter. In this configuration,
the outputs (D6-DO0} of the two 7-bit converters are par-
alleled. The outputs of one device are active, while the
outputs of other are in the 3-state mode. The selection
is made by the OVERRANGE output of the lower
MC10321, which controls Enable inputs on the two
devices. Additionally, this output provides the 8th bit.

The reference ladders are connected in series, pro-
viding the 256 steps required for 8 bits. The input volt-
age range is determined by VRT of the upper MC10321,
and VRp of the lower device. A minimum of 1.0 volt is
required across each converter. The 500 Q pot (20 turn
cermet) allows for adjustment of the midpoint since the
reference resistors of the two MC10321s may not be
identical in value. Without the adjustment, a nonequal

voltage division could occur, resulting in a nonlinear
conversion. If the references are to be symmetrical
about ground (e.g., = 1.0 volt or +2.0 volts), the adjust-
ment can be eliminated, and the midpoint connected to
ground.

The use of latches on the outputs is optional, depend-
ing on the application. If latches are required,
SN74LS173As are recommended.

50 MHz, 7 BIT A/D CONVERTER

Figure 22 shows how two MC10321s can be con-
nected together in a flip-flop arrangement in order to
have an effective conversion speed of 50 MHz. The
74F74D-type flip-flop provides a 25 MHz clock to each
converter, and at the same time, controls the SELECT
input to the MC74F257 multiplexers to alternately select
the outputs of the two converters. A brief timing dia-
gram is shown in the figure.

NEGATIVE VOLTAGE REGULATOR )

In the cases where a negative power supply is not
available — neither the —3.0to —6.0 volts, nor a higher
negative voltage from which to derive it — the circuit
of Figure 23 can be used to generate —5.0 volts from
the +5.0 volts supply. The PC board space required is
small (~2.0 in2), and it can be located physically close
to the MC10321. The MC34063 is a switching regulator,
and in Figure 23 is configured in an inverting mode of
operation. The regulator operating specifications are
given in the figure.

GLOSSARY

APERTURE DELAY — The time difference between the
sampling signal (typically a clock edge) and the actual
analog signal converted. The actual signal converted
may occur before or after the sampling signal, depend-
ing on the internal configuration of the converter.

BIPOLAR INPUT — A mode of operation whereby the
analog input (of an A-D), or output (of a DAC), includes
both negative and positive values. Examples are —1.0
to +1.0V, —5.0to +5.0V, —2.0to +8.0V, etc.

BIPOLAR OFFSET ERROR — The difference between the
actual and ideal locations of the 00y to 01y transition,
where the ideal location is 1/2 LSB above the most neg-
ative reference voltage.

BIPOLAR ZERO ERROR — The error (usually expressed
in LSBs) of the input voitage location (of a 7-bit A/D) of
the 40H to 41} transition. The ideal location is 1/2 LSB
above zero volts in the case of an A/D set up for a
symmetrical bipolar input (e.g., =1.0to +1.0 V).

DIFFERENTIAL NONLINEARITY — The maximum devia-
tion in the actual step size (one transition level to

another) from the ideal step size. The ideal step size is
defined as the Full Scale Range divided by 2N (n =
number of bits). This error must be within =1 LSB for
proper operation.

FULL SCALE RANGE (ACTUAL) — The difference
between the actual minimum and maximum end points
of the analog input (of an A-D).

FULL SCALE RANGE (IDEAL) — The difference between
the actual minimum and maximum end points of the
analog input (of an A-D), plus one LSB.

GAIN ERROR — The difference between the actual and
expected gain (end point to end point), with respect to
the reference of a data converter. The gain error is usu-
ally expressed in LSBs.

GREY CODE — Also known as reflected binary code, it
is a digital code such that each code differs from adja-
cent codes by only one bit. Since more than one bit is
never changed at each transition, race condition errors
are eliminated.
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INTEGRAL NONLINEARITY — The maximum error of
an A/D, or DAC, transfer function from the ideal straight
line connecting the analog end points. This parameter
is sensitive to dynamics, and test conditions must be
specified in order to be meaningfull. This parameter is
the best overall indicator of the device's performance.

LSB — Least Significant Bit. It is the lowest order bit of
a binary code.

LINE REGULATION — The ability of a voltage regulator
to maintain a certain output voltage as the input to the
regulator is varied. The error is typically expressed as
a percent of the nominal output voltage.

LOAD REGULATION — The ability of a voltage regulator
to maintain a certain output voltage as the load current
is varied. The error is typically expressed as a percent
of the nominal output voltage.

MONOTONICITY — The characteristic of the transfer
function whereby increasing the input code (of a DAC),
or the input signal (of an A/D), results in the output never
decreasing.

MSB — Most Significant Bit. It is the highest order bit
of a binary code.

NATURAL BINARY CODE — A binary code defined by:
N = Ap2n + ... + A323 + A222 + Aq21 + Ag20

where each “A” coefficient has a value of 1 or 0. Typ-
ically, all zeroes corresponds to a zero input voltage of
an A/D, and all ones corresponds to the most positive
input voltage.

NYQUIST THEORY — See Sampling Theorem.

OFFSET BINARY CODE — Applicable only to bipolar
input (or output) data converters, it is the same as Nat-
ural Binary, except that all zeroes corresponds to the
most negative input voltage (of an A/D), while all ones
corresponds to the most positive input.

POWER SUPPLY SENSITIVITY — The change in a data
converters performance with changes in the power sup-
ply voltage(s). This parameter is usually expressed in
percent of full scale versus AV.

QUANTITIZATION ERROR — Also known as digitization
error or uncertainty. It is the inherent error involved in
digitizing an analog signal due to the finite number of
steps at the digital output versus the infinite number of
values at the analog input. This error is a minimum of
+1/2 LSB.

RESOLUTION — The smallest change which can be dis-
cerned by an A/D converter, or produced by a DAC. It
is usually expressed as the number of bits, n, where the
converter has 2N possible states.

SAMPLING THEOREM — Also known as the Nyquist
Theorem. It states that the sampling frequency of an
A/D must be no less than 2x the highest frequency (of
interest) of the analog signal to be digitized in order to
preserve the information of that analog signal.

UNIPOLAR INPUT — A mode of operation whereby the
analog input range (of an A/D), or output range (of a
DAC), includes values of a single polarity. Examples are
Oto +2.0V,0to —5.0V, +2.0to +8.0 V, etc.

UNIPOLAR OFFSET ERROR — The difference between
the actual and ideal locations of the 00y to 01y tran-
sition, where the ideal location is 1/2 LSB above the
most negative input voltage.

FIGURE 11 — DIFFERENTIAL PHASE AND GAIN TEST

1.024

tho.p
— Input waveform: 571.4 mV
Analyzer

p-p sine wave @ 3.579545

Video HDS-1250
Signal —»| MC10321| 7/ 53(7‘:‘ 7 |12BitD/A
(See Below) but 7 atc 7 D.4
[J
Clock 1 l £ DO

120—

571.4 mV (40 IRE)

285.7 mV

MHz, dc levels as shown.
— MC10321 clock at 14.31818
MHz (4x) asynchronous to
input.
— Differential gain: p-p output
@ each IRE level
compared to that at 0 IRE.

—r VRT

———-20IRE

oV
20 — Differential phase: Phase @
1429V each IRE level compared
(100 IRE) to that @ O IRE.
VRB

VIDEO INPUT SIGNAL
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FIGURE 13 — CONVERSION SEQUENCE

Clock /

/

/

N/

[

Comparator Outputs Latched
(Valid Data Available After tckpy)

Latches Comparator Outputs,
Opens Data Output Latches

Data Outputs Latched, Releases Comparator Latches

FIGURE 14 — ENABLE TO OUTPUT CRITICAL TIMING

FIGURE 15 — PRECISION Vg1 VOLTAGE SOURCE

+5.0to +40V
R1 = 91 Q for +5.0V
EN 15V 15V 560 Q) for +15V
In"
25V
Reference R1g
3-State (See Table)
Gnd
-JT- - 2N2222A
r==3 620 =
! T
| H AA~ (]
20k $- 1 VRT
[ | lfo 1
| ! :
Lofod
2.5 V References | MC1403U | MC1403AU
Line Regulation 0.5 mV 0.5 mV
Timing @ D6-D0 measured where waveform starts TC (ppm/°C) max 40 25
to change. Indicated time values are typical AVt for 0-70°C 7.0mV 4.4 mV
@ 25°C, and are in ns. out : :
Initial Accuracy +1.0% *1.0%
FIGURE 16 — VRT VOLTAGE SOURCE
1.25t0 2.0V T
+5.0t0 +40V LM317LZ >\ o
2103 1 RT LM317L.Z
10 pF 3 1.0 uF - -
I I Line Regulation 1.0 mV
= = TC (ppm/°C) max| 60
AVgyt for 0-70°C| 8.4 mV
200 ::—l 3510 ~out .
1 Initial Accuracy +4.0%
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FIGURE 17 — VR VOLTAGE SOURCES

+5.0t0 +40V '
l"T ! —-5.0 to VTO
Out 04 —-40V —-1.25t0 -2.0V RB
o 11 | LM337MT ’
MC1403 A il o | O—I" I
Im :&1,1 k VWA VRB l Im uF 120 i: I1-0 uF
Gnd_L = T m 1.0k *~——> | == =
- 20k 2N2907A 4 | \
100 S 3270
I b3 3
R1 =91 Qfor -50V I —
560 Q for —15V | =
—-5.0to -15V |

Reference MC1403U | MC1403AU | LM337MT

Line Regulation 0.5 mV 0.5 mv 1.0 mv

TC (ppm/°C) max 40 25 48

AVgyt for 0-70°C | 7.0 mV 4.4 mV 6.7 mV

Initial Accuracy +1.0% +1.0% +4.0%

FIGURE 18
Input
Output
FIGURE 19
Input
Output
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FIGURE 20 — APPLICATION CIRCUIT FOR DIGITIZING VIDEO

1.0 uF
Video Input
(1.0 Volt p-p)

MC34080

Offset

lo.m
l 3.0 pF
510 @
1.0 kQ 2.0 kQ
[t e
25 Q MC34080
(Note 4) $ 500

+50V
O—
P
0.1
+eov WpF T 9 10,16
Clock i o
100 =01 50 L = 13 Veeia)  Veelo)
E T = = +50VO—— EN
= 150 @ “
'ln 15k 5N8 I
2 WA + =
X 8] A1 2N2222A =
MC1403AU IO"1 os [L 5ok 12
3 = " 620 Q mc1o321  OR——O
= M +1.0V  — 7 06 F—0
T-'l'.z--" . | VRT ° e { Output
Yo ref : : Data
D°0 18 °
0.1 "
A -1.0V 5
75k 3.0k VRB
.
AL 2N2907A Vin
I VEE Gnd
150 Q@ 8 10uF 1,17
o !
-52V —t

NOTES: 1) Bypass capacitors required at

power supply pins of ALL IC's.

2) Ground plane required over all
parts of circuit board.

3) A1 = MC34002.

4) These resistors can be changed
to match signal source impedance.
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FIGURE 21 — 8-BIT A/D CONVERTER
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FIGURE 22 — 50 MHz 7 BIT A/D CONVERTER
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=
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FIGURE 23 — —5.0 VOLT REGULATOR

Vin ¢
(+45t0 +55V) =L 100

I uF 1; 220

5 7 8 1
2 540 pH

MC34063 .

5 3 4
L =

N 470 pF | 1Ns819

VWA W Vout
| 30kn - 1.0ka -—MM,—LTO ~5.0 V/20 mA
= 470 pF Y

1.0 uH I470 nF

LAY

— —
Line Regulation 45V <Vjp <55V, lgyt = 10 mA 0.16%
Load Regulation |Vjy = 5.0V, 8.0 mA < lgyt < 20 mA 0.4%
Output Ripple Vin = 5.0V, loyt = 20 mA 2.0 mV p-p
Short Circuit Iyt |Vin = 5.0V, R = 0.1 Q 140 mA
Efficiency Vin = 5.0V, loyt = 50 mA 52%
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MOTOROLA

SEMICONDUCTOR msas——
TECHNICAL DATA MC10322

Advance Information
8-Bit Video DAC with TTL Inputs

The MC10322 is a 40 MegaSample Per Second (MSPS) 8-bit 8-BIT VIDEO DAC
Video DAC capable of directly driving a 75 Q cable, with appropriate f
terminations, to EIA-170 and EIA-343-A video levels. The logic inputs with TTL INPUTS
(data and controls) are TTL compatible. Input registers negate the need SILICON MONOLITHIC
for external latches unless the transparent mode is selected. INTEGRATED CIRCUIT

Video controls (Force High, Blank, Bright, and Sync) permit an easy
interface to standard video systems. The Clock (Convert) inputs can be
differential or single-ended. Complementary outputs are provided for
custom displays or special effects.

The MC10322 is fabricated with Motorola’s MOSAIC™ process
which provides high speed with low power consumption. The MC10322
is available in a 24 pin plastic DIP package.

40 MSPS Minimum Conversion Rate
TTL Compatible Inputs

8-Bit Linearity 24
Latched Data and Video Control Inputs, or Transparent Mode
Video Controls: Force High, Blank, Bright, Sync

Each Differential Current Outputs Can Swing 2.0 V PLAS?’I%UF"::(I:)&AGE
Modulation Capability (Multiplying Mode) CASE 649
PSRR > 60 dB

Operates from + 5.0 and — 5.2 V Power Supplies
Power Dissipation: Typically 344 mW

Available in 24 Pin Plastic DIP Package

® Available with ECL Inputs (MC10324)

N

1

PIN CONNECTIONS

Simplified Block Diagram 03 [1] ~ [24] D4

o2 [2] 23] s

o1 [3] | 22] s

[\ _= Do [4] [21] o7

boo7 E::‘Z L> out- pend [ 5 | [20] vee
FH ——>{ Control :>t Latchesﬂ DAC

Out +
BLK —> Logic . Voo oo [ 6 19] Oute
BRT ——>] T —
Sync ~{— DGnd oo [ 7] 18] ou-
Conv - AGnd FT |_T_‘ E AGnd
Cn;: o of <l VEE vee E E Gomp

|
: i [10] [15] Ref+
.\1— { Blank [ 11 | 4] Ref-
. I BRT [ 12 E Syne

(Top View)

Ref +
Ref -

Comp
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PIN FUNCTION DESCRIPTION

Symbol Pin Description
D0-D7 1-4, Data inputs. DO is the LSB and D7 is the MSB. Inputs are TTL compatible. Maximum update
21-24 rate is typically 60 MHz. The eight bits control the Gray Scale amplitude only, and do not
involve the Sync or Blank levels.
DGnd 5 Connect to system digital ground. This pin must be within 100 mV of AGnd (Pin 17).
Conv 6 Convert input. The rising edge latches data and controls if FT = 0. May be used single-ended
(with Pin 7 at a fixed voltage), or differentially with Pin 7.
Conv 7 Convert input. The falling edge latches data and controls if FT = 0. May be used
single-ended (with Pin 6 at a fixed voltage), or differentially with Pin 6.
FT 8 Feedthrough. When high, the internal latches are transparent, and Pins 6 and 7 are unused.
When low, data and controls are latched by Pins 6 and 7.
Vce 9 Connect to + 5.0 V, £ 10%. This pin powers the digital portion of the IC.
FH 10 Force High. A logic high internally sets data inputs = 1, overriding external data inputs.
Blank 11 A logic high overrides data inputs, sets the outputs to the video blanking level.
BRT 12 Bright. A logic high increases the Gray Scale output level by = 11%, providing an enhanced
display. Does not affect Sync or Blank.
Sync 13 A logic high overrides all other inputs, and sets the output to video sync level.
Ref — 14 Inverting Reference input. A high impedance input, normally set to a negative DC voltage in
the range of — 0.8 to —1.7 V. Can be used to modulate the output.
Ref + 15 Noninverting Reference input. A virtual ground, current supplied to this pin (between 0.5 and
1.7 mA) sets the maximum output current.
Comp 16 Compensation. A capacitor between this pin and Pin 20 stabilizes the reference amplifier.
AGnd 17 Connect to system analog ground. This pin must be within 100 mV of DGnd (Pin 5).
Out — 18 A high impedance current output. Video voltage levels are produced when connected to a
75 Q cable with appropriate terminations. This output provides a “sync down” waveform. If
unused, connect to Pin 17.
Out + 19 Complementary output provides a “sync up” waveform. If unused, connect to Pin 17.
VEE 20 Connect to - 5.2 V, + 10%. This supply should be referenced to analog ground.

Figure 1. Test Circuit

— oo ~ o Vout -
| | 15pF 37.5Q
| |
| UT. N
' o7 but Out + Vout +
0.4V : 15pF 375Q
or L
2.4V | =
| | FT Ref - Vet
| | FH MC10322 <«—— 1.115mA
| | BRT Ref + W
| |BK 1.0k =
—1 Sync
Comp —_]
+5.0V —1 Vce = 0.01
0.1 DGnd VEE -5V
h = 01
| | | | — Conv AGnd
40MHz o —— Conv =
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MAXIMUM RATINGS

Characteristics Value Unit
Ve (with respect to DGnd and AGnd) +7.0,-0.5 Vde
DGnd (with respect to AGnd) -1.0t0+0.5 Vdc
VEE (with respect to AGnd) -7.0,+0.5 Vdc
Logic Input Voltage (with respect to DGnd) -0.5 Vdc
Logic Input Voltage (with respect to V) +0.5 Vdc
Voltage at Reference Amp Inputs +0.5, VEE Vdc
Current Into Ref + +6.0,0 mA
Voltage Applied to Out +, Out — (Normal Operation) +05,-2.0 Vdc
Voltage Applied to Out +, Out - (V¢ e, VEE = 0) +05,-1.2 Vdc
Junction Temperature —65to +150 °C

Devices should not be operated at these values. The “Recommended Operating Conditions” table provides
conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit
Supply Voltage Vce —DGnd 45 5.0 5.5 Vdc
DGnd — AGnd -0.1 0 +0.1
VEg — AGnd -5.72 -52 - 4.68
Logic Input Voltage Vin DGnd — Vce Vdc
Reference Current (for Video Standard Output) Iref — 1.115 — mA
(for all other applications) 0.5 — 1.7
Voltage at Ref - Vret -1.7 — -0.8 Vde
Output Load Impedance Rp 0 375 — Q
Output Compliance (with respect to AGnd) Vo -1.7 — +0.3 Vdc
Convert Frequency (FT = 0) fs 0 60 40 MHz
Data Update Frequency (FT = 1) . ] 60 40
Convert, Convert Common Mode Range VeMm DGnd +1.3 — Vec—-20 Vde
Operating Ambient Temperature TA —40 — +85 °C
All limits are not ily functional ly

ELECTRICAL CHARACTERISTICS (Tp = 25°C, lrgf = 1.115mA, Load = 37.5 Q to AGnd, VoG = + 5.0 V, VEE =— 5.2 V, see Figure 1.)

Characteristic r Symbol 1 Min T Typ [ Max | Unit !
REFERENCE AMPLIFIER .
Input Offset (Ref + to Ref —) Vos -15 +5.0 +15 mv
Bias Current Into Ref — IBR — 1.4 5.0 pA
Bandwidth (CG = 250 pF, Vref — = 10 mVp-p) BW — 3.0 - MHz
DIGITAL INPUTS
Low Voltage ViL 0 - 0.8 Vdc
High Voltage ViH 2.0 — Vee Vdc
Low Current (Data, Controls @ 0.4 V) TR — 10 25 pA
High Current (Data, Controls @ 2.4 V) IIH — 65 110 pA
Low Current (Conv, Conv @ 0.4 V) I —-200 -144 — HA
High Current (Conv, Conv @ 2.4 V) H — 100 140 nA
Input Capacitance Cin —_ 3.0 — pF |

NOTES: 1. Currentinto a pin is designated as positive, current out of a pin as negative.
2. Controls = FH, BRT, BLK, Sync, and FT.
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ELECTRICAL CHARACTERISTICS (Tp = 25°C, Iygf = 1.115 mA, Load = 37.5 Q to AGnd, Vcg = + 5.0 V, VEE =— 5.2 V, see Figure 1.)

Characteristic I Symbol | Min | Typ | Max | Unit |
TRANSFER CHARACTERISTICS
Resolution Res 8.0 8.0 8.0 Bits
Integral Nonlinearity INL -1/2 0 +1/2 LSB
Differential Nonlinearity DNL -1/2 0 +1/2 LSB
Monotonicity — Guaranteed*
Differential Gain DG — 1.0 _ %
Differential Phase DP —_ 0.5 — Deg
OUTPUTS
Output Current at Out — (Control Inputs = 0 Except as Noted)
Enhanced White (FH = BRT = 1) IEH - 0 18 100 HA
Normal White (FH = 1 or DO~ D7 = 1) INW — 1.75 1.94 213 mA
Normal Black (DO — D7 = 0) Referred to Normal White INB - 16.6 17.7 18.7
Blank Referred to Normal Black (BLK = 1) IBLN — 1.32 1.43 1.54
Sync Referred to Blank (SYNC = 1) ISYNC - 741 77 8.3
Output Voltage at Out — (Control Inputs = 0 Except as Noted) mV
Enhanced White (FH = BRT = 1) VEH - 0 -0.67 -3.75
Normal White (FH = 1 or DO - D7 = 1) VNW - -67.8 -73 -77.6
Normal Black (DO - D7 = 0) Referred to Normal White VNB - - 626 —663 -694
Blank Referred to Normal Black (BLK = 1) VBLN - —-50.6 -53.6 -56.6
Sync Referred to Blank (SYNC = 1) VSYNC - -270 —-288 -308
Output Current at Out + (Contro! Inputs = 0 Except as Noted) mA
Enhanced White (FH = BRT = 1) IEH + 26.8 28.8 30.6
Normal White (FH =1 or DO - D7 = 1) INW + 25 26.8 28.5
Normal Black (D0 — D7 = 0) Referred to Normal White INB + -16.6 -17.7 -18.7
Blank Referred to Normal Black (BLK = 1) IBLN + -1.32 -1.43 -1.54
Sync Referred to Blank (SYNC = 1) ISYNC + -74 =77 -83
Output Voltage at Out + (Control Inputs = 0 Except as Noted) mv
Enhanced White (FH = BRT = 1) VEH + -1016 -1080 -1132
Normal White (FH = 1 or DO — D7 = 1) VNW + -949 -1005 -1057
Normal Black (D0 — D7 = 0) Referred to Normal White VNB + 626 663 694
Blank Referred to Normal Black (BLK = 1) VBLN + 50.6 53.6 56.6
Sync Referred to Blank (SYNC = 1) VSYNC + 270 288 308
Output Matching (1IN + | = | Ing =) IFSER -50 0 +50 pA
Gain Error (Gray Scale at Out -) GER -50 0 +5.0 %
Output Impedance (Gray Scale, -1.7 V<V <0.3 V) 20 25 100 — kQ
Output Capacitance Co — 16 — pF
Glitch Energy (Clocked Mode) pV-sec
At Midscale Transition (DO — D7 = 127+>128) EGM — 18 —
Due to Clock Feedthrough (DO — D7 = Constant) EGgc —_ 2.0 -
Due to Data Feedthrough (Clock = Constant) EGD — 25 —
Peak Glitch Current (Clocked Mode)
At Midscale Transition (DO — D7 = 127¢>128) IGM — 0.2 —_ mA
Due to Clock Feedthrough (D0 — D7 = Constant) lac - 55 — pA
Due to Data Feedthrough (Clock = Constant) IaD - 0.5 —_ mA
POWER SUPPLIES
Supply Current mA
(Vcc=+55V) Icc - 22 28
(VEE=-5.72V, lref = 1.115 mA) IEE —-55 —-45 —
Power Dissipation Pp - 344 469 mw
Power Supply Sensitivity at Outputs pANV
(VEE=-5.2V,45<Vcc<55V) PSSD -25 1.0 +25
(Vcc=+5.0V,-5.72<VEE <-4.68V) PSSA -100 20 +100
Ve Supply Rejection (Voo =+5.0V, VEE =-5.2 V, f = 10 kHz) PSRRD - 85 — dB
VEE Supply Rejection (Vo =+ 5.0V, VEE =— 5.2V, f = 10 kHz) PSRRA — 65 — dB

*Guaranteed by linearity tests.
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TIMING CHARACTERISTICS (T =25°C, lrgf=1.115mA, Load =37.5 Q//15pF, VoG =+ 5.0V, VEE =— 5.2V, see Figures 2,3.)

Characteristic Symbol Min Typ Max Unit
Maximum Conversion or Update Rate Fs 40 60 - MHz
Clocked Mode (FT = 0) ns
Clock to Output Delay (Data, Controls) tcop —_ 10 -
Setup Time — Data to Conv Rising Edge tsp —_ 8.0 —_
FH, Sync to Conv Rising Edge tSFs - 5.0 —
BRT, BLK to Conv Rising Edge tsB —_ 4.0 -
Hold Time — All inputs (After Conv Rising Edge) tH —_ 0 -
Minimum Clock Width (High or Low) tpw — 6.0 —
Transparent Mode (FT = 1) ns
Data to Output Delay tpo —_ 16 —
Sync to Output Delay tso —_ 13 —
BLK to Output Delay tBO —_ 14 -
FH to Output Delay tFO - 16 —
BRT to Output Delay tRO - 12 -
Output Rise/Fall Time — 10 to 90% of Gray Scale RFG —_ 20 — ns
Enhanced White to Sync Level tRFF — 3.0 -
Output Settling Time tSET — 4.0 - ns

FUNCTIONAL DESCRIPTION

Introduction

The MC10322 is an 8-bit DAC intended for video
applications, employing TTL inputs for the data (natural
binary code) and video controls, and outputs capable of
directly driving a standard 50 Q or 75 Q monitor. Its use is not
limited to video, however, any application requiring a high
speed (typically 60 MHz) DAC, or a DAC with high output
current capability (up to 44 mA) can use the MC10322. The
input data and controls may be clocked into the internal
registers, or the MC10322 may be used in the transparent
mode eliminating the need for the clock.

The MC10322 may- be used in the multiplying mode by
varying the reference current along with the digital inputs
producing the product of the two at the outputs. The
reference current can be varied over arange of 0.5to 1.7 mA.
Standard power supplies are required: + 5.0 V and - 5.2 V,
both + 10%. Power consumption is nominally 344 mW.

DAC Outputs

The outputs of the MC 10322 are high impedance constant
current sinks whose values depends on the reference current
(Iref), the binary value of the digital word at DO — D7, and the
status of the video controls (Sync, BLK, FH, and BRT).
Complementary outputs are provided allowing an increased
output swing (when used differentially), or for creation of
special effects required by the application. For a given
reference current, the sum of the two output currents is a
constant equal to:

(lo-) + (I0 +) = lref x 25.86

The Out — output provides a “sync down” waveform, while
the Out + output provides a “sync up” waveform (see Table 1).
Current flow is into each of the outputs. Each output's
impedance is typically 100 kQ over the compliance range of
—1.7 to + 0.3 V, and the output capacitance is typically 16 pF.
An unused output cannot be left open — both outputs must be
connected to a voltage within the compliance range. Both
outputs should be equally loaded for best accuracy.

Table 1. Output Levels

BRT =0 BRT =1

mV "~ out- Out + Out - Out +

0 —_ RN - .. Sync Enhanced White Sync
-100 —|—— Normal'White—
-200 — ..
—-300 - . Blank Enhanced Blank
—~ 400 — Gray Scale - —— Normal Black— Gray Scale
-500 — — Enhanced Black—
2800 ] Normal Biack
~700 —— orrgla;l - ack —| Gray Scale - Enha;:::rﬁ( Black— Enhanced
-800 — Gray Scale
—-900 — .
—1000 — - — N | White—
~1100 Sync ormatinie Sync — Enhanced White —

lref=1.115mA, R =375 Q.
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Figure 2. Timing Diagram, Clocked Mode
( -

Pw | _tPw
30V —
Conv\_J 15V 15V 15V 15V [m—v\_/_m

el
po- 07 NNz

N _
1SFS H
) aa

: =_~
=

BRT

omv

Nonenhanced
/ Output

Normal
Enhanced White

Out- Output
tSET
-1100 mvV ] .
Gray Gray
[ Scale -y Blank —+— Sync —+— Blank Scale
NOTES: 1. Single-ended clock used in production testing.

1
2. If differential clock is used, timing would be determined from the crossover point of the two clock signals.
3. IfConvert is used in single-ended mode, timing would be measured from its falling edge.

4. Timing to output from data and controls is from Convert rising edge (threshold) to where the output

5.

6

has changed to 50% of final value.
. Reference current = 1.115 mA. Output load = 37.5 Q.
. Waveform at Out + is inverted from that shown above.
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Figure 3. Timing Diagram, Transparent Mode

~—>l Do [« T
BRT '
1RO [*—
15V 15V
FH
tFo [ [ tFo
15V 15V
BLK
18O [«— tBo[~—
s 15V 15V
nc
g tso ts0 («—
omv
50%
10 - 90%
5_ 50% Gray Scale
Out- [—

RFG

Normal Normal Enhanced Gray
I Wite T Black Black | Diank = Syne —=— Blank > oo
1

-1100 mV

Gray
Scale

NOTES: 1. Reference current = 1.115 mA. Output load = 37.5 Q.
2. Waveform at Out + is inverted from that shown above.
3. Timing from DO — D7 and Controls is to where output has changed to 50% of final value.

TRUTH TABLE
Inputs Outputs
Controls Data Out - Out +
Sync Blank Force High Bright D7 -DO (mA) (mV) (mA) (mv) Condition

1 X X X X 28.8 -1080 0 0 Sync

0 1 X X X 211 —790 7.7 —289 Blank

0 0 0 0 000.. 19.6 —-736 9.1 —341 Normal Black

0 0 0 1 000.. 17.7 —663 111 —416 Enhanced Black
0 0 1 0 X 1.94 -73 26.8 —1005 Normal White

0 0 0 0 111 1.94 -73 26.8 -1005 Normal White

0 0 0 1 1. 0 0 28.8 —1080 Enhanced White
0 0 1 1 X 0 0 28.8 —1080 Enhanced White

NOTES: 1. Currentflow is into the output pins.
2. Output voltage measured across a 37.5 Q resistor to AGnd.
3. Waveform at Out + is inverted from that at Out —.
4. Reference Current = 1.115 mA.
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DAC Gray Scale (DO - D7)

Within the Gray Scale (all 4 video controls = 0), the current
at Out — is controlled by the data inputs (DO — D7) according
to the following equation:

Iref X (255-A)

IO ~(GS) = + (Iref x 1.74)

The current at Out + in the Gray Scale is determined by:

lref X A
o + (GS) =——

+ (lref x 8.18)

For the test value of Irgf = 1.115 mA, Ip — varies from 19.6
mA to 1.94 mA as the digital inputs (A) vary from 0 to 255
(00K to FFR), and lo 4 will vary from 9.12 mA to 26.8 mA.
The data inputs are overridden by Sync, BLK, or FH.

Figure 4 depicts a typical input stage configuration, and
Figure 8 indicates the typical input current. The input's
threshold is =~ +1.5 V, independent of Vcc. An open input is
equivalent to a logic low, but good design practices dictate
that inputs should never be left open. The inputs must be kept
within the range of V¢ and DGnd. If an input is taken more
than 0.5 V above VCC or below Gnd excessive currents will
flow, and the DAC output waveform will be distorted.

Figure 4. Typical Input Stage

Vee
<o
To Next
#E —4 Stage
Vin -
I 1.5V
A S (?
DGnd

DAC - Video Controls

The four video controls (Sync, BLK, FH, and BRT) are
logic level inputs, TTL compatible, which permit setting the
outputs to standard video levels. All four are active high.
The Truth Table on page 7 indicates their priority.

The Force High input (FH) overrides the data inputs
(DO - D7), setting the DAC inputs to all 1s (FF). In most
applications, this is equivalent to the normal white level. FH
can be used with the BRT input to create an enhanced
white, but is overridden by Sync or BLK.

The Bright input (BRT) shifts the Gray Scale by =11% in
the high (white) direction. Typically this function is used to
provide an enhanced, or brighter display so as to highlight
certain portions of the screen. A highlighted cursor is a
typical example.

The current change at each output is equal to:

Alo(BRT) = lref x 1.74

The current at Ig — decreases in magnitude, while the
current at lp 4 increases, when BRT is asserted. BRT is
ineffective when Sync or BLK are asserted, but can be used
at any point within the Gray Scale.

The'Blank input (BLK) sets the output currents to the
blanking level used during horizontal and vertical retrace.
The current at Out - is:

10 = (BLK) = Iref x 18.96
The current at Out + is:
10 + (BLK) = lref X 6.9

The BLK input will override the data inputs, FH and BRT,
but is overridden by Sync. Therefore, the BLK input may be
left asserted during the sync time.

The Synchronizing input (Sync) sets the output currents
to the sync level used for normal horizontal and vertical
picture synchronization.

The current at Out - is:

10 — (Sync) = lref x 25.86

The current at Out + will be leakage current only, typically
< 20 pA. The Sync input will override all other control inputs
as well as data inputs.

Feedthrough (FT) Input

With FT low, the internal registers are active, and the data
and video controls are clocked through to the DAC on the rising
edgeof Pin6 (Conv), oronthefallingedge of Pin 7. Inthis mode,
the data bits (D7 — DO) which may appear asynchronously to
the MC10322 are then presented synchronously to the DAC,
reducing output glitches and noise. This mode is also useful
for synchronizing control functions with other events. While
hold times are typically 0 ns for all inputs, the setup times prior
to the clock edge must be observed.

With FT high, the registers are transparent and the data
and video controls feed through directly to the DAC. This
mode may be used if the data is presented to the MC10322
from external latches, which ensure minimum skew among
the data bits. In this mode Pins 6 and 7 are not used.

Figure 5. Convert Input Stage

Vee
1.V s s
A A To Next
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Conv '
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Convert Inputs

The Convert inputs (Pins 6 and 7) are used to clock in
data and the video controls to the internal registers only if
FT (Pin 8) is low. The input stage for these pins is shown
in Figure 5. The pins are internally biased at = +1.6 V
with a nominal input impedance of 10 kQ. The inputs may
be driven from complementary TTL clock signals with the
clocking action occurring on the rising edge of Conv and
the falling edge of Conv as the signals cross each other
in voltage.

A single-ended clock source may be used by connecting
either Pin 6 or 7 to a fixed voltage to set the threshold and
applying the clock signal to the other pin. If done this way,
the fixed voltage must be within the range of +1.3 V to VcC

—2.0 V. Figure 6 shows three positive edge triggered
examples. Interchanging Pins 6 and 7 provides negative
edge triggered operation.

The input current required at each pin is shown in Figure 9,
and is independent of the clocking mode used.

If FT is high, the Convert pins are nonfunctional, and must
be connected to different voltages (e.g., Vcc and DGnd).
Leaving the pins open can result in high frequency
oscillations or spurious noise.

Conv and Conv must be kept within the range of Vcc and
DGnd. If taken more than 0.5 V above VGG or below Gnd
excessive currents will flow, and the DAC output waveform
will be distorted.

Figure 6. Single-Ended Clock Input

Vee vee

| |
| |
| MC10322 |
| |
| |

Reference Amplifier

The reference amplifier (Pins 14 to 16) is used to accept
the externally supplied reference current for the DAC current
switches (see Figure 7).

Ref + (Pin 15) is a low impedance (virtual ground) input
into which the reference current flows (current cannot flow
out of this pin). Due to the op amp’s internal feedback, the
voltage at Ref + is the same as that set at Ref —, with a typical
input offset of +5.0 mV. The current into Ref + should be
within the range of 0.5 mA to 1.7 mA to maintain 8-bit linearity
and accuracy. A reference current of 1.115 mA is
recommended to obtain EIA-170 and EIA-343-A voltage
levels at the outputs if they are terminated with 37.5 Q
(double 75 Q terminations).

Ref —is a high impedance input (>10 M) which must be
set to a voltage within the range of —0.8 to —1.7 V. A
nominal bias current of =1.4 pA will flow into this pin. In
Figure 7, Iref = Vref/Rref.

MC10322 MC10322

Ra = Rref 001
0.5 <lrgf < 1.7 mA
1.7V < Vit <-08V
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Power Supplies
The MC10322 requires both a +5.0 V and a =5.2 V (and/or Convert) inputs. If the clock signal is single-ended,

supply, both + 10%. Nominal current requirements are 22 mA the data and control latching occurs on the rising edge of
and 45 mA, respectively, (including a total output current of Convert, or the falling edge of Convert. If a differential clock is
29 mA). The supply current required at VEE is dependent on used, latching occurs at the cross-over point of the two
the total output current (Pin 18 + Pin19). The + 5.0 V supply signals. The hold time for the data and controls is 0, but the
powers only the digital portion of the IC (control logic and setup times must be observed. The clock duty cycle is not
latches), and should be referenced to Digital Ground (Pin 5). important as long as the minimum pulse widths are observed.
The —5.2 V supply powers the analog portion of the IC Figure 3 is for the transparent (non-clocked) mode. The
(reference amplifier and the DAC's current sources), and output responds to the application of new data or control
should be referenced to Analog Ground (Pin 17). See the inputs without the need for a clocking edge. The propagation
Applications Section for additional information on power delay to the output is different for each of the data and control
supplies, bypassing and PC board layout. signals. To prevent large glitches at the outputs, it is
imperative that the data bits (DO — D7) arrive at the MC10322
Timing simultaneously with minimum skew. If the synchronism of the
Figures 2 and 3 are the timing diagrams for the MC10322. 8-bits cannot be guaranteed, either an 8-bit latch should be
Figure 2 is for the clocked mode where data and control used (F373 or F374 type), or the MC10322 should be used in
inputs are latched into the input registers by the Convert the clocked mode.
Figure 8. Input Current, Data and Controls Figure 9. Input Current, Convert Inputs
= 120 Vec=+50V // 2 w0 Voo = +50V /
2 % 2
7 v g >
g W g € 100 yd
3 e s Pl
5 / 5 0
s % 7 £ //
: /] 7 -1 /
0 /‘
- 300
-1.0 0 1.0 20 30 40 5.0 6.0 -1.0 0 1.0 20 30 40 5.0 6.0
Vin, INPUT VOLTAGE (V) Vin, INPUT VOLTAGE (V)
APPLICATIONS INFORMATION
Power Supplies, Grounding
The PC board layout and the quality of the power supplies circuits are present) can easily exceed 400 mV peak, and if
and the ground system at the IC are very important in order they get into the analog portion of the IC, the operation can
to obtain proper operation. Noise from any source coming be disrupted. Noise can be reduced by inserting resistors
into the device on Vcc, VEE, or ground can cause an and/or inductors between the supplies and the IC.
incorrect output code due to interaction with the analog If switching power supplies are used, there will usually
portion of the circuit. At the same time, noise generated be spikes of 0.5 V or greater at frequencies of 50 kHz to
within the MC10322 can cause incorrect operation if that 1.0 MHz. These spikes are generally more difficult to
noise does not have a clear path to AC ground. reduce because of their greater energy content. In extreme

Both the Vg and VEE power supplies must be decoupled cases three terminal regulators = (MC78LOSACP,
to the appropriate ground at the IC (within 1” max) with a 10 MC7905.2CT), with appropriate high frequency filtering

wF tantalum and a 0.1 pF ceramic. Tantalum capacitors are should be used and dedicated to the MC10322.
recommended since electrolytic capacitors simply have too The ripple content of the supplies should not allow their
much inductance at the frequencies of interest. The quality of magnitude to exceed the values in the Recommended

the Vg and VEE supplies should then be checked at the IC Operating Conditions.
with a high frequency scope. Noise spikes (whenever digital
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The PC board tracks supplying Vcc and VEE to the
MC10322 should preferably not be at the tail end of the
bus distribution after passing through a maze of digital
circuitry. The MC10322 should be close to the power
supply, or the connector where the supply voltages enter
the board. If the Voc and VEE lines are supplying
considerable current to other parts of the board, then it is
preferable to have dedicated lines from the supply or
connector directly to the MC10322.

The two ground pins (DGnd and AGnd) must eventually be
connected together, usually near the power supply, although
the specific board layout may dictate a different “best point”,
Voc must be referenced to DGnd, and VEg must be
referenced to AGnd.

PC Board Layout

Due to the high frequencies involved, and in particular, the
fast edges of the various digital signals, proper PC board
layout is imperative. A solid ground plane is strongly
recommended in order to have known transmission
characteristics, and also to minimize coupling of the digital
signals into the analog section. Use of wire wrapped boards
should definitely be avoided.

Each PC track should be considered a transmission line,
and if they are of any considerable length (more than a few
inches), they should be terminated according to transmission

line theory. Otherwise reflections back to the signal sources
can occur, disrupting their operation. Additionally, the
overshoots and undershoots which will occur at the
MC10322’s input pins can cause its operation to be
disrupted, resulting in a noisy or incorrect output.

Additional information regarding the transmission
characteristics of PC board tracks can be found in Motorola’s
MECL System Design Handbook (HB205).

Reference Circuits

Since the accuracy of the outputs are directly related to the
accuracy and quality of the reference current and voltage, it
is imperative that accurate and stable references be used at
Pins 14 and 15. The voltage supply used for the digital
circuitry should preferably not be used as a source for either
the reference current or voltage due to the noise spikes and
ripple present on the supply and its ground lines.

Figure 10 indicates a method for generating the reference
signals from a positive supply. The MC1403 reference is a
stable 2.5 V bandgap regulator (+1%), with a maximum
temperature coefficient of 40 ppm/°C, and good ripple and
high frequency noise rejection. In the figure, the circuit
supplies —1.48 V to Pin 14, and a current of 1.113 mA to Pin
15. If the outputs of the MC10322 are terminated with 37.5 Q,
the voltage levels will be well within the allowable range
specified by EIA-170 and EIA-343-A.

Figure 10. Reference Supply

4.5V to 40V 1

O— MC1403

Iref

Input

i

gl

750

If the analog —5.2 V supply is fairly clean and free of
digital noise the circuit of Figure 11 may be used. The
TL431 is a stable 2.5 V bandgap reference (+ 1%) with an
effective temperature coefficient of 50 ppm/°C. The 5 k pot
allows adjustment for precise output levels, or it may be
replaced with a precision resistor which provides the correct
voltage at Pin 14.

2.0k

3570

1.18k 3570

el r————"-- A
i | MC10322 |
L | |
- | |
| | |
3 | |
TL431 | |
| |
|
210k L
VEE
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Figure 12 indicates another reference circuit using the
LM385-1.2 reference diode. Rref is chosen to provide the
desired reference current to Pin 15 knowing that it is set at
—1.235 V. The LM385 is a bandgap type reference with a
+ 2% initial accuracy. The 20 k resistor biases the diode at
approximately 200 pA for minimum temperature variations.
The 0.2 pF capacitor, with the 20 k resistor, filters out noise
above = 40 Hz.

Figure 12. Reference Supply

.||—|

LM385- 1.2

Digitally Modulating an Analog Signal

The MC10322 may be used to digitally modulate (or
attenuate) an analog signal by applying the analog signal to
the reference amplifier. Three methods of doing this are
shown in Figures 13 to 15.

Figure 13. Applying an Analog Signal Directly

Current

Vref ce
R = At |

[-1.7V < Vigf < - 0.8V]

Figure 14. Capacitor Coupling the AC Voltage

R = Ryef
[-1.7V < Vpgf < - 0.8V]

Figure 15. Applying a Modulating Current

Current
itches

Cc
Ra = Rref -

[-1.7V < Vyef < - 0.8V]

In all three examples the DC reference current is Vygf/Rref.
In Figure 13 the AC signal source is referenced to a negative
voltage source (Vyef). In Figures 13 and 14 the AC reference
current is equal to VAC divided by Ryef. In Figure 15 the AC
reference current is equal to VAC divided by Rp. The AC
signal at Out — and Out + is determined by the following
equations:

Iref(AC) X (255-A) x RL_

Vo - (AC) p
Iref, xAxR
VO,,(ACF%GL

where “A” is the value of the digital word at DO — D7 (0 to 255).
When implementing any of the above schemes, or any
other method of feeding an AC signal to the reference
amplifier, the following operating limits must be observed:
1) The peak values of the reference current
(AC + DC) must be within the range of 0.6 mA
to 1.7 mA into Pin 15;

2) The peak values of the voltage at Ref + and Ref —
must be within the range of -0.8 Vto -1.7 V;

3) The peak values of the voltage at Out — and Out +
must be within the range of -1.7 Vto + 0.3 V.

The maximum frequency which can be handled by the
reference amplifier is dependent on the compensation
capacitor (Cg) at Pin 16, and the signal amplitude according
to the following equation:

1.59x10-8
Cc x Ipk

where Ipk is the peak value of the AC reference current (1/2 of
the peak-to-peak value). The small signal bandwidth of the
reference amplifier is = 3.0 MHz.

Components associated with the reference amplifier (Pins
14 — 16) should be physically close to the pins. The board
layout should be neat, preventing unwanted stray capacitive
coupling between the outputs and the reference amplifier. If
Cc is smaller than 5000 pF a ground plane is strongly
recommended. C¢ should not be smaller than 250 pF.

fmax =
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Negative Voltage Regulator

In the case where a negative power supply is not
available, neither the — 5.2 V, nor a higher negative voitage
from which to derive it, the circuit of Figure 16 can be used to

physically close to the MC10322. The MC34063A is a
switching regulator, and in Figure 16 is configured in an
inverting mode of operation. The regulator operating

generate — 5.2 V from the + 5.0 V supply. The PC board

specifications are given in Figure 16.
space required is small (= 2.0 in2), and it can be located

Figure 16. - 5.2 V Regulator

Vin !
(+4.510+5.5V) J_
100uF T | 3042

Line Regulation 45V <Vjn<565V, 0.04%
67 8 | lout = 50 mA
MC34063A Load Regulation | Vj;=5.0V, 1.5%
” 100pH 15 mA < lgyt < 85 mA
T - I OutputRipple | Vin=5.0V,loyt=85mA | 4.0mVp-p
B =
3160 | 5000k m’s'm 9 Short Circuitloy | Vin=5.0V,RL=1.0Q 620 mA
777 )i - gz\‘;/L'WmA Efficiency Vin=5.0V, loyt = 50 mA 48%
apFl = gl
1.0pH

TYPICAL APPLICATION CIRCUITS

Figure 17 shows a typical video application circuit using
the MC10322 in the clocked mode. The clock is

monitor through a 75 Q cable, which is terminated at both
ends. The reference voltage is supplied by an LM385-1.2

single-ended, and the circuit updates the output on the rising regulator.
edge of the clock. The Out - pin feeds a standard 75 Q
Figure 17. Clocked Mode
6f . - 18
Clock 7 Conv Out - 75Q Cable
€T W B o= 3
4 8ler 19 375 00O
5 Out + W\
DGnd rar 5 tIk1% 1 Video
= 0= ef + A =
+50V210% VT of,,
Digital Supply cc _[—‘
1o oz—]— & 1M385-12
31p1 MC10322 Ref - P4 .
21 o
Gray Scale 1 2
Digtal 24] %8 K3
Inputs ) 5104 P
Y b Comp i}
21 b 20 5.2V, £10%
D7 VEE i < Analog Supply
== 10uF 01
10 17 i
——FFH AGnd
) it 1
Video 1 =
Controls m BLK
Sync

NOTES: 1. Gray Scale inputs, video controls, and clock are to be referenced to digital ground.
2. Outputs and reference circuitry are to be referenced to analog ground.
3. PC board layout to be such that digital noise does not get into the analog side circuitry.
4. Analog and digital ds to be d her. Location of this connection is board
layout dependent,and is to be such that digital ground noise does not show up in the analog signals.
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Figure 18 shows a circuit similar to that of Figure 17,
except the MC10322 is used in the transparent mode. The
source of the data bits must provide the 8-bits
simultaneously, with minimum skew, to keep output glitches

to a minimum. If latches, or other antiskew circuitry, are not
available within the microprocessor circuitry, a set of 8-bit
latches between it and the MC10322 is recommended, or the
MC10322 should be used in the clocked mode.

Figure 18. Transparent Mode

v 6 ~ 18
CC——D Conv Out - 75Q Cable )
FT I { -
7 Conv 19 = ?7_‘5 OO0 O
8 band out 1
10uF 0.1 Ref + 15 1‘"(1% = rmﬁgr
+500210% \ o 9
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3 Do 0.2—|— A w512
-
L . D1 MC10322 Ref - H4 !
| a 1 D2
t D3
: c 2] oo 20k
| h ] o O
| e 2 35 Comp s
s 6
- 21 20 -5.2V,+10%
uP b VEE Analog Supply
System 10puF 0.1
, :g FH AGnd LT—I—T
o BRT 1L
11 =
r 131 B
t Sync

NOTES: 1. Gray Scale inputs and video controls are to be referenced to digital ground.
2. Outputs and reference circuitry are to be referenced to analog ground.
3. PC board layout to be such that digital noise does not get into the analog side circuitry.
4. Analog and digital grounds to be connected together. Location of this connection is board
layout dependent,and is to be such that digital ground noise does not show up in the analog signals.

GLOSSARY

Bandgap Reference — A voltage reference circuit based on
the predictable base-emitter voltage of a transistor. The
silicon bandgap voltage of =1.2 V is the basis for generating
other voltages which are stable with time and temperature.

Bipolar Input — A mode of operation whereby the analog
input (of an A-D), or output (of a DAC), includes both negative
and positive values. Examples are: —5.0 Vto + 5.0 V, - 2.0
Vito +8.0V, etc.

DAC Current Gain — The internal gain the DAC applies to
the reference current to determine the full scale output
current. The actual maximum current out of a DAC is one
LSB less than the full scale current.

Differential Gain ~ In video systems, differential gain is a
component’s change in gain as a function of luminance level.
In a color picture, contrast will be affected if the differential
gain is not zero.

Differential Nonlinearity — The maximum deviation in the
actual step size (one transition level to another) from the ideal
step size. The ideal step size is defined as the Full Scale
Range divided by 2N. This error must be within + 1 LSB for
proper operation.

Differential Phase — In video systems, differential phase is
the change in the phase modulation of the chrominance as
a function of the luminance level. The hue in a color picture
will be distorted if the differential phase is not zero.

Full Scale Range — The difference between the minimum
and maximum end points of the analog input (of an A/D),
or output (of a DAC), plus one LSB.

Gain Error — The difference between the actual and
expected gain (end point to end point), with respect to the
reference, of a data converter. The gain error is usually
expressed in LSBs, or percent.
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Glitch Area — The energy content of a glitch, specifically
in volt-seconds. It is the area under the curve of the glitch
waveform. For a symmetrical glitch, the area and the energy
can be zero.

Gray Code — Also known as reflected binary code, it is a
digital code such that each code differs from adjacent codes
by only one bit. Since more than one bit is never changed
at each transition, race condition errors are eliminated.

Integral Nonlinearity — The maximum error of an A/D or
DAC, transfer function from the ideal straight line connecting
the analog end points. This parameter is sensitive to
dynamics, and test conditions must be specified in order to
be meaningful. This parameter is the best overall indicator
of the device's performance.

LSB - Least Significant Bit. It is the lowest order bit of a
binary code.

Line Regulation — The ability of a voltage regulator to
maintain a certain output voltage as the input to the regulator
is varied. The error is typically expressed as a percent of
the nominal output voltage.

Load Regulation — The ability of a voltage regulator to
maintain a certain output voltage as the load current is varied.
The error is typically expressed as a percent of the nominal
output voltage.

Monotonicity — The characteristic of the transfer function
whereby increasing the input code (of a DAC), or the input
signal (of and A/D), results in the output never decreasing.
Nonmonotonicity occurs if the differential nonlinearity
exceeds + 1 LSB.

MSB - Most Significant Bit. it is the highest order bit of a
binary code.

Natural Binary Code — A binary code defined by:

N = Ap2" + ... + A323 + Ag22 4+ Aq21 + AQ20
where each “A” coefficient has a value of 1 or 0. Typically,
all zeros correspond to a zero input voitage of an A/D, and
all ones correspond to the most positive input voltage.

Nyquist Theory — See Sampling Theorem.

Offset Binary Code — Applicable only to bipolar input (or
output) data converters, it is the same as Natural Binary
code, except that all zeros correspond to the most negative
output signal (of a D/A), while all ones correspond to the
most positive output.

Additional

Output Compliance — The maximum voltage range to which
the DAC outputs can be subjected, and still meet all
specifications.

Power Supply Rejection Ratio — The ability of a device
to reject noise and/or ripple on the power supply pins from
appearing at the outputs. An AC measurement, this
parameter is usually expressed in dB rejection.

Power Supply Sensitivity — The change in a data
converter’s performance with changes in the power supply
voltage(s). This parameter is usually expressed in percent
of full scale versus AV.

‘Propagation Delay — For a DAC, the time from when the

clock input crosses its threshold to when the DAC output(s)
changes.

Quantitization Error — Also known as digitization error or
uncertainty. It is the inherent error involved in digitizing an
analog signal due to the finite number of steps at the digital
output versus the infinite number of values at the analog
input. This error is a minimum of + 1/2 LSB.

Resolution — The smallest change which can be discerned
by an A/D converter, or produced by a DAC. It is usually
expressed as the number of bits (n), where the converter
has 2N possible states.

Sampling Theorem — Also known as the Nyquist Theorem.
It states that the sampling frequency of an A/D must be no
less than 2x the highest frequency (of interest) of the analog
signal to be digitized in order to preserve the information of
that analog signal.

Settling Time — For a DAC, the time required for the output
to change (and settle in) from an initial +1/2 LSB error band
to the final + 1/2 LSB error band.

TTL — Transistor-transistor logic.

Two’s Complement Code — A binary code applicable to
bipolar operation, in which the positive and negative codes
of the same analog magnitude sum to all zeros, plus a carry.
It is the same as offset binary code, with the MSB inverted.

Unipolar Input — A mode of operation whereby the analog

input range (of an A/D), or output range (of a D/A), includes

values of a single polarity. Examples are:
Oto+10V,0t0-5.0V, +2.0 Vto + 8.0V, etc.

of PC board tracks can be found in

garding the
Motorola’s MECL System Design Handbook (HB205).
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TECHNICAL DATA

Advance Information
8-Bit Video DAC with ECL Inputs

The MC10324 is a 40 MegaSample Per Second (MSPS) 8-bit
Video DAC capable of directly driving a 75 Q cable, with appropriate
terminations, to EIA-170 and EIA-343-A video levels. The logic inputs
(data and controls) are ECL compatible. Input registers negate the need
for external latches unless the transparent mode is selected.

Video controls (Force High, Blank, Bright, and Sync) permit an easy
interface to standard video systems. The Clock (Convert) inputs can be
differential or single-ended. Complementary outputs are provided for
custom displays or special effects.

The MC10324 is fabricated with Motorola’'s MOSAIC™ process
which provides high speed with low power consumption. The MC10324
is available in a 24 pin plastic DIP package.

® 40 MSPS Minimum Conversion Rate

ECL Compatible Inputs

8-Bit Linearity

Latched Data and Video Control Inputs, or Transparent Mode
Video Controls: Force High, Blank, Bright, Sync
Each Differential Current Outputs Can Swing 2.0 V
Modulation Capability (Multiplying Mode)

PSRR > 60 dB

Standard Power Supply: —-5.2 V

Power Dissipation: Typically 338 mW

Pin Compatible with TRW's TDC1018

Available with TTL Inputs (MC10322)

MC10324

8-BIT VIDEO DAC
with ECL INPUTS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

24

h=§|

P SUFFIX
PLASTIC PACKAGE
CASE 649

Simplified Block Diagram
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PIN FUNCTION DESCRIPTION
Symbol Pin Description
DO-D7 1-4, Data inputs. DO is the LSB and D7 is the MSB. Inputs are ECL compatible. Maximum update

21-24 rate is typically 60 MHz. The eight bits control the Gray Scale amplitude only, and do not
involve the Sync or Blank levels.

VEg(D) 5 Connect to — 5.2 V, £ 10%. This supply should be referenced to digital ground.
Conv 6 Convert input. The rising edge latches data and controls if FT = 0. May be used single-ended
(with Pin 7 at a fixed voltage), or differentially with Pin 7.
Conv 7 Convert input. The falling edge latches data and controls if FT = 0. May be used
single-ended (with Pin 6 at a fixed voltage), or differentially with Pin 6.
FT 8 Feedthrough. When high, the internal latches are transparent, and Pins 6 and 7 are unused.
When low, data and controls are latched by Pins 6 and 7.
DGnd 9 Connect to system digital ground. This pin must be within 100 mV of AGnd (Pin 17).
FH 10 Force High. A logic high internally sets data inputs = 1, overriding external data inputs.
Blank " A logic high overrides data inputs, sets the outputs to the video blanking level.
BRT 12 Bright. A logic high increases the Gray Scale output level by = 11%, providing an enhanced

display. Does not affect Sync or Blank.

Sync 13 A logic high overrides all other inputs, and sets the output to video sync level.

Ref - 14 Inverting Reference input. A high impedance input, normally set to a negative DC voltage in
the range of — 0.8 to —1.7 V. Can be used to modulate the output.

Ref + 15 Noninverting reference input. A virtual ground, current supplied to this pin sets the maximum ‘
output current.

Comp 16 Compensation. A capacitor between this pin and Pin 20 stabilizes the reference amp.

AGnd 17 Connect to system analog ground. This pin must be within 100 mV of DGnd (Pin 9).

Out - 18 A high impedance current output. Video voltage levels are produced when connected to a

75 Q cable with appropriate terminations. This output provides a “sync down” waveform. If
unused, connect to Pin 17.

Out + 19 Complementary output provides a “sync up” waveform. If unused, connect to Pin 17.

VEE(A) 20 Connect to — 5.2 V, + 10%. This supply should be referenced to analog ground.

Figure 1. Test Circuit

— DO Out - Vout -
[ 15pF 37.5Q
| : 1
{ o7 Out + Vout +
-1.95V | 15pF 37.5Q
or 1
-081V | -
| | FT Ref - Vret
| | FH MC10324 ~—— 1.115mA
| BRT Ref +
| | BK 1.0k =
— Sync
Comp
m DGnd = 001
. VEE(A) -52v
-52v —4 VEEg(D) B L 01
| | | | —— Conv AGnd ——{ i
4MHz o —— Conv N
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MAXIMUM RATINGS

Characteristics Value Unit
VEE(D) (with respect to DGnd) -7.0,+05 Vdc
DGnd (with respect to AGnd) -1.0,+ 0.5 Vde
VEE(A) (with respect to AGnd) -7.0,+05 Vdc
Logic Input Voltage (with respect to DGnd) +0.5 Vdc
Logic Input Voltage (with respect to VEg(D)) -05 Vdc
Voltage at Reference Amp Inputs + 0.5, VEE(A) Vdc
Current Into Ref + +6.0,0 mA
Voltage Applied to Out +, Out — (Normal Operation) +0.5,-2.0 Vdc
Voltage Applied to Out +, Out - (VEg(D), VEE(A) = 0) +05,-1.2 Vde
Junction Temperature —65to +150 °C

Devices should not be operated at these values. The “Recommended Operating Conditions” table provides
conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit
Supply Voltage VEE(D) — DGnd -5.72 -52 -4.68 Vde
DGnd — AGnd -0.1 0 +0.1
VEE(A) — AGnd -5.72 -52 —-4.68
Logic Input Voltage Vin VEE(D) — DGnd Vdc
Reference Current (for Video Standard Output) Iref — 1.115 —_ mA
(for all other applications) 0.5 — 17
Voltage at Ref — Vref — -1.7 — -0.8 Vde
Output Load Impedance RL 0 375 —_ Q
Output Compliance (with respect to AGnd) Vo -1.7 — +0.3 Vdc
Convert Frequency (FT = 0) fs 0 60 40 MHz
Data Update Frequency (FT = 1) 0 60 40
Convert, Convert Common Mode Range Vem VEE(D)+1.3 — DGnd Vde
-0.3
Operating Ambient Temperature TA -40 —_ +85 °C

All limits are not necessarily functional concurrently.

ELECTRICAL CHARACTERISTICS (Tp = 25°C, Iref = 1.115 mA, Load = 37.5 Q to AGnd, Vg = VEE =— 5.2 V, see Figure 1.)

[ Characteristic Symbol Min [ typ | Max | umit |
REFERENCE AMPLIFIER
Input Offset (Ref + to Ref —) Vos -15 +5.0 +15 mV
Bias Current Into Ref — IBR — 1.4 5.0 pA
Bandwidth (Cg = 250 pF, Vref — = 10 mVp-p) BW — 3.0 —_ MHz
DIGITAL INPUTS
Low Voltage VIL -1.95 — -1.6 Vdc
High Voltage VIH -1.13 — -0.81 Vde
Low Current (Data, Controls @ —1.95 V) i - 90 150 pA
High Current (Data, Controls @ — 0.81) hH —_ 120 200 pA
Low Current (Conv, Conv @ —1.95) IR -150 -60 — HA
High Current (Conv, Conv @ - 0.81) IIH — 80 150 pA
Input Capacitance Cin — 5.0 — pF

NOTES: 1. Currentinto a pin is designated as positive, current out of a pin as negative.
2. Controls = FH, BRT, BLK, Sync, and FT.
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ELECTRICAL CHARACTERISTICS (Ta = 25°C, Iyef = 1.115 mA, Load = 37.5 Q@ to AGnd, V¢ = VEE =— 5.2V, see Figure 1.)

Characteristic l Symbol l Min Typ Max | Unit ]
TRANSFER CHARACTERISTICS
Resolution Res 8.0 8.0 8.0 Bits
Integral Nonlinearity INL -1/2 0 +1/2 LSB
Differential Nonlinearity DNL -1/2 0 +1/2 LSB
Monotonicity — Guaranteed”
Differential Gain DG — 1.0 —_ %
Differential Phase DP — 0.5 — Deg
*Guaranteed by linearity tests.
OUTPUTS
Output Current at Out — (Control Inputs = 0 Except as Noted)
Enhanced White (FH = BRT = 1) IEH - 0 18 100 pA
Normal White (FH = 1 or DO - D7 = 1) INW — 1.75 1.94 213 mA
Normal Black (DO — D7 = 0) Referred to Normal White INB - 16.6 17.7 18.7
Blank Referred to Normal Black (BLK = 1) IBLN - 1.32 1.43 1.54
Sync Referred to Blank (SYNC = 1) ISYNC — 74 7.7 8.3
Output Voltage at Out — (Control Inputs = 0 Except as Noted) mV
Enhanced White (FH = BRT = 1) VEH - 0 —-0.67 -3.75
Normal White (FH = 1 or DO — D7 = 1) VNW - -67.8 -73 -77.6
Normal Black (D0 — D7 = 0) Referred to Normal White VNB - - 626 -663 - 694
Blank Referred to Normal Black (BLK = 1) VBLN - -50.6 -536 —-56.6
Sync Referred to Blank (SYNC = 1) VSYNG - -270 -288 -308
Output Current at Out + (Control Inputs = 0 Except as Noted) mA
Enhanced White (FH = BRT = 1) IEH + 26.8 28.8 30.6
Normal White (FH = 1 or DO - D7 = 1) INW + 25 26.8 28.5
Normal Black (D0 - D7 = 0) Referred to Normal White INB + -16.6 -17.7 -18.7
Blank Referred to Normal Black (BLK = 1) IBLN + -1.32 -1.43 -1.54
Sync Referred to Blank (SYNC = 1) ISYNC + -74 -7.7 -8.3
Output Voltage at Out + (Control Inputs = 0 Except as Noted) mV
Enhanced White (FH = BRT = 1) VEH + -1016 -1080 -1132
Normal White (FH = 1 or DO - D7 = 1) VNW + —949 -1005 -1057
Normal Black (D0 - D7 = 0) Referred to Normal White VNB + 626 663 694
Blank Referred to Normal Black (BLK = 1) VBLN + 50.6 53.6 56.6
Sync Referred to Blank (SYNC = 1) VSYNC + 270 288 308
Output Matching (1Ing +1 —ling =) IFSER -50 0 +50 pA
Gain Error (Gray Scale at Out -) GER - 50 0 +5.0 %
Output Impedance (Gray Scale, -1.7V < Vg < 0.3 V) Zn 25 100 — kQ
Output Capacitance Co — 16 — pF
Glitch Energy (Clocked Mode) pV-sec
At Midscale Transition (D0 ~ D7 = 127+>128) EGM -— 18 -
Due to Clock Feedthrough (D0 — D7 = Constant) Egec — 20 —_
Due to Data Feedthrough (Clock = Constant) EGD — 25 -_
Peak Glitch Current (Clocked Mode)
At Midscale Transition (D0 — D7 = 127<-128) IGM —_ 0.2 —_ mA
Due to Clock Feedthrough (D0 — D7 = Constant) lcTo] _ 55 — pA
Due to Data Feedthrough (Clock = Constant) IGD - 0.5 - mA
POWER SUPPLIES
Supply Current VEg(D) = VEE(A) =-5.72 V Igg(D) —80 -65 — mA
Power Dissipation Pp - 338 458 mw
Power Supply Sensitivity at Outputs PSSD HANV
(= 5.72 < VEg(D), VEE(A) <~ 4.68 V) -100 20 +100
VEE(D) Supply Rejection (VEE(D) = VEE(A) =—~5.2 V, f = 10 kHz) PSRRD — 100 — dB
VEE(A) Supply Rejection (VEg(D) = VEE(A) =-5.2 V, f = 10 kHz) PSRRA - 60 —_ dB

(continued)
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TIMING CHARACTERISTICS (Ta =25°C, Irgf=1.115mA, Load = 37.5Q//15pF, Voo = VEE =— 5.2V, see Figures 2,3.)

Characteristic Symbol Min Typ Max Unit
Maximum Conversion or Update Rate Fs 40 60 — MHz
Clocked Mode (FT = 0) ns
Clock to Output Delay (Data, Controls) tcop — 10 —
Setup Time — Data to Conv Rising Edge tsp — 8.0 —
FH, Sync to Conv Rising Edge tSFs —_ 5.0 —
BRT, BLK to Conv Rising Edge tsB — 4.0 —
Hold Time — All Inputs (After Conv Rising Edge) tH — 0 —
Minimum Clock Width (High or Low) tpw — 6.0 —
Transparent Mode (FT = 1) ns
Data to Output Delay tpo — 16 —
Sync to Output Delay tso — 13 —
BLK to Output Delay tBO — 14 —
FH to Output Delay tFo e 16 —
BRT to Output Delay tRO — 12 —
Output Rise/Fall Time — 10 to 90% of Gray Scale tRFG — 2.0 — ns
Enhanced White to Sync Level RFF - 3.0 -
Output Settling Time tSET — 4.0 — ns

FUNCTIONAL DESCRIPTION

Introduction

The MC10324 is an 8-bit DAC intended for video
applications, employing ECL inputs for the data (natural
binary code) and video controls, and outputs capable of
directly driving a standard 50 Q or 75 Q monitor. Its use is not
limited to video, however, any application requiring a high
speed DAC (typically 60 MHz) or a DAC with high output
current capability (up to 44 mA) can use the MC10324. The
input data and controls may be clocked into the internal
registers, or the MC10324 may be used in the transparent
mode eliminating the need for the clock.

The MC10324 may be used in the multiplying mode by
varying the reference current along with the digital inputs
producing the product of the two at the outputs. The reference
current can be varied over a range of 0.5 to 1.7 mA. The
MC10324 requires —5.2 V, + 10% for both the analog and
digital supply pins. Power consumption is nominally 338 mW.

DAC Outputs

The outputs of the MC10324 are high impedance constant
current sinks whose values depends on the reference current
(Iref), the binary value of the digital word at DO — D7, and the
status of the video controls (Sync, BLK, FH, and BRT).
Complementary outputs are provided allowing an increased
output swing (when used differentially), or for creation of
special effects required by the application. For a given
reference current, the sum of the two output currents is a
constant equal to:

(I0-) + (10 +) = Iref x 25.86

The Out — output provides a “sync down” waveform, while
the Out + output provides a “sync up” waveform (see Table 1).
Current flow is into4 each of the outputs. Each output’s
impedance is typically 100 kQ over the compliance range of
—-1.7 to + 0.3 V, and the output capacitance is typically 16 pF.
An unused output cannot be left open — both outputs must be
connected to a voltage within the compliance range. Both
outputs should be equally loaded for best accuracy.

Table 1. Output Levels

BRT =0 BRT =1

mV Out - : Out + Out - Out +

0 — Sync Enhanced White Sync
-100 —[—— Normal White—
-200 —
—300 —_ Blank Enhanced Blank
—~ 400 — Gray Scale —— Normal Black— Gray Scale
~500 — — Enhanced Black—
2500 T Normal Black
~700 —— c>rrg;l 8 ack — Gray Scale - Enhag:;‘er:jk Black— Enhanced
-800 — Gray Scale
-900 —
-1000 —_ — Normal White—
~1100 — Sync Sync — Enhanced White —

Iref=1.115mA, R =37.5Q.
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Figure 2. Timing Diagram, Clocked Mode
(

-1.0V —

2
=- HZZMmmmm ez

1N _
. ran

N N

BRT

Sync
omv
tcop Nonenhanced
/ Output
Normat
1/21SB i
50% Enhancedj White
Out- Output
tSET
-1100 mV ' ]
Gray Gray
| Scale e Blank —+— Sync —+— Blank -| Scale
NOTES: 1. Single-ended clock used in production testing.

1
2. i differential clock is used, timing would be determined from the crossover point of the two clock signals.
3. It Convert is used in single-ended mode, timing would be measured from its falling edge.
4. Timing to output from data and controls is from Convert rising edge (threshold) to where the output

has changed to 50% of final value.
5. Reference current = 1.115 mA. Output load = 37.5 Q.
6. Waveform at Out + is inverted from that shown above.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
6-83




MC10324

Figure 3. Timing Diagram, Transparent Mode

(FT=1)
——»l tpo = v
BRT ’
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omv
50%
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Out- E [—
.

[<— IRFG [—j

7
T e e e
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NOTES: 1. Reference current = 1.115 mA. Output load = 37.5 Q.
2. Waveform at Out + is inverted from that shown above.
3. Timing from DO — D7 and Controls is to where output has changed to 50% of final value.

TRUTH TABLE
Inputs Outputs
Controls Data Out - Out +
Sync Blank Force High Bright D7-D0 (mA) (mv) (mA) (mV) Condition
1 X X X X 28.8 -1080 0 0 Sync
0 1 X X X 211 -790 7.7 -289 Blank
0 0 0 0 000.. 19.6 -736 9.1 -341 Normal Black
0 0 0 1 000.. 17.7 - 663 1.1 —-416 Enhanced Black
0 0 1 0 X 1.94 =73 26.8 -1005 Normal White
0 0 0 0 1., 1.94 -73 26.8 -1005 Normal White
0 0 0 1 11, 0 0 28.8 -1080 Enhanced White
0 0 1 1 X 0 0 28.8 —-1080 Enhanced White
NOTES: 1. Current flow is into the output pins.

2. Output voltage measured across a 37.5 Q resistor to AGnd.

3. Waveform at Out + is inverted from that at Out —.

4. Reference Current = 1.115 mA.
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DAC Gray Scale (DO - D7)

Within the Gray Scale (all 4 video controls = 0), the current
at Out — is controlled by the data inputs (DO — D7) according
to the following equation:

Iref X (255-A)

l0-(GS) = + (Iref X 1.74)

The current at Out + in the Gray Scale is determined by:

Ilref x A

lo+(GS) = -

+ (Iref x 8.18)

for the test value of lref = 1.115 mA, Ig — varies from 19.6 mA
to 1.94 mA as the digital inputs (A) vary from 0 to 255 (00H to
FFH), and lp 4 will vary from 9.12 mA to 26.8 mA. The data
inputs are overridden by Sync, BLK, or FH.

Figure 4 depicts a typical input stage configuration, and
Figure 8 indicates the typical input current. The threshold is
= —1.4 V, independent of VEg(D). An open input is
equivalent to a logic low, but good design practices dictate
that inputs should never be left open. The inputs must be
kept within the range of VEg(D) and DGnd. If an input is
taken more than 0.5 V above Gnd or below VEE(D)
excessive currents will flow, and the DAC output waveform
will be distorted.

Figure 4. Typical Input Stage

DGnd
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A To Next
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l -1.4v
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B
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DAC - Video Controls

The four video controls (Sync, BLK, FH, and BRT) are
logic level inputs, ECL compatible, which permit setting the
outputs to standard video levels. All four are active high. The
Truth Table on page 7 indicates their priority.

The Force High input (FH) overrides the data inputs
(DO - D7), setting the DAC inputs to all 1s (FFH). In
most applications, this is equivalent to the normal white
level. FH can be used with the BRT input to create an
enhanced white, but is overridden by Sync or BLK.

The Bright input (BRT) shifts the Gray Scale by =11% in
the high (white) direction. Typically this function is used to
provide an enhanced, or brighter display so as to highlight
certain portions of the screen. A highlighted cursor is a
typical example.

The current change at each output is equal to:

AlO(BRT) = Iref x 1.74

The current at |g — decreases in magnitude, while the
current at lp 4+ increases, when BRT is asserted. BRT is
ineffective when Sync or BLK are asserted, but can be used
at any point within the Gray Scale.

The Blank input (BLK) sets the output currents to the
blanking level used during horizontal and vertical retrace.
The current at Out - is:

10 — (BLK) = Irgf x 18.96
The current at Out + is:
10 + (BLK) = Irgf x 6.9

The BLK input will override the data inputs, FH and BRT,
but is overridden by Sync. Therefore, the BLK input may be
left asserted during the sync time.

The Synchronizing input (Sync) sets the output currents
to the sync level used for normal horizontal and vertical
picture synchronization.

The current at Out — is:

o — (Sync) = Iref x 25.86

The current at Out + will be leakage current only, typically
< 20 pA. The Sync input will override all other control inputs
as well as data inputs.

Feedthrough (FT) Input

With FT low, the internal registers are active, and the data
and video controls are clocked through to the DAC on the rising
edge of Pin 6 (Conv), oronthefalling edge of Pin 7. In this mode
the data bits (D7 — DO) which may appear asynchronously to
the MC10324 are then presented synchronously to the DAC,
reducing output glitches and noise. This mode is also useful
for synchronizing control functions with other events. While
hold times are typically 0 ns for all inputs, the setup times prior
to the clock edge must be observed.

With FT high, the registers are transparent and the data
and video controls feed through directly to the DAC. This
mode may be used if the data is presented to the MC10324
from external latches, which ensure minimum skew among
the data bits. In this mode Pins 6 and 7 are not used.

Figure 5. Convert Input Stage
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-1.3v s <
A A To Next
10k 10k 7 Saee

Conv * l/
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Convert Inputs

The Convert inputs (Pins 6 and 7) are used to clock in
data and the video controls to the internal registers only if
FT (Pin 8) is low. The input stage for these pins is shown
in Figure 5. The pins are internally biased at = -1.5 V
with a nominal input impedance of 10 kQ. The inputs may
be driven from complementary ECL clock signals with the
clocking action occurring on the rising edge of Conv and
the falling edge of Conv as the signals cross each other
in voltage.

A single-ended clock source may be used by connecting
either Pin 6 or 7 to a fixed voltage to set the threshold and
applying the clock signal to the other pin. If done this way,
the fixed voltage must be within the range of —0.3 V to
VEE(D) +1.3 V. Figure 6 shows three positive edge triggered
examples. Interchanging Pins 6 and 7 provides negative
edge triggered operation. Alternately the VBB reference of
another ECL circuit may be used to set the MC10324’s
clock reference.

Figure 6. Single-Ended Clock Input

620 r _____ r _____

L com I——ﬁ o
gk | 001 |
| |

VEE(D) = MC10324 I MC10324

| |
6 ! s'

Clock >—| I_Conv Clock >—J ‘—Conv

The input current required at each pin is shown in Figure 9,
and is independent of the clocking mode used.

If FT is high, the Convert pins are nonfunctional, and must
be connected to different voltages (e.g., VEE(D) and DGnd).
Leaving the pins open can result in high frequency
oscillations or spurious noise.

Conv and Conv must be kept within the range of DGnd
and VEE(D). If taken more than 0.5 V above DGnd or below
VEE(D) excessive currents will flow, and the DAC output
waveform will be distorted.

Reference Amplifier

The reference amplifier (Pins 14 to 16) is used to accept
the externally supplied reference current for the DAC current
switches (see Figure 7).

Ref + (Pin 15) is a low impedance (virtual ground) input
into which the reference current flows (current cannot flow

out of this pin). Due to the op amp’s internal feedback, the
voltage at Ref + is the same as that set at Ref —, with a typical
input offset of +5.0 mV. The current into Ref + should be
within the range of 0.5 mA to 1.7 mA to maintain 8-bit linearity
and accuracy. A reference current of 1.115 mA is
recommended to obtain EIA-170 and EIA-343-A voltage
levels at the outputs if they are terminated with 37.5 Q
(double 75 Q terminations).

Ref — is a high impedance input (>10 MQ) which must be
set to a voltage within the range of —0.8 to —1.7 V. A
nominal bias current of =~1.4 pA will flow into this pin. In
Figure 7, Iref = Vref/Rref.

Figure 7. Reference Amplifier

Ra = Rref
0.5 <lpef<1.7mA
-1.7V<Vief<-08V

Timing

Figures 2 and 3 are the timing diagrams for the MC10324.
Figure 2 is for the Clocked Mode where data and control
inputs are latched into the input registers by the Convert
(and/or Convert) inputs. If the clock signal is single-ended,
the data and control latching occurs on the rising edge of
Convert, or the falling edge of Convert. If a differential clock is
used, latching occurs at the cross-over point of the two
signals. The hold time for the data and controls is 0, but the
setup times must be observed. The clock duty cycle is not
important as long as the minimum pulse widths are observed.

Figure 3 is for the transparent (non-clocked) mode. The
output responds to the application of new data or control
inputs without the need for a clocking edge. The propagation
delay to the output is different for each of the data and control
signals. To prevent large glitches at the outputs, it is
imperative that the data bits (DO — D7) arrive at the MC10324
simultaneously with minimum skew. If the synchronism of the
8-bits cannot be guaranteed, either external latches should
be used (MC10H176 type), or the MC10324 should be used
in the clocked mode.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

6-86



MC10324

Power Supplies
The MC10324 requires a — 5.2 V supply for both VEE(A) and latches), and should be referenced to Digital Ground (Pin

and VEE(D), both + 10%. Nominal current requirements are 9). VEE(A) powers the analog portion of the IC (reference
47 mA and 19 mA, respectively, (including a total output amplifier and the DAC’s current sources), and should be
current of 29 mA). The supply current required at VEE(A) is referenced to Analog Ground (Pin 17). See the Applications
dependent on the total output current (Pin 18 plus Pin 19). Section for additional information on power supplies,

VEE(D) powers only the digital portion of the IC (control logic bypassing and PC board layout.

Figure 8. Input Current, Data and Controls Figure 9. Input Current, Convert Inputs
180 T T 200 T T v
— Vgg(D)=-52V /T | Vge()=-52V //
< 140 =
2 a2 0 v
& A = =
o 100 v w L~
3 -~ < 20 //
° 60 / 2 A
2 pul
g ,/ g L~
= P . -400 g
S 20 v £ /
'z [
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-60 -50 -40 -30 -20 -10 0 +1.0 -60 -50 -40 -30 -20 -10 0 +.0
Vin, INPUT VOLTAGE (V) Vin, INPUT VOLTAGE (V)

APPLICATIONS INFORMATION

Power Supplies, Grounding

The PC board layout and the quality of the power supplies The PC board tracks supplying —5.2 V to the MC10324
and the ground system at the IC are very important in order should preferably not be at the tail end of the bus
to obtain proper operation. Noise from any source coming distribution after passing through a maze of digital circuitry.
into the device on the VEE supply pins, or ground can cause The MC10324 should be close to the power supply, or the
an incorrect output code due to interaction with the analog connector where the supply voltages enter the board. If the
portion of the circuit. At the same time, noise generated supply lines are supplying considerable current to other
within the MC10324 can cause incorrect operation if that parts of the board, then it is preferable to have dedicated
noise does not have a clear path to AC ground. lines from the supply or connector directly to the MC10324.

Both the analog and digital power supplies must be The two ground pins (DGnd and AGnd) must eventually be
decoupled to the appropriate ground at the IC (within 1” connected together, usually near the power supply, although
max) with a 10 pF tantalum and a 0.1 pF ceramic. Tantalum the specific board layout may dictate a different “best point.”
capacitors are recommended since electrolytic capacitors VEE(D) must be referenced to DGnd, and VEE(A) must be
simply have too much inductance at the frequencies of referenced to AGnd.

interest. The quality of the supplies should then be checked
at the IC with a high frequency scope. Noise spikes (always PC Board Layout

present when digital circuits are present) can easily exceed Due to the high frequencies involved, and in particular, the
400 mV peak, and if they get into the analog portion of the IC, fast edges of the various digital signals, proper PC board
the operation can be disrupted. Noise can be reduced by layout is imperative. A solid ground plane is strongly
inserting resistors and/or inductors between the supplies and recommended in order to have known transmission
the IC. characteristics, and also to minimize coupling of the digital
If switching power supplies are used, there will usually signals into the analog section. Use of wire wrapped boards
be spikes of 0.5 V or greater at frequencies of 50 kHz to should definitely be avoided.
1.0 MHz. These spikes are generally more difficult to Each PC track should be considered a transmission line,
reduce because of their greater energy content. In extreme and if they are of any considerable length (more than a few
cases three terminal regulators (MC7905.2CT), with inches), they should be terminated according to transmission
appropriate high frequency filtering should be used and line theory. Otherwise reflections back to the signal sources
dedicated to the MC10324. can occur, disrupting their operation. Additionally, the
The ripple content of the supplies should not allow their overshoots and undershoots which will occur at the
magnitude to exceed the values in the Recommended MC10324’s input pins can cause its operation to be
Operating Conditions. disrupted, resulting in a noisy or incorrect output.
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Figure 10. Reference Supply
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Reference Circuits

Since the accuracy of the outputs are directly related to the
accuracy and quality of the reference current and voltage, it
is imperative that accurate and stable references be used at
Pins 14 and 15. The voltage supply used for the digital
circuitry should preferably notbe used as a source for either
the reference current or voltage due to the noise spikes and
ripple present on the supply and its ground lines.

Figure 10 indicates a method for generating the reference
signals from a positive supply. The MC1403 reference is a
stable 2.5 V bandgap regulator (£ 1%), with a maximum
temperature coefficient of 40 ppm/°C, and good ripple and
high frequency noise rejection. In the figure the circuit
supplies —1.48 V to Pin 14, and a current of 1.113 mA to Pin
15. If the outputs of the MC10324 are terminated with 37.5 Q,
the voltage levels will be well within the allowable range
specified by EIA-170 and EIA-343-A.

Figure 11. Reference Supply

MC10324

L y 15

! Jot
0.1 -['
[;r 5.0k S 14
TL431 »—j | 10Turn

2.4k 3

S 1.0k

VEE(A)

If the analog — 5.2 V supply (VEE(A)) is fairly clean and
free of digital noise the circuit of Figure 11 may be used.
The TL431 is a stable 2.5 V bandgap reference (+ 1%) with
an effective temperature coefficient of 50 ppm/°C. The 5 k
pot allows adjustment for precise output levels, or it may be
replaced with a precision resistor which provides the correct
voltage at Pin 14.

Figure 12 indicates another reference circuit using the
LM385-1.2 reference diode. Ryef is chosen to provide the
desired reference current to Pin 15 knowing that it is set at
—-1.235 V. The LM385 is a bandgap type reference with a
+ 2% initial accuracy. The 20 k resistor biases the diode at
approximately 200 pA for minimum temperature variations.
The 0.2 pF capacitor, with the 20 k resistor, filters out noise
above ~ 40 Hz.

Figure 12. Reference Supply

MC10324

L]
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Digitally Modulating an Analog Signal

The MC10324 may be used to digitally modulate (or
attenuate) an analog signal by applying the analog signal to
the reference amplifier. Three methods of doing this are
shown in Figures 13 to 15.

Figure 13. Applying an Analog Signal Directly

Ra = Ret
[-1.7V < Vigf < - 0.8V]

Figure 14. Capacitor Coupling the AC Voltage

Ra = Rref
[-1.7V < Vief < - 0.8V]

Figure 15. Applying a Modulating Current

Vac
Rref
Ra
Vret
Ra = Rref

[-1.7V < Ve < - 0.8V]

In all three examples the DC reference currentis Vyef/Rref.
In Figure 13 the AC signal source is referenced to a negative
voltage source (Vref). In Figures 13 and 14 the AC reference
current is equal to VAC divided by Ryef. In Figure 15 the AC
reference current is equal to VAC divided by Rp. The AC
signal at Out — and Out + is determined by the following
equations:

Iref(AC) X (255-A) x R
16

Vo-(AC)=

Iref(AC) X AX RL
16

where “A” is the value of the digital word at DO — D7 (0 to 255).
When implementing any of the above schemes, or any
other method of feeding an AC signal to the reference
amplifier, the following operating limits must be observed:
1) The peak values of the reference current
(AC + DC) must be within the range of 0.5 mA
to 1.7 mA into Pin 15;

2) The peak values of the voltage at Ref + and Ref —
must be within the range of - 0.8 V to -1.7 V;

3) The peak values of the voltage at Out — and Out +
must be within the range of -1.7 V to + 0.3 V.

The maximum frequency which can be handled by the
reference amplifier is dependent on the compensation
capacitor (Cc) at Pin 16, and the signal amplitude according
to the following equation:

Vo +(AC) =

159x10-8

Cc x Ipk
where Ipk is the peak value of the AC reference current (1/2 of
the peak-to-peak value). The small signal bandwidth of the
reference amplifier is = 3.0 MHz.

Components associated with the reference amplifier (Pins
14 - 16) should be physically close to the pins. The board
layout should be neat, preventing unwanted stray capacitive
coupling between the outputs and the reference amplifier. If
Cc is smaller than 5000 pF a ground plane is strongly
recommended. Cc should not be smaller than 250 pF.

fmax=

TYPICAL APPLICATION CIRCUITS

Figure 16 shows a typical video application circuit
using the MC10324 in the clocked mode. The clock is
single-ended, and the circuit updates the output on the
rising edge of the clock. The Out — pin feeds a standard
75 Q monitor through a 75 Q cable, which is terminated
at both ends. The reference voltage is supplied by an
LM385-1.2 regulator.

Figure 17 shows a circuit similar to that of Figure 16,
except the MC10324 is used in the transparent mode. The
source of the data bits must provide the 8-bits
simultaneously, with minimum skew, to keep output glitches
to a minimum. If latches, or other antiskew circuitry, are not
available within the microprocessor circuitry, a set of 8-bit
latches between it and the MC10324 is recommended, or the
MC10324 should be used in the clocked mode.
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Figure 16. Clocked Mode
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NOTES: 1. Gray Scale inputs, video controls, and clock are to be referenced to digital ground.
2. Outputs and reference circuitry are to be referenced to analog ground.
3. PC board layout to be such that digital noise does not get into the analog side circuitry.
4. Analog and digital grounds to be connected together. Location of this connection is board
layout dependent,and is to be such that digital ground noise does not show up in the analog signals.
5. ECL termination required at all inputs per ECL system requirements.
Figure 17. Transparent Mode
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GLOSSARY

Bandgap Reference — A voltage reference circuit based on
the predictable base-emitter voltage of a transistor. The
silicon bandgap voltage of =1.2 V is the basis for generating
other voltages which are stable with time and temperature.
Bipolar Input — A mode of operation whereby the analog
input (of an A-D), or output (of a DAC), includes both negative
and positive values. Examples are:—5.0 Vto+5.0V,-2.0V
to+8.0V, etc.

DAC Current Gain — The internal gain the DAC applies to
the reference current to determine the full scale output
current. The actual maximum current out of a DAC is one
LSB less than the full scale current.

Differential Gain — In video systems, differential gain is a
component’s change in gain as a function of luminance level.
In a color picture, contrast will be affected if the differential
gain is not zero.

Differential Nonlinearity — The maximum deviation in the
actual step size (one transition level to another) from the ideal
step size. The ideal step size is defined as the Full Scale
Range divided by 2N. This error must be within + 1 LSB for
proper operation.

Differential Phase — In video systems, differential phase is
the change in the phase modulation of the chrominance as a
function of the luminance level. The hue in a color picture will
be distorted if the differential phase is not zero.

ECL — Emitter coupled logic.

Full Scale Range — The difference between the minimum
and maximum end points of the analog input (of an A/D), or
output (of a DAC), plus one LSB.

Gain Error — The difference between the actual and
expected gain (end point to end point), with respect to the
reference, of a data converter. The gain error is usually
expressed in LSBs, or percent.

Glitch Area — The energy content of a glitch, specifically in
volt-seconds. It is the area under the curve of the glitch
waveform. For a symmetrical glitch, the area and the energy
can be zero.

Gray Code — Also known as reflected binary code, is a digital
code such that each code differs from adjacent codes by only
one bit. Since more than one bit is never changed at each
transition, race condition errors are eliminated.

Integral Nonlinearity — The maximum error of an A/D or
DAC, transfer function from the ideal straight line connecting
the analog end points. This parameter is sensitive to
dynamics, and test conditions must be specified in order to
be meaningful. This parameter is the best overall indicator of
the device’s performance.

LSB - Least Significant Bit. It is the lowest order bit of a
binary code.

Line Regulation — The ability of a voltage regulator to
maintain a certain output voltage as the input to the regulator
is varied. The error is typically expressed as a percent of the
nominal output voltage.

Load Regulation — The ability of a voltage regulator to
maintain a certain output voltage as the load current is varied.
The error is typically expressed as a percent of the nominal
output voltage.

Monotonicity — The characteristic of the transfer function
whereby increasing the input code (of a DAC), or the input
signal (of and A/D), results in the output never decreasing.
Nonmonotonicity occurs if the differential nonlinearity
exceeds + 1 LSB.
MSB - Most Significant Bit. It is the highest order bit of a
binary code.
Natural Binary Code — A binary code defined by:
N =Ap2N + ... + A323 + A22 4+ A121 + Ag20
where each “A” coefficient has a value of 1 or 0. Typically, all
zeros correspond to a zero input voltage of an A/D, and all
ones correspond to the most positive input voltage.
Nyquist Theory — See Sampling Theorem.
Offset Binary Code — Applicable only to bipolar input (or
output) data converters, it is the same as Natural Binary
code, except that all zeros correspond to the most negative
output signal (of a D/A), while all ones correspond to the most
positive output.
Output Compliance — The maximum voltage range to
which the DAC outputs can be subjected, and still meet
all specifications.
Power Supply Rejection Ratio — The ability of a device to
reject noise and/or ripple on the power supply pins from
appearing at the outputs. An AC measurement, this
parameter is usually expressed in dB rejection.
Power Supply Sensitivity — The change in a data
converter's performance with changes in the power supply
voltage(s). This parameter is usually expressed in percent of
full scale versus AV.
Propagation Delay — Fora DAC, the time from when the clock
inputcrossesits threshold towhen the DAC output(s) changes.
Quantization Error — Also known as digitization error or
uncertainty. It is the inherent error involved in digitizing an
analog signal due to the finite number of steps at the digital
output versus the infinite number of values at the analog
input. This error is @ minimum of + 1/2 LSB.
Resolution — The smallest change which can be discerned
by an A/D converter, or produced by a DAC. It is usually
expressed as the number of bits (n), where the converter has
2N possible states.
Sampling Theorem — Also known as the Nyquist Theorem.
It states that the sampling frequency of an A/D must be no
less than 2x the highest frequency (of interest) of the analog
signal to be digitized in order to preserve the information of
that analog signal.
Settling Time — For a DAC, the time required for the output to
change (and settle in) from an initial +1/2 LSB error band to
the final + 1/2 LSB error band.
Two’s Complement Code — A binary code applicable to
bipolar operation, in which the positive and negative codes of
the same analog magnitude sum to all zeros, plus a carry. It
is the same as offset binary code, with the MSB inverted.
Unipolar Input — A mode of operation whereby the analog
input range (of an A/D), or output range (of a D/A), includes
values of a single polarity. Examples are:
0to+10V,0t0—-5.0V,+2.0Vto+8.0V,etc.

Additional

istics of PC board tracks can be found in

g g the |
Motorola’s MECL System Design Handbook (HB205).
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Interface Circuits

In Brief ...

Described in this section is Motorola’s line of interface
circuits, which provide the means for interfacing
microprocessor or digital systems to the external world, or
to other systems.

Also included are devices which allow a micro- processor
to communicate with its own array of memory and peripheral
/O circuits.

The line drivers, receivers, and transceivers permit
communications between systems over cables of several
thousand feet in length, and at data rates of up to several
megahertz. The common EIA data transmission standards,
several European standards, IEEE-488, and IBM 360/370
are addressed by these devices.

The peripheral drivers are designed to handle high
current loads such as relay coils, lamps, stepper motors, and
others. Input levels to these drivers can be TTL, CMOS, high
voltage MOS, or other user defined levels. The display
drivers are designed for LCD or LED displays, and provide
various forms of decoding.
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Enhanced Ethernet Serial Transceiver (EEST)

MC68160P
TA = 0°to +70°C, Case 848D

The MC68160 is a BICMOS integrated circuit for use in Connection to the twisted pair media is accomplished with
ethernet applications. The IC integrates the Attachment Unit common 10BASE-T filters and transformers. The AUl requires
Interface  (AUI), the 10BASE-T interface and the standard transformers. (The EEST is packaged in a 52-pin
communications controller interface. The communications Thin Quad Flat Pack.)

interface is compatible with Motorola, AMD, Intel, National
Semiconductor, Fujitsu, Western Digital controllers and is set
by the bias of external pins.

45.0 Vde

o1 pF
b 1opF

VDDDIG
VDDFM
VvDDVCO
VDDDIV
VDDDIG
VDDANA
VDDPWR
VDDPWR

% 30 .
450Vde > TXLED acx i} /‘_\®
x T meE |- —1®
TENA 1P e ___@
o] T Acxs |010F®% S|{C I l———— ®
50V 4| RXLED ATX- Dile [O) @ | | o-comestr
RX élzé ® & | ( eAuDen
:gNul(\ ATX+ @ @ Cable
0039 uF 2900 ARX- o1
i MFILT TRt { g ® ®
2 3900 pF 01uF93 Hlle
g 15,0 Vo epiw—| cLLep ARX+ it \ /
3 R 300 | ooy
330Q
5 1 [—ie-\W\—] TPJABB
k| % 200 MC68160
] 5.0 Vde $-PH—W—} TPLIL 10
5 * @
§ S0 H®)| | T t0Base
Cst @ Twisted Pair
Cs2 i @ Interface
TPEN 2 ®
—»| APORT
—»! TPAPCE W0 -
—»{ TPSQEL TPPLR —AMW—ie4 450 Vdc
— TPFULDL 0 _QOweosSTE o %
o gEERBEEES
Xt x2» 65565588558
o TL 111
pF
T—IT75 pF
Communication Controller Selection
CS0 | CS1 | CS2 | 802.3 Communication Controller
1 1 0 | Motorola MC68360, AMD 7990 & 79C900
0 1 0 | Intel 8256, 82590, 82593, 82596
1 0 0 | Fujitsu MB86950, MB86360
0 0 0 | National 8390, 83C690, 839328
1 1 1 Standby Low Current Mode
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High Performance Decoder Driver/Sink Driver

MC34142DW, FN
Ta = 0°to +70°C, Case 751F, 776

The MC34142 is a high performance 4 to 16 multiplexed
driver. This integrated circuit features a 4 to 16 decoder,
16 open drain N-channel MOS output devices with clamp
diodes. The outputs are controlled by 4 address inputs, an
output enable, and a chip enable.

Typical applications include solenoid drivers, LED drivers,
lamp drivers, and relay drivers.

—O Ki
Output —O Output1
Enable —0O Output 2
—O Output 3
= —0 Output 4
| —o Output 5

| —O Output 6
—O Output 7
Output 8
Chip o— %_
Enable

A O—f N

K2

Output9

Output 10
Output 11
Output 12
Output 13
Qutput 14
Qutput 15
Qutput 16

b o—

A RRIRES

Decoder

40— =

D

666666l <L

ISO 8802-3[IEEE 802.3] 10BASE-T Transceiver

MC34055DW, P
TA = 0°to +70°C, Case 751E, 724

The Motorola 10BASE-T transceiver, designed to
comply with the ISO 8802-3[IEEE 802.3] 10BASE-T
specification, will support a Medium Dependent Interface
(MDI) in an embedded Media Attachment Unit (MAU). The
interface supporting the Data Terminal Equipment (DTE) is

TTL, CMOS, and raised ECL compatible, and the interface
to the Twisted Pair (TP) media is supported through
standard 10BASE-T filters and transformers. Differential
data intended for the TP media is provided a 50 ns
pre-emphasis and data at the TP receiver, is screened by
Smart Squelch circuitry for specific threshold, pulse width,

and sequence requirements.

Loop Back
50V 50V
oW Test Select
Balun 18 /5 Vcc 6 & CC(DIG/ANA)
o x r— - - ——— — =————"
faaasl + |
- - 2 TXDataA
X o§| ‘ g TX- zl 2t TP Ditferential Driver Data Out ;l'ransmn CMOS
- AR and Control a— - nput ECL <—P 3 TXDaaB
Fiter 20 - Diver | and  TTLCMOS
I # | Pre-Emphasis r Control WW
| J_‘ Jabber Disable v | 4 AxDama
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. TTL/CMOS [
Loop Back —»(*— Loop Back Detect [ gai"‘ " H ECL—>D9 RXDataB
TestSelect 11 o TTLCMOS —:B—'
| Ll Transmit ldle and 10 RXENH
. | B Timer Control |
- 1 Y RXt ) i . Dataln | CTLH SiA
o wl® TP DI Receiver Colision =
- feaaal ;5 W/Smart Squelch Detect  TTL/CMOS ml
L Filter | Collision 1»{ Outputs |
| Full Duplex Disable Announcement |
FULLDD Duplex Mode
oo sy [ e LI
elect 17] Collision Test Jabber TTL/ICMOS
| | Link Fail Disable I l |
LNKFLH | Clock } :
Voo Oscillator Signal 22 SQEENL
I 12| TTL/CMOS Quality TTLICMOS [<—>e—————
2kQ | ) > Error |
LEDParté | _ __
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I
— e e ——— — — — — —_—— -
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ANA DiG Clk+ Ck- Ok
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Mode Select
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Microprocessor Bus Interface

Motorola offers a spectrum of line drivers and receivers features, such as hysteresis, short circuit protection, clamp
which provide interfaces to many industry standard diode protection, or special control functions.
specifications. Many of the devices add key operational

Address and Control Bus Extenders

These devices are designed to extend the drive capabilities of today’s standard microprocessors. All devices are fabricated
with Schottky TTL technology for high speed.

opa

McsTo7/ | Le2o
Mcess? | Pieas

Noninverting

1 MC8T98/ Inverting
MC6888
Hex 3-State Buffers/Inverters U
T = 0°to +75°C Enaie 4 Eb—D— [76) Vee
The noninverting MC8T97/MC6887 and inverting Input A [Z] 5] Evabie2
MC8T98/ MC6888 provide two Enable inputs, one controlling

.
four buffers and the other controlling the remaining two buffers. OutputA 3]

@4 E Sl
MC8T97/MC6887(1) — Noninverting Input B E@ E [13] OutputF

(1)These devices may be ordered by either of the paired numbers.
Input C [

output ¢ [T [10] Input D
Gnd E EE Output D
*Add Inverter for
MC6888/MC8T98.

1) — i .
MC8T98/MC6888(1) — Inverting output [5] @ IoputE

Microprocessor Data Bus Extenders
 Oriver Characteri Recelver Characterl

48 14 14 4 MCB8T26A P/648 Inverting Logic
(MC6880A) L/620

Magnetic Read/Write

=

bk

MC3471 Tunnel/Straddle Erase Controller. Provides entire interface between floppy disk heads and P/738
the head control and write data signals for straddle erase heads.
MC3470, A Floppy Disk Read Amplifier System. A monolithic read amplifier system for reading 010+ 70 P/707

differential AC signals from the magnetic head and converting to a digital output.

MC34167 Magnetic Tape Sense Amplifier. Trace independent preamplifiers with individual gain
control. Optimized for use with 9-track magnetic tape memory systems.
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Single-Ended Bus Transceivers
For Instrumentation Bus, Meets GPIB/IEEE Standard 488

Driver Characteristics Receiver Characteristics

Output | Propagation Propagation
Current Delay Delay Transceivers Suffix/
(mA) Max (ns) Max (ns) Per Package Device Package Comments
48 30 50 8 MC3447 P3/724 | Input hysteresis, open collector,
L/623 3-state outputs with terminations
P/649
17 25 4 MC3448A P/648 | Input hysteresis, open collector,
D/751B | 3-state outputs with terminations
L/620

For High Current Party-Line Bus for Industrial and Data Communications
Driver Characteristics Receiver Characteristics

Output Propagation Propagation
Current Delay Delay Transceivers Suffix/
(mA) Max (ns) Max (ns) Per Package Device Package Comments
100 15 15 4 MC26S10 P/648 | Open collector, outputs, common
D/751B | enable
L/620
Line Receivers
General Purpose ‘
S = Single tprop | Party o -
Ended | Type (1) elay Line | Strobe | Power Receivers : ;
D = Differ- of Time Opera- or Supplies Suffix/ Per Companion
ential | Output ‘| Max (ns) | tion | Enable (W) Device Package | Package Drivers Comments
D . 25 v v £5.0 |[MC3450 D/751B 4 MC3453 Quad version of
oc MC3452 P/648 MC75107/108
L/620
TP 4 v MC75107 P/646 2 MC755110 | Dual version of
oc MC75108 L/632 MC3450/2
S TP 30 v Vv +5.0 |MC3437 P/648 6 Input hysteresis
L/620
(oc = Open Collector, TP = Totem-pole output
ElIA Standard
S = Single tprop Party :
Ended | Type elay Line | Strobe | Power , o Receivers
D = Differ- of Time | Opera- or | Supplies i Suffix/ Per Companion
ential | Output [Max(ns) | tion | Enable V) Device Package | Package Drivers Comments
S TP 4000 — — +5.0 MC14C89B P/646 4 MC14C88B | EIA-232-D/
MC14C89B | D/751A EIA-562
s R(2) 85 — — MC1489 D/751A MC1488 EIA-232-D
MC1489A P/646
L/632
S, D TP 30 v v AM26LS32 P/648 AM26LS31 | EIA-422/423
MC3486 D/751B MC3487
L/620
35 Vv Vv SN75173 N/648 MC75172B | ElA-422/423/
SN75175 D/751B MC75174B | 485

(2)R = Resistor Pull-up, TP = Totem-pole output
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Line Drivers

| |Recewes| |
| suffixx | Per |Companion| L
1 ‘Device | Package | Package e Drivers | Comments
MC3453 P/648 4 MC3450 Quad version of
L/620 MC3452 MC75S110
v "4 MC75S110 P/646 2 MC75107 | Dual version of
L/632 MC75108 MC3453
360/370 I/O Interface
60 45 S +5.0 MC3481 P/648 4 Short circuit
L/620 Fault flag
MC3485 P/648
tandard
obe | pover | ecoten |
or |Supplies| | suffiv Per  |Companion| L
_ | Enable _L(V) ! Device | Package | Package | Drivers Comments
v +5.0 MC75172B N/648 4 SN75173 EIA-485
MC75174B J/620 SN75175
v 4 MC3487 P/648 MC3486 EIA-422
D/751B with 3-state
L/620 outputs
v v AM26LS31 PC/648 AM26LS32
DC/620
MC26LS31 D/751B MC26LS32
20 S - —_ +12 MC3488A P1/626 2 MC3486 ElA-423/232-D
(1A9636A) | D/751B AM26L532
U/693
15 3500 +7.0to | MC14C88B P/646 4 MC14C89B | EIA-232-D/
+12 D/751A MC14C89B | EIA-562
10 350 +9.0to |MC1488 P/646 MC1489 EIA-232-D
+12 D/751A MC1489A
L/632
60 300 S/D 422V +5.0 AM26LS30 PC/648 2(422) AM26LS32 | ElIA-422
423 — 4(423) | MC3486 EIA-423
MC26LS30 D/751B MC26LS32 | Switchable

L .

| Driver: Rf’eoe&yer's .

. ~Per | pPer | E u
| Devic Package | Package | Standard
MC34050 2 2 EIA-422

MC34051
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ElA-232-D/V.28 CMOS Drivers/Receivers

Device Suffix/Package Pins Drivers Receivers | Power Supplies (V) Features
MC145403 P/738 20 3 5 +5.0t0+12
DW/751D
MC145404 P/738 4 4
DW/751D
MC145405 5 3
MC145406 P/648 16 3
DW/751G
MC145407 P/738 20 +5.0 Charge Pump
DW/751D
MC145408 Pr724 24 5 5 +5.0to+12
DW/751E
MC145705 P/738 20 2 3 +5.0 Charge Pump, Power Down
DW/751D
MC145706 P/738 3 2
DW/751D
MC145707 P/724 24 3
DW/751E

Peripheral Drivers

Output
Current Propagation | Output Off State Drivers
Capability Input Delay Time Clamp Voltage Per Suffix/ Logic
(mA) Capability Max (us) Diode Max (V) Device Packag Packag Functi
300 TTL, DTL 1.0 v 70 MC1472 2 P1/626 NAND
500 TTL, CMOS, ULN2801 8 N707 Invert
PMOS
14Vto25V 50 ULN2802
PMOS
TTL, CMOS ULN2803
6.0Vto15V ULN2804
MOS
TTL, CMOS MC1411,B 7 P/648
PMOS (ULN2001A)
14Vto25V MC1412,B
PMOS (ULN2002A)
TTL, 5.0V MC1413,B
CMOS (ULN2003A)
80Vto18V MC1416,B
MOS (ULN2004A)
TTL, 5.0V 0.15 35 MC34142 16 FN/776 1 of 16 Power
CMOS DW/751F Decoder
1500 TTL, 5.0V 1.0 50 ULN2068B 4 B/648C Invert
CMOS
IEEE 802.3 Transceivers
Device | Power Supply 10 BaseT NRZ IEEE Comments Suffix/Package
MC34055 +5.0 vdc Transmit and Raised | 802.3 Type | Transceiver with non-return to zero (NRZ) DW/751E
Receive over ECL, 10BaseT | interface. Intended for but not restricted to P/724
4 Pins CMOS concentrators and repeator applications.
MC68160 +5.0 vdc Transmit and TTL, 802.3 Type | Interfaces gluelessly to Motorola’s MC68360 P/648
Receive over CMOS 10BaseT/ | communications controller.
4 Pins AUI/NRZ

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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CMOS Display Drivers

These CMOS devices include digit as well as matrix drivers range of end equipment such as instruments, automotive
for LEDs, LCDs, and VFDs. They find applications over a wide dashboards, home computers, appliances, radios and clocks.

Display Drivers

-apal
7 Input Format er Package evic
LCD Parallel BCD 7 Segments MC14543B
(Direct Drive) Blank, Ripple Blank MC145448
33 Segments 20 pA MC145453
Serial Binary or Dots
Muxed LCD [Cgm.pT',',b'e. “{1"" ‘:‘e 48 Segments ~ 200 pA MC145000
(1/4 Mux) erial Periphera or Dots
Interface (SPI) on
CMOS MCUs] 44 Segments MC145001
or Dots
LED, Parallel BCD 7 Segments Blank, Lamp Test 25 mA MC14511B
Incandescent, :
Fiuorescent(1) Blank, Ripple Blank, MC14513B
Lamp Test
Blank 65 mA MC14547B
Muxed LED Serial Binary 4 Digits + Vv Oscillator 50 mA MC14499
(1/4 Mux) [Compatible with the Decimals (Scanner) (Peak)
(1/5 Mux) Serial Peripheral 5 Characters + Oscillator (Scanner), 0to 35 mA MC14489
Interface (SPI) on Decimals or 25 Low-Power Mode, (Peak)
CMOS MCUs] Lamps Dimming Adjustable
LED Parallel Hex 7 Segments + 10 mA(2) MC144954 1
(Direct Drive) A thru F Indicator
(Interfaces to Parallel BCD 7 Segments Ripple Blank, MC14558B
Display Drivers) Enable

(1)Absolute maximum working voltage = 18 V
(2) On-chip current-limiting resistor

Functions
B i , t ackag

MC14489 Multi-Character LED Display/Lamp Driver __;:;é 751D
MC1449541 Hexadecimal-to-7 Segment Latch/Decoder ROM/Driver 648, 751G
MC14499 4-Digit 7-Segment LED Display Decoder/Driver with Serial Interface 707, 751D
MC14511B BCD-to-7-Segment Latch/Decoder/Driver 620, 648
MC14513B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking 726, 707
MC14543B BCD-to-7-Segment Latch/Decoder/Driver for Liquid Crystals 620, 648
MC14544B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking 726, 707
MC14547B High-Current BCD-to-7-Segment Decoder/Driver 620, 648
MC14558B BCD-to-7-Segment Decoder 620, 648
MC145000 48-Segment Serial Input Multiplexed LCD Driver (Master) 709,776
MC145001 44-Segment Serial Input Multiplexed LCD Driver (Slave) 707,776
MC 145453 33-Segment, Non-Multiplexed LCD Driver with Serial Interface M,777

+Replace ¢ with package identifier (see product data).

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Interface Package Overview

Y

CASE 620 CASE 623 CASE 626
CERAMIC CERAMIC PLASTIC
D, DC, J, L SUFFIX L SUFFIX P1 SUFFIX

CASE 646 ~ CASE 648, 648C
PLASTIC ' PLASTIC

P SUFFIX ‘B, N, P, PC SUFFIX

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA ‘
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Interface Circuits

Device

AM26LS30
AM26LS31
AM26LS32
MC1411,B, MC1412,B,
MC1413,B, MC1416,B
MC1472

MC1488

MC1489,A
MC14C88B
MC14C89B, MC14C89AB
MC26S10

MC3437

MC3447

MC3448A

MC3450, MC3452
MC3453

MC3467

MC3469

MC3470, MC3470A
MC3471

MC3481, MC3485
MC3486

MC3487

MC3488A

MC6875, MC6875A
MC8T26A

MC8T97, MC8T98
MC75107, MC75108
MC34050, MC34051
MC34142
MC75172B
MC75174B
MC75S110
SN75173, SN75175
ULN2068B
ULN2801, ULN2802,
ULN2803, ULN2804

Function Page
Dual Differential/Quad Single-Ended Line Drivers .................... 7-11
Quad Line Driver with NAND Enabled Three-State Outputs ........... 7-22
Quad EIA-422/423 Line Receiver ............oviiiennniennnn.. 7-25
High Voltage, High Current Darlington Transistor Arrays .............. 7-37
Dual Peripheral-High-Voltage Positive “Nand” Driver ................. 7-41
Quad Line Driver .. ... e e 7-44
QuadLine Receivers . ........ooviiiiiii i e 7-50
Quad Low Power Line Driver . ...t 7-55
Quad Low Power Line Receiver ..............c.coiiiiiiiiiinennn, 7-61
Ouad Open-Collector Bus Transceiver ............c.ccvvivenuennnn.. 7-66
Hex Bex Receiver with Input Hysteresis ............................ 7-69
Bidirectional Instrumentation Bus (GPID) Transceiver ................ 7-72
Bidirectional Instrumentation Bus (GPIB) Transceiver ................ 7-78
Quad MTTL Compatible Line Receivers ............................ 7-83
MTTL Compatible Qud Line Driver ..................cooiiiiiiiiun, 7-90
Triple Wideband Preamplifier with Electronic Gain Control (EGC) ...... 7-94
Floppy Disk Write Controller ..., 7-99
Floppy Disk Read Amplifier ............... ..ot 7-109
Floppy Disk Write Controller/Head Driver ..................ccoovue. 7-123
Quad Single-Ended Line Driver. ..o, 7-134
Quad EIA-422/423 Line Receiver ..........c.coiiiiiiiiiiiinninnn, 7-139
Quad Line Driver with Three-State Outputs ......................... 7-142
Dual EIA-423/EIA-232D Line Driver .........ccovviuiiiiiiininennns 7-146
MC6800 Clock GENerator . . . .....cuuueii e eiie i anns 7-150
Quad Three-State Bus Transceiver .................coiiiiiiiinn.. 7-28
Hex Three-State Buffer Inverters ............. ... ... ..o 7-33
Dual Line RECEIVEIS ... ...ttt 7-172
Dual EIA-422/423 TransCeIVEr . .........eiueiiiii i 7-161
High Performance Decoder/SinkDriver ............cccviviiienannn.. 7-168
Quad EIA-485 Line Drivers with Three-State Outputs ................ 7-182
Quad EIA-485 Line Drivers with Three-State Outputs ................ 7-182
Monolithic Dual Line Drivers ............coiuiiiiiiiiiiniininanns 7-177
Quad EIA-485 Line Receivers . ... 7-193
Quad 1.5 A Sinking High Current Switch ............................ 7-198
Octal High Voltage, High Current Darlington Transistor Arrays ......... 7-202
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MOTOROLA

SEMICONDUCTOR S
TECHNICAL DATA

Advance Information

Dual Differential (EIA-422-A)/
Quad Single-Ended (EIA-423-A)
Line Drivers

The AM26LS30 is a low power Schottky set of line drivers which can be
configured as two differential drivers which comply with EIA-422-A standards, or
as four single-ended drivers which comply with EIA-423-A standards. A mode
select pin and appropriate choice of power supplies determine the mode. Each
driver can source and sink currents in excess of 50 mA.

In the differential mode (EIA-422-A), the drivers can be used up to 10 Mbaud.
A disable pin for each driver permits setting the outputs into a high impedance
mode within a 10 V common mode range.

In the single-ended mode (EIA-423-A) each driver has a slew rate control pin
which permits setting the slew rate of the output signal so as to comply with
EIA-423-A and FCC requirements and to reduce crosstalk. When operated from
symmetrical supplies (+5.0 V), the outputs exhibit zero imbalance.

The AM26LS30 is available in a 16-pin plastic DIP and surface mount package.
Ambient operating temperature range is —40° to +85°C.

® Operates as Two Differential EIA-422-A Drivers, or Four Single-Ended
EIA-423-A Drivers

AM26LS30

DUAL DIFFERENTIAL/
QUAD SINGLE-ENDED
LINE DRIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

PC SUFFIX
PLASTIC PACKAGE
CASE 648

@ High Impedance Outputs in Differential Mode
® Short Circuit Limit In Both Source and Sink Modes
e + 10 V Common Mode Range on High Impedance Outputs
® + 15V Range on Inputs
® Low Current PNP Inputs Compatible with TTL, CMOS, and MOS Outputs
® |ndividual Output Slew Rate Control in Single-Ended Mode
® Replacement for the AMD AM25LS30 and National Semiconductor DS3691
BLOCK DIAGRAMS
SINGLE-ENDED MODE DIFFERENTIAL MODE
EIA-423-A EIA-422-A
SRA Enabio AB —
2
Input A —I; OutA 2 15
Input A 14 OutA
SR-B out8
|nputB——I;0utB 7 1 oue
12 SRC Input D 10 outD
Input C —g OutC ______ 6
9 Enable CD
SR-D
7 10 Voo —1 Gnd—5
Input D OutD VEg—8 Mode —4

D SUFFIX
PLASTIC PACKAGE
16 CASE 751B
1 (SO-16)
PIN CONNECTIONS
[ /]
vee [T 16] SRA
inputA [ 2] [15] OutputA
Input B/
Enable AB LS [14] Ouput8
Mode [ 2 i3] sr8
and[5 % SRC
Input C/

Erable C L& 11] Output ©
Input [ 7] | 0] OutputD
e T ] sm0
(Top View)

ORDERING INFORMATION
Ambient
Temperature Package
Part No. Range Type
AM26L.S30PC | . Plastic DIP
MC26LS30D | —40°to+85°C SO-16

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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AM26LS30
MAXIMUM OPERATING CONDITIONS

Rating Symbol Value Unit

Power Supply Voltage Vee -0.5, +7.0 Vdc
VEE -7.0, +0.5
Input Voltage (All Inputs) Vin -0.5, +20 Vde
Applied Output Voltage when in High Impedance Mode Vza +15 Vdc
(Vcc = 5.0V, Pin 4 = Logic 0, Pins 3, 6 = Logic 1)

Output Voltage with Vo, VEE =0 V Vzb +15
Output Current lo Self limiting —
Junction Temperature Ty —65, +150 °C

Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides
conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Rating Symbol Min Typ Max Unit
Power Supply Voltage (Differential Mode) Vce +4.75 5.0 +5.25 Vdc
VEE -0.5 0 +0.3
Power Supply Voltage (Single-Ended Mode) Vee +4.75 +5.0 +5.256
VEE -525 | -5.0 | -4.75
Input Voltage (All inputs) Vin 0 —_ +15 Vdc
Applied Output Voltage (when in High Impedance Mode) Vza -10 — +10
Applied Output Voltage, Vo = 0 Vzb -10 — +10
Output Current lo —65 — +65 mA
Operating Ambient Temperature (See text) TA —40 — +85 °C
All limits are not necessarily functional concurrently.
ELECTRICAL CHARACTERISTICS (EIA-422-A differential mode, Pin 4 < 0.8 V, ~40°C < Tp < +85°C, +4.75 V< VoG < +5.25 V,
VEE = Gnd, unless otherwise noted.)
Characteristic . Symbol Min Typ Unit Unit
Output Voltage (see Figure 1)
Differential, R|_ = e, Vo =5.25 V IVop1l - 4.2 6.0 Vdc
Differential, R = 100 Q, Vo =4.75 V Vopal 2.0 26 — Vde
Change in Differential Voltage, R|_ = 100 Q (Note 4) |AVopa2l —_ 10 400 mVdec
Offset Voltage, R = 100 Q Vos - 25 3.0 Vde
Change in Offset Voltage*, Ry = 100 Q |AVos| —_ 10 400 mVdc
Output Current (each output)
Power Off Leakage, Vg =0,-10 VS Vo <+10V loLk -100 0 +100 pA
High Impedance Mode, Voo =525V, -10 V<V <+10 V loz -100 0 +100
Short Circuit Current (Note 2)
High Output Shorted to Pin 5 (Tp = 25°C) Isc- -150 -95 -60 mA
High Output Shorted to Pin 5 (—40°C < Tp < +85°C) Isc- -150 —_ -50
Low Output Shorted to +6.0 V (Tp = 25°C) Isc+ 60 75 150
Low Output Shorted to +6.0 V (—40°C < TA < +85°C) Isc+ 50 —_ 150
Inputs
Low Level Voltage ViL — — 0.8 Vdc
High Level Voltage ’ VIH 2.0 — - Vdc
Current @ Vip =24V IIH — 0 40 MA
Current @ Vip =15V IIHH — 0 100
Current @ Vip =04V i —200 -8.0 —
Current, 0<Vjn <15V, Voo =0 lix — 0 —
Clamp Voltage (lin =—12 mA) VIK -1.5 — — Vde
Power Supply Current (Vo = +5.25 V, Outputs Open) Icc mA
(0 < Enable < Vgp) — 16 30

NOTES: 1. All voltages measured with respect to Pin 5.
2. Only one output shorted at a time, for not more than 1 second.
3. Typical values established at +25°C, Vo =+5.0 V, VEg =-5.0 V.
4. Vi switched from 0.8 to 2.0 V.
5. Imbalance is the difference between |[Vop| with Vip < 0.8 V and [Vop| with Vin > 2.0 V.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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AM26LS30

TIMING CHARACTERISTICS (EIA-422-A differential mode, Pin 4 < 0.8 V, Ta = +25°C, VoG = +5.0 V, VEE = Gnd,
unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Differential Output Rise Time (Figure 3) tr —_ 70 200 ns
Differential. Output Fall Time (Figure 3) tf
Propagation Delay Time — Input to Differential Output ns
Input Low to High (Figure 3) tPDH — 90 200
Input High to Low (Figure 3) tPDL — 90 200
Skew Timing (Figure 3) ns
{tPDH to tppL| for Each Driver tSK1 — 9.0 —
Max to Min tppy Within a Package tsk2 — 2.0 —
Max to Min tpp Within a Package tsK3 — 2.0 —
Enable Timing (Figure 4) ns
Enable to Active High Differential Output tPzH — 150 300
Enable to Active Low Differential Output tpzL — 190 350
Enable to 3-State Output From Active High tPHZ - 80 350
Enable to 3-State Output From Active Low tpLz — 110 300

ELECTRICAL CHARACTERISTICS (ElA-423-A single-ended mode, Pin 4 2 2.0 V, —40°C < Tp < +85°C, +4.75 V < |Vggl,
|VEE] £5.25 V, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (Vcc = IVEEI =4.75 V) Vdc
Single-Ended Voltage, Ry = e (Figure 2) Vo1l 4.0 4.2 6.0
Single-Ended Voltage, R|_ = 450 Q (Figure 2) Voal 36 3.95 6.0
Voltage imbalance (Note 5), R = 450 Q 1AVo2l —_ 0.05 0.4
Slew Control Current (Pins 16, 13, 12, 9) ISLEW — +120 — A
Output Current (Each Output)
Power Off Leakage, Vcc = VEE=0,-6.0V<VQ<+6.0V loLK ~100 0 +100 pA
Short Circuit Current (Output Short to Ground, Note 2)
Vin 0.8V (Ta = 25°C) ISC+ 60 80 150 mA
Vin£0.8 V (—40°C < Tp < +85°C) Isc+ 50 — 150
Vin22.0 V (Ta = 25°C) ISC— -150 | -95 -60
Vin22.0 V (-40°C < Tp < +85°C) Isc- -150 — -50
Inputs
Low Level Voltage VIL — — 0.8 Vdc
High Level Voltage VIH 2.0 —_ — Vdc
Current @ Vin =24V {8} — 0 40 HA
Current @ Vin =15V WIHH —_ 0 100
Current @ Vipn =04V i -200 -8.0 —
Current, 0<Vin <15V, Ve =0 lix — 0 —
Clamp Voltage (lin = —12 mA) Vi -1.5 — — Vdc
Power Supply Current (Outputs Open) Icc — 17 30 mA
Vee=+5.25V, VEE=-5.25V, Vi = 0.4V IEE —22 -8.0 —

TIMING CHARACTERISTICS (EIA-423-A single-ended mode, Pin 42 2.0 V, Tp = 25°C, Vg = +5.0 V, VEE =-5.0 V,
unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Timing (Figure 5)
Output Rise Time, Cc =0 tr - 65 300 ns
Output Fall Time, Cc =0 tf — 65 300
Output Rise Time, C¢ = 50 pF tr — 3.0 — us
Output Fall Time, C = 50 pF 1 — 3.0 —
Rise Time Coefficient (Figure 16) Cnt —_ 0.06 —_— us/pF
Propagation Delay Time, Input to Single Ended Output (Figure 5) ns
Input Low to High, Cc =0 tPDH — 100 300
Input High to Low, Cc =0 tPDL — 100 300
Skew Timing, Cc = 0 (Figure 5) ns
ItpDH to tppy| for Each Driver tsKa — 15 —
Max to Min tppH Within a Package tsks —-— 2.0 —_
Max to Min tpp)_ Within a Package tsKe — 5.0 —

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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AM26LS30

Table 1
Inputs Outputs
Operation Vee VEE Mode |A B C D|A B C D
Differential +5.0 Gnd 0 o 0 o0 oo 1 1 0
(EIA-422-A) 0 1 0 0o 1|1 0 o0 1
0 X 1 0o 1 zZ zZ 0 1
0 1 0 0 OfJ1 0 1 O
0 0o 0 0o tfo 1 0 1
0 i 0 1 X|1 0 Z Z
Single-Ended +5.0 -5.0 1 0O 0 0 Oof0o 0 0 O
(EIA-423-A) 1 1 0 0 0o}1 0 0 O
1 0o 1 0o ofo 1 0 o0
1 0o 0 1 o0 0 1 0
1 0o 0 0 1o o o0 1
X 0 X X X X X X|z z z z
X = Don't Care
Z = High Impedance (Off)
Figure 1. Differential Output Test Figure 2. Single-Ended Output Test
Vee
Vee
Vin
Vin (080r2.0V) T
(0.80r2.0V) RL LR v
0
= VEE
Mode = 0 Mode =1 1

Figure 3. Differential Mode Rise/Fall Time and Data Propagation Delay

NOTES:

1.S.G. Set to: f < 1.0 MHz; du cycle = 50%; t, tf, <10 ns.

2.tgK1 = |tppH-tppL| for each driver.

3. tgK2 computed by subtracting the shortest tpp from the longest tpp of the 2 drivers within a package.
4. tgK3 computed by subtracting the shortest tpp|_from the longest tppy_ of the 2 drivers within a package.
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AM26LS30

Figure 4. Differential Mode Enable Timing

3.0V
Vee ( 31
J— Fisv 15V
V.
n \—_ ov
tpHZ n
——] 1
(Vin=H) AQM Vss/RL Vs S/RLI 2
0.
Output JT 5Vsg/RL
Current
PLZ f J_osv SR
5 Vss/RL
Vss/RL 1
Win=lo) 77" o01vggRL * 41_ oz N

-

NOTES:
1. S.G. set to: f < 1.0 MHz; duty cycle = 50%; tr, tf, < 10 ns.
2. Above tests conducted by monitoring output current levels.

Figure 5. Single-Ended Mode Rise/Fall Time and Data Propagation Delay

25V

SG. —

NOTES:

1. S.G. set to: f < 100 kHz; duty cycle = 50%; tp, t, < 10 ns.

2.tgKk4 = ItppH-tpDLI for each driver.

3. tgKs computed by subtracting the shortest tppy from the longest tppy of the 4 drivers within a package.
4. tgKg computed by subtracting the shortest tppy_from the longest tpp_ of the 4 drivers within a package.
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AM26LS30

Figure 6. Differential Output Voitage
versus Load Current

Figure 7. Internal Bias Current
versus Load Current

1 40 T T T T T T T
50 Differential Mode
Mode =0
S 40 [ Supply Current = Bias Current + Load Cur-
& \\ g rent
§ N~ E %
E 30 ~<l—] g
E == 3
3 20— Differential Mode — @
o | Mode=0,Vcc=50V @ 20
° ! o Veg=5.25V
10— 0.80r 1
[ 20v 410 vop
| 1 Il Il Il
0 0 10 20 30 40 50 60 10 0 20 40 60 80 100 120
lo, OUTPUT CURRENT (mA) TOTAL LOAD CURRENT (mA)
Figure 8. Short Circuit Current Figure 9. Input Current versus
versus Output Voltage Input Voltage
+100 ST
- Vcc =0
£ +60 g 0
E /’ Normally Low Output 2
= V4 Z 50 Vee=50V
= P «c
o +20 7 < /
5 A~ S 10
g / 5 / Pins2104,6,7
= Normally High Output / =55 B;}OV;;EEN —
= / Diterential Mod = gt
S rential Mode Single-Ended Mode
@ -60 Y~ Mode=0,Vgc=50V
_8 '/ | Il (I:C Il -2
.
0 1.0 20 3.0 4.0 5.0 6.0 -1.0 10 30 5.0 70 9.0 1" 13
Vza, APPLIED OUTPUT VOLTAGE (V) Vin, INPUT VOLTAGE (V)
Figure 10. Output Voltage versus Figure 11. Output Voltage versus
Output Source Current Output Sink Current
4.5 -3.25
\\
s N § ]
o] T 2
£ 40 S~ 5 a7
T >
E S 5
——~— il 5 >
% SmgleL_Ended Mode 3 p Single-Ended Mode
F e =1 e 4 Mode = 1
S . Vp(i=15.0\AVEE=-5.0V = / Veo=50V,VEE=-50V
T g h° ‘
—H -
3 -4.75
0 -10 -20 -30 -40 -50 -60 0 10 20 30 40 50

IoH, OUTPUT CURRENT (mA)

loL, OUTPUT CURRENT (mA)

60
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AM26LS30

Figure 12. Internal Positive Bias Current
versus Load Current

Figure 13. Internal Negative Bias Current
versus Load Current

1B+, BIAS CURRENT (mA)

15, SHORT CIRCUIT CURRENT (mA)

BT T T T T T
Single Ended Mode
[~ Mode=1
2l Voc=50V,VEg=-5.0V g 50
Supply Current = Bias Current + loH / = 7
/ z
// E
18 = 3 -10 <
] 2 Vin=Lo Vip=Hi
m,— {S ded Mod: I
LT /| Single-Ended Mode
" — 4 19 Mode =1
L . — Vco =50V, VEg=-5.0V
Vin=Lo Vip=Hi Supply Current = Bias Current + lg|
10 ] -20° 1 1 ! ! 1 L
240 160 80 -80 -160  -240 240 160 80 0 -80 -240
e > IoH > I loL e loH =
TOTAL LOAD CURRENT (mA) TOTAL LOAD CURRENT (mA)
Figure 14. Short Circuit Current Figure 15. Short Circuit Current
versus Output Voltage versus Temperature
100 110 l |
Normally Low Output
60 /[ R —~— ?
/ Normally Low Output = T~
8 —
20 (1}
| Single or Differential Mode ™~
Voo =5.0V,VEg =-5.0Vor Gnd
= / o | Ve EE
Normally High Output 1
V' Single-Ended Mode / _
-60 — Mode =1 g -2 Normally High Output to Ground
| Vge=50V,Vgg=-50V / T 00— L :
| I— Q
-100 . "] 2 10 | | |
-6.0 -4.0 -2.0 0 20 40 6.0 -40 -20 0 85

Vza, APPLIED OUTPUT VOLTAGE (V)

Figure 16. Rise/Fall Time versus Capacitance

20 40 60
Ta, AMBIENT TEMPERATURE (°C)

10k e =

= Single-Ended Mode

[~ Mode =1
= - Vco =50V, VEg=-5.0V L
2 v
Y 100 —
g =
2
5 y
D .
£ 4 pd

A
1.0 ]
10 100 1.0k 10k

G, CAPACITANGE (pF)
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AM26LS30
APPLICATIONS INFORMATION

Description

The AM26LS30 is a dual function line driver — it can be
configured as two differential output drivers which comply with
EIA-422-A Standard, or as four single-ended drivers which
comply with EIA-423-A Standard. The mode of operation is
selected with the Mode pin (Pin 4) and appropriate power
supplies (see Table 1). Each of the four outputs is capable of
sourcing and sinking 60 to 70 mA while providing sufficient
voltage to ensure proper data transmission.

As differential drivers, data rates to 10 Mbaud can be
transmitted over a twisted pair for a distance determined by the
cable characteristics. EIA-422-A Standard provides
guidelines for cable length versus data rate. The advantage of
adifferential (balanced) system over a single-ended systemis
greater noise immunity, common mode rejection, and higher
data rates.

Where extraneous noise sources are not a problem, the
AM26LS30 may be configured as single-ended drivers
transmitting data rates to 100 Kbaud. Crosstalk among wires
within a cable is controlled by the use of the slew rate control
pins on the AM26L.S30.

Mode Selection
(Differential Mode)

In this mode (Pins 4 and 8 at ground), only a +5.0 V supply
+5% is required at Vcc. Pins 2 and 7 are the driver inputs,
while Pins 10, 11, 14 and 15 are the outputs (see Block
Diagram on page 1). The two outputs of a driver are always
complementary and the differential voltage available at each
pair of outputs is shown in Figure 6 for Vocc = 5.0 V. The
differential output voltage will vary directly with Vcc. A “high”
output can only source current, while a “low” output can only
sink current (except for short circuit current — see Figure 8).

The two outputs will be in a high impedance mode when the
respective Enable input (Pin 3 or 6) is high, orif Voc < 1.1 V.
Output leakage current over a common mode range of 10 V
is typically less than 1.0 pA.

The outputs have short circuit current limiting, typically, less
than 100 mA over a voltage range of 0 to +6.0 V (see Figure
8). Short circuits should not be allowed to last indefinitely as
the IC may be damaged.

Pins 9, 12, 13, and 16 are normally not used when in this
mode, and should be left open.

(Single-Ended Mode)

In this mode (Pin 4 =2.0 V) Vo requires +5.0 V, and VEE
requires —5.0 V, both £5%. Pins 2, 3, 6, and 7 are inputs for the
four drivers, and Pins 15, 14, 11, and 10 (respectively) are the
outputs. The four drivers are independent of each other, and
each output will be at a positive or a negative voltage
depending on its input state, the load current, and the supply
voltage. Figures 10 & 11 indicate the high and low output
voltagesforVoc =5.0V,and VEg =-5.0 V. The graph of Figure
10 will vary directly with Vg, and the graph of Figure 11 will
vary directly with VEE. A “high” outputcanonly source current,
while a “low” output can only sink current (except short circuit
current — see Figure 14).

The outputs will be in a high impedance mode only if Voo
<1.1V.Changing VEE to 0 V does not set the outputs to a high
impedance mode. Leakage current over a common mode
range of £10 V is typically less than 1.0 pA.

The outputs have short circuit current limiting, typically, less
than 100 mA over a voltage range of 6.0 V (see Figure 14).
Short circuits should not be allowed to last indefinitely as the
IC may be damaged.

Capacitors connected between Pins 9, 12, 13, and 16 and
their respective outputs will provide slew rate limiting of the
output transition. Figure 16 indicates the required capacitor
value to obtain a desired rise or fall time (measured between
the 10% and 90% points). The positive and negative transition
times will be within = +5% of each other. Each output may be
set to a different slew rate if desired.

Inputs

The five inputs determine the state of the outputs in
accordance with Table 1. All inputs (regardless of the
operating mode) have a nominal threshold of +1.3 V, and their
voltage must be kept withinthe range of 0 V to +15 V for proper
operation. If an input is taken more than 0.3 V below ground,
excessive currents will flow, and the proper operation of the
drivers will be affected. An open pin is equivalent to a logic
high, but good design practices dictate that inputs should
never be left open. Unused inputs should be connected to
ground. The characteristics of the inputs are shown in Figure
9.

Power Supplies

Vcc requires +5.0 V, £5%, regardless of the mode of
operation. The supply current is determined by the IC’s
internal bias requirements, and the total load current. The
internally required current is a function of the load current and
is shown in Figure 7 for the differential mode.

Inthe single-ended mode, VEE mustbe~5.0 V, 5% in order
to comply with EIA-423-A Standards. Figures 12 and 13
indicate the internally required bias currents as a function of
total load current (the sum of the four output loads). The
discontinuity at 0 load current exists due to a change in bias
current when the inputs are switched. The supply currents
vary=+2.0mAasVccandVEgarevariedfrom|4.75V|to|5.25
\'/B

Sequencing of the supplies during power-up/power-down is
not required.

Bypass capacitors (0.1 wF minimum on each supply pin) are
recommended to ensure proper operation. Capacitors reduce
noise induced onto the supply lines by the switching action of
the drivers, particularly where long P.C. board tracks are
involved. Additionally, the capacitors help absorb transients
induced onto the drivers’ outputs from the external cable (from
ESD, motor noise, nearby computers, etc.).
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Operating Temperature Range

The maximum ambient operating temperature, listed as
+85°C, isactually a function of the system use (i.e., specifically
how many drivers within a package are used) and at what
current levels they are operating. The maximum power which
may be dissipated within the package is determined by:

T, -TA
PDmax = J"E‘+JA

where Rg A = package thermal resistance which is typically:
67°C/W for the DIP (PC) package,
120°C/W for the SOIC (D) package,
TJmax = max. allowable junction temperature (150°C)
TA = ambient air temperature near the IC package.

1) Differential Mode Power Dissipation

For the differential mode, the power dissipated within the
package is calculated from:
PD =[(Vcc - VoD) * I0)(each driver) + (VcC * IB)

where: V¢ = the supply voltage
VoD = is taken from Figure 6 for the known
value of Io
IB = the internal bias current (Figure 7)

As indicated in the equation, the first term (in brackets) must
be calculated and summed for each of the two drivers, while
the last term is common to the entire package. Note that the
term (Vcc —VOD) is constant for a given value of Ig and does
not vary with Vcc. For an application involving the following
conditions:
Ta =+85°C, Ip =-60 mA (each driver), Vo =5.25V,
the suitability of the package types is calculated as follows.
The power dissipated is:
PD=[3.0VeB0mAe2]+(525Ve18mA)
Pp =454 mW

The junction temperature calculates to:
TJ =85°C + (0.454 W « 67°C/W) = 115°C for the
DIP package,
TJ =85°C + (0.454 W  120°C/W) = 139°C for the
SOIC package.
Since the maximum allowable junction temperature is not
exceeded in any of the above cases, either package can be
used in this application.

2) Single-Ended Mode Power Dissipation
For the single-ended mode, the power dissipated within the
package is calculated from:

Pp = (IB+ * VCC) + (IB— * VEE) +
[(lo * (Vce = VoH)(each driver)

The above equation assumes I has the same magnitude
for both output states, and makes use of the fact that the
absolute value of the graphs of Figures 10 and 11 are nearly
identical. Ig+and Ig—are obtained from the right half of Figures
12and 13, and (Vo — VOH) can be obtained from Figure 10.
Note thatthe term (Vo —VOH) is constant for a given value of
lo anddoes notvary with Vo . Foran applicationinvolving the
following conditions:

TA=+85°C,l0=-60mA (eachdriver),Vcc=5.25V,VEE =
-5.25 V, the suitability of the package types is calculated as
follows.

The power dissipated is:

PD=(24 mA ¢5.25V) + (-3.0 mA ¢ -5.25V) +
[60 mA « 1.45V ¢ 4.0]
Pp =490 mW

The junction temperature calculates to:

TJ =85°C + (0.490 W ¢ 67°C/W) = 118°C for the
DIP package,

TJ =85°C + (0.490 W  120°C/W) = 144°C for the
SOIC package.

Since the maximum allowable junction temperature is not
exceeded in any of the above cases, either package can be
used in this application.
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SYSTEM EXAMPLES

Differential System

An example of a typical EIA-422-A system is shown in
Figure 17. Although EIA-422-A does not specifically address
multiple driver situations, the AM26LS30 can be used in this
manner since the outputs can be put into a high impedance
mode. Itis, however, the system designer’s responsibility to
ensure the Enable pins are properly controlled so as to prevent
two drivers on the same cable from being “on” at the same
time.

The limit on the number of receivers and drivers which may
be connected on one system is determined by the input
currentof each receiver, the maximum leakage current of each
“off” driver, and the DC current through each terminating
resistor. The sum of these currents must not exceed the
capability of the “on” driver (=60 mA). If the cable is of any
significant length, with receivers at various points along its
length, the common mode voltage may vary along its length,
and this parameter must be considered when calculating the
maximum driver current.

The cable requirements are defined not only by the AC
characteristics and the data rate, but also by the DC
resistance. The maximum resistance must be such that the
minimum voltage across any receiver inputs is never less than
200 mV.

The ground terminals of each driver and receiver in Figure
17 must be connected together by a dedicated wire (or the
shield) in the cable so as to provide a common reference.
Chassis grounds or power line grounds should not be relied on
for this common connection as they may generate significant
common mode differences. Additionally, they usually do not
provide a sufficiently low impedance at the frequencies of
interest.

Single-Ended System

An example of a typical EIA-423-A system is shown in
Figure 18. Multiple drivers on a single data line are not possible
since the drivers cannot be put into a high impedance mode.
Although each driver is shown connected to a single receiver,
multiple receivers can be driven from a single driver as long
as the total load current of the receivers and the terminating
resistor does not exceed the capability of the driver (=60 mA).
Ifthe cable is of any significant length, with receivers at various
points along its length, the common mode voltage may vary
alongits length, and this parameter must be considered when
calculating the maximum driver current.

The cable requirements are defined not only by the AC
characteristics and the data rate, but also by the DC
resistance. The maximum resistance must be such that the

minimum voltage across any receiver inputs is never less than
200 mV.

The ground terminals of each driver and receiver in Figure
18 must be connected together by a dedicated wire (or the
shield) in the cable so as to provide a common reference.
Chassis grounds or power line grounds should not be relied on
for this common connection as they may generate significant
common mode differences. Additionally, they usually do not
provide a sufficiently low impedance at the frequencies of
interest.

Additional Modes of Operation

If compliance with EIA-422-A or EIA-423-A Standard is not
required in a particular application, the AM26LS30 can be
operated in two other modes.

1) The device may be operated in the differential mode (Pin
4 = 0) with VEE connected to any voltage between ground and
—-5.25 V. Outputs in the low state will be referenced to VEE,
resulting in a differential output voltage greater than that
shown in Figure 6. The Enable pins will operate the same as
previously described.

2) The device may be operated in the single-ended mode
(Pin4 = 1) with VEE connected to any voltage between ground
and -5.25 V. Outputs in the high state will be at a voltage as
shown in Figure 10, while outputs in a low state will be
referenced to VEE.

Termination Resistors

Transmission line theory states that, in order to preserve the
shape and integrity of a waveform traveling along a cable, the
cable must be terminated in an impedance equal to its
characteristic impedance. In a system such as that depicted
in Figure 17, in which data can travel in both directions, both
physical ends of the cable must be terminated. Stubs leading
to each receiver and driver should be as short as possible.

In a system such as that depicted in Figure 18, in which data
normally travels in one direction only, a terminator is
theoretically required only at the receiving end of the cable.
However, if the cable is in a location where noise spikes of
several volts can be induced onto it, then a terminator
(preferably a series resistor) should be placed at the driver end
to prevent damage to the driver.

Leaving off the terminations will generally result in
reflections which can have amplitudes of several volts above
Vcc or several volts below ground or VEg. These
overshoots/undershoots can disrupt the driver and/or
receiver, create false data, and in some cases, damage
components on the bus.
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Figure 17. EIA-422-A Example

En
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NOTES:
1. Terminating resistors R should be located at the physical ends of the cable.
2. Stubs should be as short as possible.
3. Receivers = AM26L.S32, MC3486, MC75173 or MC75175.
4. Circuit grounds must be c d together through a dedicated wire.

Figure 18. EIA-423-A Example

AM26LS30 AM26LS32, MC3486, MC75173, or MC75175

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
7-21



MOTOROLA

m SEMICONDUCTOR

TECHNICAL DATA

QUAD LINE DRIVER WITH NAND ENABLED
THREE-STATE OUTPUTS

The Motorola AM26LS31 is a quad differential line driver
intended for digital data transmission over balanced lines. it meets
all the requirements of EIA-422 Standard and Federal Standard

1020.

The AM26LS31 provides an enable/disable function common
to all four drivers as opposed to the split enables on the MC3487

EIA-422 driver.

The high impedance output state is assured during power

down.
© Full EIA-422 Standard Compliance
@ Single +5.0 V Supply

® Meets Full Vo = 6.0V, Ve = 0V, Ig < 100 uA Requirement

® Qutput Short Circuit Protection

o Complementary Outputs for Balanced Line Operation
® High Output Drive Capability

® Advanced LS Processing

® PNP Inputs for MOS Compatibility

AM26LS31

QUAD EIA-422 LINE DRIVER
WITH THREE-STATE OUTPUTS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

DC SUFFIX
CERAMIC PACKAGE
1 CASE 620

1
D SUFFIX
PLASTIC PACKAGE
CASE 7518
(S0O-16) 16
1
PC SUFFIX

PLASTIC PACKAGE
16 CASE 448

DRIVER BLOCK DIAGRAM

Non-Inverting

Input Outputs

Inverting
Enable
Output
Controls
Enable
TRUTH TABLE
Control Non-Inverting Inverting
Input Inpu_u Output Output
(E/E)
H H/L H L
L H/L L H
X LH z z
L = Low Logic State X = Irrelevant
H = High Logic State Z = Third-State (High Impedance)

PIN CONNECTIONS

A

Input A E 6] vee

= [15] tnput D ‘

5 o

Enable [4] E]

€] 1

input 8 [7] 0]
Gnd [E] [5] inputc

Outputs A{

}Outpuu D

Outputs B{

}Outputs c

ORDERING INFORMATION
Temperature
Device Range Package
AM26LS31DC Ceramic DIP
AM26LS31PC 0 to 70°C Plastic DIP
MC26LS31D* SO-16

*Note that the surface mount MC26LS31D devices use the same die as in the ceramic and plastic
DIP AM26LS31DC devices, but with an MC prefix to prevent confusion with the package suffixes.
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MAXIMUM RATINGS

Rating Symbol Value Unit ‘
Power Supply Voltage Vee 8.0 Vdc |
Input Voltage \7 5.5 Vde
Operating Ambient Temperature Range TA 0to +70 °C
Operating Junction Temperature Range Ty °C
Ceramic Package 175
Plastic Package 150
Storage Temperature Range Tstg —65to +150 °C

ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply 4.75 V < V¢g < 5.25 V and 0°C < Tp < 70°C.
Typical values measured at Vg = 5.0V, and Tp = 25°C.)

Characteristic Symbol Min Typ Max Unit
Input Voltage — Low Logic State ViL — — 0.8 Vdc
Input Voltage — High Logic State VIH 2.0 — — Vdc
Input Current — Low Logic State e — — —360 pA
(VL = 04 V)
Input Current — High Logic State WhH RA
VI = 27V) — — +20
(Vi = 7.0V) _ _ +100
Input Clamp Voltage ViK — — -15 \
(llk = —18 mA)
Output Voltage — Low Logic State VoL — — 0.5 v
(loL = 20 mA)
Output Voltage — High Logic State VOoH 2.5 —_ — v
(loH = —20 mA)
Output Short Circuit Current los =30 —_ -150 mA
(VIH = 2.0 V) Note 1
Output Leakage Current — Hi-Z State lo(z) RA
(VoL = 05V, Vi (E) = 0.8V, VIH(E) = 2.0 V) —_ —_ -20
(VOH = 25V, V|L(E) = 0.8V, VIHE) = 2.0V) — — +20
Output Leakage Current — Power OFF 10(off) RA
(VOH = 6.0V,Vcc =0V) —_ - +100
(VoL = —0.25V, Vce = 0 V) - — —-100
Output Offset Voltage Difference, Note 2 Vos-Vos — — +0.4 \%
Output Differential Voltage, Note 2 Vob 2.0 — —_ \
Output Differential Voltage Difference, Note 2 |AVopl! — — +0.4 v
Power Supply Current Iccx — 60 80 mA
(Output Disabled) Note 3

1. Only one output may be shorted at a time.
2. See EIA Specification EIA-422 for exact test conditions.
3. Circuit in three-state condition.

SWITCHING CHARACTERISTICS (Vcc = 5.0V, TA = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Propagation Delay Times ns

High to Low Output tPHL —_ — 20

Low to High Output tPLH —_ —_ 20
Output Skew — — 6.0 ns
Propagation Delay — Control to Output ns

(CL = 10 pF, R = 75 Q to Gnd) tPHZ(E) — — 30

(CL = 10 pF, R = 180 Q to V) tPLZ(E) — — 35

(CL = 30 pF, RL = 75 2 to Gnd) tPZH(E) — — 40

(CL = 30 pF, R = 180 Q to V) PZL(E) — — 45
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FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT AND WAVEFORMS

3.0 Vor Gnd To Scope
To Scope (Input) Input Output

Inv

Output Open for tpzy(E) Test Only

Pulse generator characteristics
2,=560Q
PRR € 1.0 MHz
50% Duty Cycle

TTLH, tTHL <6 ns

—VWA—O0 +5 V
180

75 :L

Non-Inv
Output

Enable

-

‘)
Pulse 3
Generator
Ry — See Test Table

C_ Includes Probe and Jig Capacitance. See Test Table

3.0V 30V
Control \ Control ,Z
input 13V § Input ) rev
(Enable) ] ( ) 0
t —]
tPHZ(E) ] r —PzLe) T
{ VoH Output 1.3V
Output ‘;(\)/L
~15V tPZH(E) —
=15V VoH
tPLZ(E) Output 1.3V
Output 0.5V
VoL ov
ov
FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO
OUTPUT WAVEFORMS AND TEST CIRCUIT
Scope
(Output) sov
Scope
(Input) inv
Output
200
Puise @
Generator Non-Inv 75
Output
Pulse generator characteristics - 3.0V
2,=50Q - Enable
PRR < 1.0 MHz = = =
50% Duty Cycle C_ Includes Probe and Jig Capacitance
TTLH tTTHL <6 ns [ 3.0V
Input y KLY \‘ 13V
ov
tPHL—m — tpLH
VoH
Output 1.3V 1.3V
VoL
ov
PLH — ~—PHL
VoH
Output
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TECHNICAL DATA

QUAD EIA-422/423 LINE RECEIVER QUAD EIA-422/3 LINE RECEIVER
WITH THREE-STATE
Motorola’s Quad EIA-422/3 Receiver features four independent OUTPUTS
receiver chains which comply with EIA Standards for the Electrical
Characteristics of Balanced/Unbalanced Voltage Digital Interface
- N . SILICON MONOLITHIC
Circuits. Receiver outputs are 74LS compatible, three-state struc- INTEGRATED CIRCUIT

tures which are forced to a high impedance state when Pin 4 is
a Logic “0” and Pin 12 is a Logic ““1.” A PNP device buffers each
output control pin to assure minimum loading for either Logic
“1" or Logic 0" inputs. In addition, each receiver chain has inter-

nal hysteresis circuitry to improve noise margin and discourage
output instability for slowly changing input waveforms. A sum- ,

mary of AM26LS32 features include: 8 DC SUFFIX
' CERAMIC PACKAGE
® Four Independent Receiver Chains 16 CASE 620
® Three-State Outputs 1
® High Impedance Output Control Inputs
(PIA Compatible) D SUFFIX
® Internal Hysteresis — 30 mV (Typ) @ Zero Volts Common Mode PLA?:ESCEP;'\S;AGE 16 6 |
® Fast Propagation Times — 25 ns (Typ) (S0-16) 1
©® TTL Compatible
® Single 5 V Supply Voltage
© Fail-Safe Input-Output Relationship. Output Always High When PC SUFFIX
Inputs Are Open, Terminated or Shorted PLASTIC PACKAGE
©® 6 k Minimum Input Impedance 16 CASE 648
1

PIN CONNECTIONS
RECEIVER CHAIN BLOCK DIAGRAM

Three-State -/
Differential Control tnput A [1] 6] Vee
inputs Inputs Output
E s
o o Outputs A{ 4 } Inputs B
E 1]
- Loiron E3 73] Output 8
Network Output C [5} — %t:;el
E El Output D
Inputs C { b
] D
Amplifier i Level 4 } Inputs D
: Hysteresis Translator GND E E'

\/

T Level Amplifier
ORDERING INFORMATION
Device Temperature Package
AM26LS32DC Ceramic DIP
AM26LS32PC 0 to 70°C Plastic DIP
ooy 2 o oo oo i o oo oty MC26L8320" 5016
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MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Common Mode Voltage Vicm +25 Vde
Input Differential Voltage Vip +25 vdc
Three-State Control Input Voltage \ 7.0 Vde
Output Sink Current lo 50 mA
Storage Temperature Tﬂ -65t0 +150| °C
Op ing J ion Temp TJ oC
Ceramic Package +175
Plastic Package + 150
RECOMMENDED OPERATING CONDITIONS
Rating Symbol Value Unit
Power Supply Voltage Vee 4.75105.25 | Vdc
Of ing Ambient T e TA Oto +70 °C
Input Common Mode Voltage Range VICR -7.0to +7.0| Vdc
Input Differential Voltage Range VIDR 6.0 Vvdc
ELECTRICAL CHARACTERISTICS (Unless otherwise noted minimum and maximum limits apply over recommended temperature
and power supply voltage ranges. Typical values are for Tp = 25°C, Vcc = 50V and Vic = O V.
See Note 1.)
Characteristic Symbol Min Typ Max Unit
Input Voltage — High Logic State VIH 20 - - v
(Three-State Control)
Input Voltage — Low Logic State ViL - - 08 \
7 (Three-State Control)
Differential Input Threshold Voitage (Note 2) VTHID) v
(=70V<sV|cs70V,Vig=20V)
(lp = ~04mA,VgH = 2.7 V) - - 0.2
(lp = 8.0 mA, Vg < 0.45 V) - - -0.2
Input Bias Current 8(D) . mA
(Vgce = 0V or5.25) (Other Inputs at —15V < Vi < +15V)
Vin = +15V - - 23
Vin = -15V - - -2.8
Input Resistance (-15V < Vi < +15V) Rin 6.0 K - - Ohms
Input Balance and Qutput Level v
(=70VSV)c<70V, Vg =20V,
See Note 3)
(Ig=-04mA,V|p=04V) VoH 27 - -
(lg=8.0mA,V|p=-04V) VoL - - 0.45
Output Third State Leakage Current loz uA
(Vyp) = +3.0V, V) =08V, Vg = 0.4V) - - -20
(Vp) = -3.0V, Vi = 08V, Vg = 24V) — - 20
Output Short Circuit Current los -1 - -85 mA
(Viip) = 3.0V, VIH = 20V,Vg = 0V,
See Note 4)
Input Current — Low Logic State e - - -360 HA
(Three-State Control)
(VjL=04V)
Input Current — High Logic State hH HA
(Three-State Control)
(Vi =27V) - - 20
(ViH = 55V) - - 100
Input Clamp Diode Voltage ViK - - -15 v
(Three-State Control)
(hc = -18 mA)
Power Supply Current Icc - - 70 mA
(Vi = 0 V) (All Inputs Grounded)
NOTES:
1. All currents into device pins are shown as positive, out of device pins are negative. All ges reft d to ground unless otherwise noted.

2. Differential input threshold voltage and guaranteed output levels are done simuitaneously for worst case.
3. Refer to EIA-422/3 for exact conditions. Input balance and guaranteed output levels are done simultaneously for worst case.
4. Only one output at a time should be shorted.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
7-26



AM26LS32

SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0V and Tp = 25°C)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time — Differential ns
Inputs to Output
(Output High to Low) tPHL(D) - - 30
(Output Low to High) tPLH(D) - - 30
Propagation Delay Time — Three-State ns
Control to Output
(Output Low to Third State) tpLZ - - 35
(Output High to Third State) tPHZ - - 35
(Output Third State to High) tpZH - - 30
(Output Third State to Low) tpzL - - 30
SWITCHING TEST CIRCUIT AND WAVE FOR
FIGURE 1 - PROPAGATION DELAY DIFFERENTIAL INPUT TO OUTPUT
To Scope To Scope
(Input) (Output} +25V
Input
-25V — /L
Difterential PLH(D) — - - tpH(D)
Inputs CL 15pF VoH — - F
Pulse 1 (includes Probe VOLOulpul X 1.3V
Generator ~ and Stray OV-—=———-——--=Z
R Capacitance) Input Pulse Characteristics
tTLH ~ tTHL 6.0 ns(10% to 90%)
o !
oV +2.0V 3-State Control PRR - 1.0 MHz, 50% Duty Cycle
FIGURE 2 — PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT
Input Pulse Charactenstics To Scope
tTLH -~ tTHL - 6.0 ns (10% 1090%)  ("PUll 3 State
- trol
PRR - 1.0 MHz, 50% Duty Cycle Contro To Scope
{Output)
Pulse 51 ,0v
Generator
o 200 W' isov
+ 1.5V for tpyz and tpzy = J - ¢ d
1.5V for tpz and tpz, Differential b 4
Inputs CL  15pF = 50k v Al puodes 1N916 or
(Includes J Equivalent
Probe and Stray L
C. it )
apacitance {SW2
t t
PLZ PHZ
30V 30V
Input 15V Input 1.5V SW1 Closed
oV - - SW1 Closed SW2 Closed
tpLz  SW2 Closed
=13V ,__J: VoH 05V
Output 05V QOutput
\ - =13V ——
oL = —:T —————— ov W — - ov
t tpzL
30V PZH 3.0V SW1 Closed
Input 1.5V swi1 Open Input 1.5V SwW2 Oose
oV --— SW2 Closed = pen
tPZH tpzL
VOH =50V - Vgg
Output Output v 1.5V
oo—" ov
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QUAD THREE-STATE BUS TRANSCEIVER

This quad three-state bus transceiver features both excellent MOS
or MPU compatibility, due to its high impedance PNP transistor
input, and high-speed operation made possible by the use of Schottky
diode clamping. Both the —48 mA driver and —20 mA receiver out-
puts are short-circuit protected and employ three-state enabling inputs.

The device is useful as a bus extender in systems employing the
M6800 family or other comparable MPU devices. The maximum
input current of 200 pA at any of the device input pins assures
proper operation despite the limited drive capability of the MPU
chip. The inputs are also protected with Schottky-barrier diode
clamps to suppress excessive undershoot voltages.

The MC8T26A is identical to the NEST26A and it operates from
a single +5 V supply.

® High Impedance Inputs

Single Power Supply

High Speed Schottky Technology

Three-State Drivers and Receivers

Compatible with M6800 Family Microprocessor

MC8T26A

(MC6880A)

QUAD THREE-STATE
BUS TRANSCEIVER

MONOLITHIC SCHOTTKY
INTEGRATED CIRCUITS

CERAMIC PACKAGE
CASE 620
6
1
P SUFFIX
PLASTIC PACKAGE
CASE 648

[

1
L SUFFIX

MICROPROCESSOR BUS EXTENDER APPLICATION

(Clock)
GND +5 o1 ¢2
M6800
MPU
MC8T97/MC6887 MCST26AMCo880
MCB8T98/MC6888
BUS EXTENDER BUS EXTENDER
DATA
BUS

Receiver
Enable
input

Receiver
Output l 2
1

Bus1E

Driver
Input
1

Receiver
Output E
2
Bus 2 IE
Driver
Input E

2

Gnd E

(]

PIN CONNECTIONS — MC8T26A
(MC6880A)

Driver
_<}—1E Enable

Input

1

14] Receiver
Qutput
4

@ Bus 4

Driver

E Input
a

Receiver
11} Output
3

E Bus3

Oriver
3 Input
3

Sy

ORDERING INFORMATION

Device Alternate Range

Temperature
Package

MCB8T26AL | MCE880AL

Ceramic DIP|

MC8T26AP | MC6880AP

0to +75°C

Plastic DIP

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MCS8T26A

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 8.0 Vdc
Input Voltage A\ 5.5 Vdc
Junction Temperature Ty og
Ceramic Package 175
Plastic Package 150
Operating Ambient Temperature Range Ta Oto +75 oc
Storage Temperature Range Tstg -65 to+150 oc

ELECTRICAL CHARACTERISTICS (4.75 V < Vo < 5.25 V and 0°C < Ta < 75°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Current — Low Logic State
(Receiver Enable Input, V|| (Rg) = 0.4 V) HIL(RE) - - -200 uA
(Driver Enable Input, V|_(pg) = 0.4 V) IL(DE) - - -200
(Driver Input, V| _(p) = 0.4 V) hiL(D) - — -200
(Bus (Receiver) Input, V| (g) = 0.4 V) lL(B) _ _ _200
Input Disabled Current — Low Logic State I1L(D) DIS
(Driver Input, V| (p) =0.4 V) — - -25 pA
Input Current-High Logic State
(Receiver Enable Input, V|(RE) = 5.25 V) IIH(RE) - - 25 A
(Driver Enable Input, V|H(pE)-= 5.25 V) 11 H(DE) - - 25
(Driver Input, Vi(p) = 5.25 V) HH(D) - - 25
(Receiver lnput, V() = 5.25 V) IIH(B) - - 100
Input Voltage — Low Logic State
(Receiver Enable Input) VIL(RE) - - 0.85 \
(Driver Enable Input VIL(DE) - - 0.85
(Driver Input) ViL(D) - - 0.85
(Receiver Input) ViL(B) - - 0.85
Input Voltage — High Logic State
(Receiver Enable Input) VIH(RE) 2.0 - - Y
(Driver Enable Input) ViH(DE) 2.0 - -
(Driver Input) VIH(D) 2.0 - -
(Receiver Input) VIH(B) 2.0 - -
Output Voltage — Low Logic State .
(Bus Driver) Output, 1o () = 48 mA) VoL(B) - - 0.5 v
(Receiver Output, Ig(_(R) = 20 mA) VOL(R) - - 0.5
Output Voltage — High Logic State
(Bus (Driver) Output, IgH(g) = =10 mA) VOH(B) 2.4 3.1 - v
(Receiver Output, IgH(R) = —2.0 mA) VOH(R) 2.4 3.1 -
(Receiver Output, IoH(R) = —100 pA, Vcc =5.0 V) 3.5 - -
Output Disabled Leakage Current — High Logic State
(Bus Driver) Output, VoH(B) = 2.4 V) IOHL(B) - - 100 HA
(Receiver Output, VOH(R) = 24 V) IOHL(R) - - 100
Output Disabled Leakage Current — Low Logic State
(Bus Output, Vo (B) = 0.5 V) loLL(B) - - —100 HA
(Receiver Output, Vo (R) = 0.5 V) IOLL(R) - - —-100
Input Clamp Voltage
(Driver Enable Input l|p(pE) = —12 mA) VIC(DE) - - -1.0 \Y
(Receiver Enable Input lic(RE) = +12 mA) VIC(RE) - - -1.0
(Driver Input ljc(p) = —12 mA) Vic(D) - - -1.0
Output Short Circuit Current, Voc = 5.25 V, Note 1
(Bus (Driver) Output) l0s(B) -50 - -150 mA
(Receiver Output) 10S(R) -30 - -75
Power Supply Current Icc - - 87 mA
(Vcc=5.25V)

Note 1. Only one output may be short-circuited at a time.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC8T26A

SWITCHING CHARACTERISTICS (Unless otherwise noted, specifications apply at T4 = 25°C and V¢g = 5.0 V)

Characteristic Symbol Figure Min Max Unit

Propagation Delay Time from Receiver (Bus) Input to tPLH(R) 1 - 14 ns
High Logic State Receiver Output

Propagation Delay Time from Receiver (Bus) Input to tPHL(R) 1 - 14 ns
Low Logic State Receiver Output

Propagation Delay Time from Driver Input to tPLH(D) 2 - 14 ns
High Logic State Driver (Bus) Output

Propagation Delay Time from Driver Input to tPHL(D) 2 - 14 ns
Low Logic State Driver (Bus) Output

Propagation Delay Time from Receiver Enable Input to tPLZ(RE) 3 - 15 ns
High Impedance (Open) Logic State Receiver Output

Propagation Delay Time from Receiver Enable Input to tPZL(RE) 3 - 20 ns
Low Logic Level Receiver Output

Propagation Delay Time from Driver Enable Input to tpLZ(DE) 4 - 20 ns
High Impedance Logic State Driver (Bus) Output

Propagation Delay Time from Driver Enable Input to tPZL(DE) 4 - 25 ns
Low Logic State Driver (Bus) Output

FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tp|H(R) AND tpH (R)

tTLH S 50ns

26V 90% 90%
Input 15V
ov
t Input Pulse Frequency = 10 MHz
PHL(R) tPLH(R) Duty Cycle = 50%
VoH
Output 1.5V
VoL
. 2.6V
To Scope Receiver To Scope
(Input) Enable (Input)
Input
92
Receive
Receiver (Bus) o © w‘r 0::9:‘?‘,
Input utpu qi .
—0—g o 1<
Driver
L Input L
Pulse :; 51 . :;1.3 k -~ 30pF
9 Driver <
Generator Enable
Input
= =
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MC8T26A

FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tpLH(D) AND tpHL (D)

tTHL S 5.0ns

TLH<S0n _.l '._ _.l

26V
Input 1.5V 1.5V

Input Pulse Frequency = 10 MHz

*e1LH(D) Duty Cycle = 50%

Output 1.5V 1.5V

26V
To Scope 2.:3’V Driver To Scope

(Input) Enable (Output)
Input

Driver 30
(Bus) 1N916
Output or Equiv.

o ¢

Driver
Input

Receiver
Output
71~ 300 pF

N
(-3
o
AAA
VW
Y

Receiver

Pulse Enable

Generator Input
o

L 7

FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp_z(RE) AND tpzL (RE)

tTLH < 5.0 ns — I<— —>|

26V 90% 90%
Input 1.5V 1.5V
10%
0V ———A

tPLZ(RE) — tPZL(RE)
=3.5V Input Pulse Frequency = 5.0 MHz
Duty Cycle = 50%
Output 1.5V
Vo ———1 10%
26V 5.0V
To Scope P ———— —— To Scope
(Input) 1 Receiver Enable (Output) [ ]
Input
o
. S24k $ 240
Receiver S p:
Output
]
¥
o
Pulse @ :: 51 Receiver (Bus)
Generator Input v
2 1N916
50k g A~30pF Y or Equiv.
DOriver Enable
Input ![
T -O
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MC8T26A

FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tp2z(DE) AND tpzL (DE)

tTLH < 5.0 ns —»=|

I

26V

90%

tTHL < 5.0ns

90%

Input 1.5V 1.5V .
0V —ud 10% Input Pulse Frequency = 5.0 MHz
Duty Cycle = 50%
tPZL(DE) — tpLz(DE)
=~3.5V
Output 1.5V /
Vou 10%
+2.6 V oV
q To Scope
To Scope P Drivlev Er;able (Output)
n,
(Input) pu
370
Driver 2.4k <
Input
O =<
Driver (Bus)
Putse 51 Receiver Output
Generator Output b 4
> | 1N916
Receiver 5.0kg 7N 300pF ¥ or Equiv.
Enable
t Input !!
FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS
Receiver @——O— —0—e
Outputs @——O— —O—@ Receiver
——O— —O -O— —O——® Outputs
*——O0— O —O0—] —Oo—e
MC8T26A MC8T26A
——O0— O -0— —Oo—e
Driver @——O— —O—— -0— -—O——@ Driver
Inputs @——0— —o—e@ !nputs
—O0— —Oo—e
Driver Receiver To Other
E I
nable Enable Drivers/Receivers
Driver Receiver
Enable Enable
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MOTOROLA

SEMICONDUCTOR ISSE
TECHNICAL DATA

HEX THREE-STATE BUFFER INVERTERS

This series of devices combines three features usually found desirable in
bus-oriented systems: 1) High impedance logic inputs insure that these
devices do not seriously load the bus; 2) Three-state logic configuration
allows buffers not being utilized to be effectively removed from the bus; 3)
Schottky technology allows high-speed operation.

The noninverting MC8T97/MC6887 and inverting MC&t38/MC6888
provide two Enable inputs — one controlling four buffers and the other
controlling the remaining two buffers.

The units are well-suited for Address buffers on the MC6800 or similar
microprocessor application.
® High Speed — 8.0 ns (Typ)

Three-State Logic Configuration
Single +5 V Power Supply Requirement
Compatible with 74LS Logic or MC6800 Microprocessor Systems

°
.
°
® High Impedance PNP Inputs Assure Minimal Loading of the Bus

" MICROPROCESSOR BUS EXTENDER APPLICATION
(Clock)
GND +5 ¢1 ¢2
M6800
MPU
MCB8T37/MC6887 MC8T26A/MC6880
MC8T98/MC6888
BUS EXTENDER BUS EXTENDER
MC6830
ROMs
ADDRESS DATA
AND BUS
CONTROL MC6810
BUS RAMs
MC6820
PlAs
M N
MC6850
ACIAs N v
] L
MC6860
e 0
DAA MODEM

MC8T97 (mcess?)
MC8T98 (mcssss)

HEX THREE-STATE
BUFFER/INVERTERS

MONOLITH SCHOTTSKY
INTEGRATED CIRCUITS

16
1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

INPUT EQUIVALENT CIRCUIT
Vee

OUTPUT EQUIVALENT CIRCUIT

Vee
/'Y
—o0
a
ORDERING INFORMATION
(Temperature Range = 0 to + 75°C)
Device Alternate Package

MC8T97L MC6887L Ceramic DIP
MC8T98L MC6888L Ceramic DIP
MC8T97P MC6887P Plastic DIP
MC8T98P MC6888P Plastic DIP

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.)

MC8T97, MC8T98

Rating Symbol Value Unit
Power Supply Voltage Vee 8.0 Vdc
Input Voltage 7 5.5 Vdc
Operating Ambient Temperature Range TA 0to +75 oc
Storage Temperature Range Ti‘.g -65 to +150 oc
Operating Junction Temperature Ty oc
Plastic Package 150
Ceramic Package 175
MC8T97/MC6887 MC8T98/MC6888
Y2 A A
Enable 4 E_D’T E] Vce Enable 4 | 1 —-D’—‘ 16{ Vee
Input A E —G—E] Enable 2 Input A E —CG— 15| Enable 2
Output A EQ 14| Input F Output A Eﬁ E] Input F
Input B E I EE Output F Input B | 4 13| Output F
Output B | & —Q ) EI Input E Output B |5 ﬁ 12| input €
nput € [6 0 EE Output E inputc [6 ! Ej Output €
Qutput C | 7 g E Input D Output C |7 ﬁ‘ T_E_l Input D
Gnd E 53 Output D Gnd[8 ! 9 | output D
Enable | Input | Output L = Low Logic State Enable | Input | Output
H = High Logic State T T m
t : "; Z = Third (High Impedance) State C G v
H X z X = Irrelevant " x z

7-34
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MC8T97, MC8T98

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 0°C < Tp <75°C and 4.75V<Vcc<5.25 V)

Characteristics Symbol Min Typ Max Unit
Input Voltage " ‘
High Logic State (Vcc = 4.75V, Tp = 25°C) VIH 2.0 — -
Low Logic State (Vcc = 4.75 V, Tp = 25°C) ViL — — 0.8
Input Current — HA
High Logic State (Vcc=5.25V,V|H=2.4V) _ IH — — 40
Low Logic State (Vcc =5.25V, VL =05V, V| (E) = 0.5 V) i — —_ -400
High Impedance State (Vcc =5.25V, V| = 0.5V, Vi) = 2.0 V) NH(E) -_ —_ -40
Output Voltage \
High Logic State (Vcc =4.75V, IgH =-5.2 mA) VOH 24 — —
Low Logic State (gL = 48 mA) VoL —_ — 0.5
Output Voltage — High Impedance State loz HA
(Vcc=5.25V,VoH =2.4V) —_ — 40
(Vcc=5.25V,VoL=05V) — — -40
Output Short Circuit Current los mA
(Vcc =5.25V, Vo = 0, only one output can be shorted at a time) -40 -80 -115
Power Supply Current Icc mA
(Vcc=5.25V) MC8T97, MC6887 — 65 98
MC8T98, MC6888 — 59 89
Input Clamp Voltage Vic \Y
(Vcc =475V, l|c =-12mA) — — -1.5
Input Voltage Vi v
(I} = 1.0 mA) 5.5 - -_
Output Ve Clamp Voltage Voc \
(Ve =0, lpc =12 mA) - - 15
Output Gnd Clamp Voltage Voc
(Vecec =0, loc = 12 mA) — — -1.5
SWITCHING CHARACTERISTICS (Vcc =5.0V, TA = 25°C unless otherwise noted.)
MC8T97 MC8T98
MC6887 MC6888
Characteristic Symbol Min Typ Max Min Typ Max Unit
Propagation Delay Time — High-to-Low State tPHL ns
(Cp =50 pF) 3.0 — 12 4.0 — 1
(CL = 250 pF) — 16 — — 15 —
(CL =375 pF) — 20 -— — 18 —
(CL =500 pF) — 23 — — 22 —
Propagation Delay Time — Low-to-High State tPLH ns
(Cy. =50 pF) 3.0 — 13 3.0 — 10
(C| =250 pF) — 25 - — 22 —
(CL = 375 pF) — 33 — - 28 —
(C =500 pF) — 42 - - 35 —
Transition Time — High-to-Low State tTHL ns
(CL = 250 pF) — 10 - 10
(CL =375 pF) — 1 — - 13 —
(CL =500 pF) — 14 - 15
Transition Time — Low-to-High State tTLH ns
(Cp = 250 pF) - 32 — — 28 —
(CL =375 pF) — 42 — - 38 —
(C =500 pF) - 60 — - 53
Propagation Delay Time — High State-to-Third State tpHZ(E) ns I
(C = 5.0 pF) — — 10 — — 10
Propagation Delay Time — Low State-to-Third State tPLZ(E)
(CL =5.0 pF) — — 12 (0 — — 16
Propagation Delay Time — Third State-to-High State tPZH(E) ns
(Cp = 50 pF) — — 25 —_ — 22 |
Propagation Delay Time — Third State-to-Low State tPZL(E) i
(CL =50 pF) —_ - 25 — — 24
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MC8T97, MC8T98

FIGURE 2 — WAVEFORMS FOR PROPAGATION DELAY

FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS TIMES INPUT TO OUTPUT
3v
To Scope (Input) Tgui;t':s
input or Open for tpzH(E) Test Only Input ov
Enable re—tPLH
Enable +5 Vv
I ) W) o SAA—O /—— VoH
l / ¥ v 200 Output
L J_ y MCB8T98 or MC6888 1.5V
350 Ly 1N3064 ——— VoL
z:'::rawr 9 I - or Equivalent tPLH - le— tpL
1 A 4 Output VoH
0 T MC8T97 or MC6887 15V
V §
= 1.0k Open for » VoL
Cy Includes Probe and l tpzL(E) Test Only Input Pulse Conditions
Jig Capacitance tTHL = tTLH S 10ns
= f=1.0MHz

FIGURE 3 — WAVEFORMS FOR PROPAGATION DELAY TIMES — ENABLE TO OUTPUT

VoH 3.0V
Output * k Enable
<1.5V
tPHZ(E) ——I tPZL(E)
Enable % k‘l 5V Output
3.0V 30V
Enable NN Enable
o]
tPZH(E) v
Output VoL OH
tPLZ(E) 1.5 v Output

H = High-Logic State, L. = Low-Logic State, Z = High Impedance State
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MC1411,B

MOTOROLA
= SEMICONDUCTOR mum—— mg}ﬂ%;g

TECHNICAL DATA MC1416,B

HIGH VOLTAGE, HIGH CURRENT

DARLINGTON TRANSISTOR ARRAYS PERIPHERAL
DRIVER ARRAYS
The seven NPN Darlington connected transistors in these arrays
are well suited for driving lamps, relays, or printer hammers in a SILICON MONOLITHIC
variety of industrial and consumer applications. Their high break- INTEGRATED CIRCUITS

down voltage and internal suppression diodes insure freedom
from problems associated with inductive loads. Peak inrush cur-
rents to 600 mA permit them to drive incandescent lamps.

The MC1411,B device is a general purpose array for use with
DTL, TTL, PMOS, or CMOS Logic. The MC1412,B contains a zener
diode and resistor in series with the input to limit input current
for use with 14 to 25 Volt PMOS Logic. The MC1413,B with a 2.7
k() series input resistor is well suited for systems utilizing a 5 Volt
TTL or CMOS Logic. The MC1416,B uses a series 10.5 kQ resistor 16’
and is useful in 8 to 18 Voit MOS systems.

1 P SUFFIX

PLASTIC PACKAGE
CASE 648
MAXIMUM RATINGS (Ta = 25°C and rating apply to any one device in the
package unless otherwise noted.) % D SUFFIX
Rating Symbol Value Unit PLA(S:EEEP;AS?(BAGE
Qutput Voltage Vo 50 \ 1 (S0-16)
Input Voltage (Except MC1411) Vi 30 \
Collector Current — Continuous Ic 500 mA
Base Current — Continuous g 25 mA
Operating Ambient Temperature Range TA °C
MC1411-16 —~20to +85
MC1411B-16B —-40to +85 PIN CONNECTIONS
Storage Temperature Range Eg —55to +150 °C
Junction Temperature Ty 150 °C S
Thermal Resistance — Junction-to-Ambient 0JA °C/IW E——-DOT—E
Case 648, P Suffix 67
Case 751B, D Suffix 100 Iz {>° El
ORDERING INFORMATION E Do ”
Ambient L",.‘ :'
Plastic DIP solc Temperature Range
MC1411P (ULN2001A) MC1411D E {>° 1 E
MC1412P (ULN2002A) MC1412D —ope o
MC1413P (ULN2003A) MC1413D 20°to +85°C (5] {>¢, 7]
MC1416P (ULN2004A) MC1416D |
MC1411BP MC1411BD 6 {>c 1
MC1412BP MC14128D a0 to +85°C I: | 1]
MC1413BP MC1413BD
MC1416BP MC1416BD [] DC 1 10]
(] o]

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MC1411,B, MC1412,B, MC1413,By"MC1416,B

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

. Characteristic Symbol Min Typ Max Unit
Output Leakage Current ICEX pA
(Vo =50V, Ta = +85°C) All Types — — 100
(Vo =50V, Tp = +25°C) All Types — — 50
(Vo =50V, Ta = +85°C, V| = 6.0V) MC1412,B — — 500
(Vo =50V, Tp = +85°C,V| = 1.0V) MC1416,8 — —_ 500
Collector-Emitter Saturation Voltage VCE(sat) v
(Ic = 350 mA, Ig = 500 pA) All Types — 1.1 1.6
(Ic = 200 mA, Ig = 350 pA) All Types — 0.95 1.3
(Ic = 100 mA, Ig = 250 pA) All Types — 0.85 1.1
Input Current — On Condition li{on) mA
(Vi =17V) MC1412,B — 0.85 1.3
(V| = 3.85V) MC1413,B — 0.93 1.35
(V| =5.0V) MC1416,8 — 0.35 0.5
(V| = 12V) MC1416,B — 1.0 1.45
Input Voltage — On Condition Vi(on) \
(VCE = 2.0V, Ic = 300 mA) MC1412,B — —_ 13
(VCE = 2.0V, Ic = 200 mA) MC1413,B — —_ 24
(VCE = 2.0V, Ic = 250 mA) MC1413,B — — 2.7
(VCg = 2.0V, Ic = 300 mA) MC1413,B — — 3.0
(VCE = 20V, Ic = 125 mA) MC1416,B — - 5.0
(VCE = 2.0V, Ic = 200 mA) MC1416,B - — 6.0
(VCE = 2.0V, Ic = 275 mA) MC1416,8 — — 7.0
(VCg = 2.0V, Ic = 350 mA) MC1416,B — — 8.0
Input Current — Off Condition All Types ll(off) 50 100 —_ pA
(Ic = 500 uA, To = +85°C)
DC Current Gain MC1411,B hFe 1000 —_ — —
(VCE = 2.0V, Ic = 350 mA)
Input Capacitance C —_ 15 30 pF
Turn-On Delay Time ton —_ 0.25 1.0 us
(50% E| to 50% EQ)
Turn-Off Delay Time toff — 0.25 1.0 us
(50% E| to 50% EQ)
Clamp Diode Leakage Current Ta = +25°C IR — —_ 50 nA
(VR = 50 V) Ta = +85°C — — 100
Clamp Diode Forward Voltage VE — 15 2.0 \
({IF = 350 mA)

1o, OUTPUT CURRENT (mA)

TYPICAL PERFORMANCE CURVES — Tp = 25°C

FIGURE 1 — OUTPUT CURRENT versus INPUT VOLTAGE

“TT 1 ]
00 MC14|11,BI l MC1416,8 /
’ MC1413,8 [ MC1412,8 /
20 I
|
100 , l
1] /
L1 /

0 10 20 30 40 507 80 90 10 N
V}, INPUT VOLTAGE (VOLTS)

FIGURE 2 — OUTPUT CURRENT versus INPUT CURRENT

400

©w
S
S

Al

| Types

~
=1
S

=]
3

/

1o, OUTPUT CURRENT (mA)

/

J

50 100

150

200

250 300

Ij, INPUT CURRENT (uA)

350 400
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Ic, COLLECTOR CURRENT (mA)

I}, INPUT CURRENT (mA)

MC1411,B, MC1412,B, MC1413,B, MC1416,B

TYPICAL CHARACTERISTIC CURVES — TA = 25°C (continued)

FIGURE 3 — TYPICAL OUTPUT CHARACTERISTICS

PIN 13 =

10ut

PIN 10 — 7]%

put Conducting at a Time

A/ PIN 16

Vi

All Types
y y

25

20

02 0.4 0.6 08 1.0 12 14

VCE(satl- SATURATION VOLTAGE (VOLTS}

16

FIGURE 5 — INPUT CHARACTERISTICS — MC1413,B

X |/
/1 /
Maximum // 4/
/
// //T ypical
/
)4
/V
/7
0 1.0 20 30 40 5.0 6.0 70 80

V}, INPUT VOLTAGE (VOLTS)

I}, INPUT CURRENT {mA}

), INPUT CURRENT (mA)

FIGURE 4 — INPUT CHARACTERISTICS — MC1412,B

25
20 -
,/
15 e
- 7
A / //
10 o=
R / ~
~ Typical
7 ypica
05 // /
0Ly

20
Vy, INPUT VOLTAGE (VOLTS)

22 24 2

FIGURE 6 — INPUT CHARACTERISTICS — MC1416,B

25
20
15
/‘/
1.0 M e
]
= =
05 — Typical
1
0 \
Y
0 50 6.0 70 80 9.0 10 n 12

Vy, INPUT VOLTAGE (VOLTS)

FIGURE 7 — MAXIMUM COLLECTOR CURRENT
versus DUTY CYCLE
(AND NUMBER OF DRIVERS IN USE)
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MC1411,B, MC1412,B, MC1413,B, MC1416,B

FIGURE 8 — REPRESENTATIVE CIRCUIT SCHEMATICS

1/7 MC1411,B 1/7 MC1412,B

Pin9

1/7 MC1413,B 1/7 MC1416,B

Pin9
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MOTOROLA :
m SEMICONDUCTOR I, MC1472
TECHNICAL DATA

DUAL PERIPHERAL
B POSITIVE “NAND” DRIVER
DUAL PERIPHERAL-HIGH-VOLTAGE SILICON MONOLITHIC

POSITIVE “NAND” DRIVER INTEGRATED CIRCUITS

The dual driver consists of a pair of PNP buffered AND gates
connected to the bases of a pair of high voltage NPN transistors.
They are similar to the MC75452 drivers but with the added advan-
tages of: 1) 70 Volt capability 2) output suppression diodes and
3) PNP buffered inputs for MOS compatibility. These features
make the MC1472 ideal for mating MOS logic or microprocessors
to lamps, relays, printer hammers and incandescent displays.

® 300 mA Output Capability (each transistor)

© 70 Vdc Breakdown Voltage

@ Internal Output Clamp Diodes P1 SUFFIX

® Low Input Loading for MOS Compatibility (PNP huffered) PLASTIC PACKAGE
CASE 626

PIN CONNECTIONS

MAXIMUM RATINGS (Ta = 25°C)

Rating Symbol Value Unit [ S
A |1 8| Vec

Supply Voltage Vce 7.0 \ ;l
Input Voltage ) Vin 5.5 \
Output Voltage Vout 80 \ 8 E 3 28
Clamp Voltage Ve 80 \
Output Current (Continuous) lo 399 mA

Operating Junction Temperature Ty + 150 °C 1y E B 2y
Storage Temperature Range Tstg —-65to + 150 °C

RECOMMENDED OPERATING CONDITIONS aND E El cLAMP

Rating Symbol Min | Max Unit

Supply Voltage Vce 45 5.5 Volts

Operating Ambient Temperature TA 0 70 °C Positive Logic: Y=AB*

Output Voltage Vo Vee 70 Volts

Clamp Voltage \'/d Vo 70 Volts

TRUTH TABLE
ORDERING INFORMATION ALSB Y
Device Temperature Range Package t ,I:| H (“OFF” STATE)
MC1472P1 0to +70°C Plastic DIP H L
H H L (“ON" STATE)
H = Logic One
L = Logic Zero
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MC1472

ELECTRICAL CHARACTERISTICS (Unless otherwise noted min/max limits apply across the 0°C to 70°C temperature range
with 4.5 V < V¢ =< 5.5 V. All typical values are for Tp = 25°C, V¢c = 5.0 Volts.)

Characteristic Symbol Min Typ Max Unit
Input Voltage — High Logic State VIH 2,0 — 5.5 Vdc
Input Voltage — Low Logic State ViL 0 — 0.8 Vdc
Input Current — Low Logic State L ' mA
(ViL = 04V)
A lnput —_ — -0.3
B Input -0.15
Input Current — High Logic State IIH pA
(V4 = 24V)
A lnput — — 40
B Input _— — 20
(V4 = 5.5V)
A Input —_ _ 200
B Input — —_ 100
Input Clamp Voltage VIK Vv
(lcc = —12 mA) _ _ 15
Output Leakage Current — High Logic State loH BA
(Vo = 70V, See Test Figure) = 100
Output Voitage — Low Logic State VoL \"
(loL = 100 mA) — — 0.4
(loL = 300 mA) . — 0.7
Output Clamp Diode Leakage Current loc v
(V¢ = 70V, See Test Figure) — — 100
Output Clamp Forward Voltage VEC v
(IFc = 300 mA, See Test Figure) — — 1.7
Power Supply Current Icc mA
(All Inputs at Vi) — — 70
(All Inputs at V) — — 15

NOTE: All currents into device pins are shown as positive, out of device pins as negative. All voltages referenced to ground unless otherwise
noted.

SWITCHING CHARACTERISTICS Vg = 5.0V, Ta = 25°C

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time
Output High to Low tPHL - - 1.0 Hs
Output Low to High tPLH - - 0.75
Output Transition Time
Output High to Low tTHL - - 0.1 us
Output Low to High tTLH — - 0.1

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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TEST CIRCUITS

Vce

loc
D%

Per TruthTable| 15
Vor—( : —3
loH _[—4

~

| —————1 ——e V 1
Vib & VL [ 8 ce

a o
[ .

VoL VEc
v —_N s—eVce 1 8f—evce
IH
—_—]2 7 2 7
3 6 {3 6
loL
VoL 4 s Vee(v + 4 5
'FC
SWITCHING TEST CIRCUIT AND WAVEFORM
+50 V To Scope
(Output)
To
Scope 100
(Input) —N—0 + 30V
-
N 30 pF
Includes Probe
Pulse as
Generator and Stray
=
3.0v
INPUT 1.5V
oV
PHL
VoH
OUTPUT 90%
50%
VoL N

10%

TTHL l—— "’ TLH
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MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

QUAD LINE DRIVER

The MC1488 is a monolithic quad line driver designed to inter-
face data terminal equipment with data communications equip-
ment in conformance with the specifications of EIA Standard No.
EIA-232D.

Features:

@ Current Limited Output
+10 mA typ

® Power-Off Source Impedance
300 Ohms min

® Simple Slew Rate Control with External Capacitor
® Flexible Operating Supply Range
® Compatible with All Motorola MDTL and MTTL Logic Families

ORDERING INFORMATION
Device Temperature Range Package
MC1488P Plastic
MC1488D 0to +75°C SO-14
MC1488L Ceramic
TYPICAL APPLICATION
LINE DRIVER INTERCONNECTING LINE RECEIVER
MC1488 MC1489
I 77N I ==~
— o-
j S + -7
| |
| |
MDTL LOGIC INPUT -—l<'—“”‘“iﬂ’;t'§°""_°.—|__mun LOGIC OUTPUT

MC1488

QUAD MDTL LINE DRIVER
ElA-232D

SILICON MONOLITHIC
INTEGRATED CIRCUIT

\
14
1
L SUFFIX
P SUFFIX
CERAC"’:(S:EPQ;KAGE PLASTIC PACKAGE
CASE 646
D SUFFIX

PLASTIC PACKAGE
CASE751A 14 ®>
(80-14) ‘

1

PIN CONNECTIONS

—
vee[1] 4] vee
Input A [2] 13] nput D1
output A[3] @E Input D2
input B1[4] (11) output D
input 82[5] 110] tnput C1
output B [6] (5] Input c2

Gnd Ei E Output C

CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT SHOWN)

vee 14 -
2 8.2k 3 6.2k

PINS 4,9, 120R 2

INPUT
K

INUT O ————9 | j

PINS 5, 10,13 v "

300
L 4 - 0uTPUT
PINS 6,8, 110R 3
4 4
336k ot

GND 7O——J_

VEE 1 O~

70
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee +15 Vdc
VEE -15
Input Voltage Range VIR -15<VRR= Vdc
7.0
Output Signal Voltage Vo +15 Vdc
Power Derating (Package Limitation, Ceramic
and Plastic Dual-In-Line Package) Pp 1000 mW
Derate above TpA = +25°C 1/RgJA 6.7 mW/°C
Operating Ambient Temperature Range TA Oto +75 °C
Storage Temperature Range Ts_tg —-65to +175 °C
ELECTRICAL CHARACTERISTICS (Vcc = +9.0 £1% Vdc, VEE = —9.0 1% Vdc, Ta = 0 to 75°C unless otherwise noted.)
Characteristic Figure | Symbol Min Typ Max Unit
Input Current — Low Logic State (V| = 0) 1 L — 1.0 1.6 mA
Input Current — High Logic State (V|4 = 5.0 V) 1 IH —_ — 10 nA
Output Voltage — High Logic State 2 VOH Vdce
(VjL = 0.8 Vdc, R, = 3.0k, Vcc = +9.0 Vdc, VEg = —9.0 Vdc) +6.0 +7.0 —
(VjL = 0.8 Vdc, Rl = 3.0k, Vcc = +13.2 Vdc, VEg = —13.2 Vdc) +9.0 +10.5 —
Output Voltage — Low Logic State 2 VoL Vdc
(VIH = 1.9 Vdc, R = 3.0kQ, Vcc = +9.0 Vdc, VEg = —9.0 Vdc) —-6.0 -7.0 —
(V4 = 1.9 Vdc, R = 3.0kQ, Vec = +13.2 Vdc, VEg = —13.2 Vdc) -9.0 -10.5 —
Positive Output Short-Circuit Current, Note 1 3 los + +6.0 +10 +12 mA
Negative Output Short-Circuit Current, Note 1 3 10S — ~6.0 ~10 ~12 mA
Output Resistance (Vcc = VEg = 0, [Vo| = £2.0V) 4 o 300 — — Ohms
Positive Supply Current (R = «) 5 Icc mA
(V4 = 1.8 Vdc, V¢ = +9.0 Vde) - +15 +20
(VjL = 0.8 Vdc, Ve = +9.0 Vdc) — +4.5 +6.0
(VI = 1.9 Vdc, Ve = +12 Vdc) — +19 +25
(VL = 0.8 Vdc, Vge = +12 Vdc) —_ +5.5 +7.0
(VIH = 1.9 Vdc, Ve = +15 Vdc) — — +34
(V)L = 0.8 Vdc, Vcc = +15 Vdc) — — +12
Negative Supply Current (R = =) 5 (33
(VIH = 1.9 Vdc, VEg = —9.0 Vdc) — -13 -17 mA
(V)L = 0.8 Vdc, VEg = —9.0 Vdc) — — -500 | uA
(VIH = 1.9 Vdc, VEg = —12 Vdc) — -18 -23 mA
(ViL = 0.8 Vdc, VEg = —12 Vdc) — — —500 pA
(VIH = 1.9 Vdc, VEg = —15 Vdc) — — -34 mA
(VjL = 0.8 Vdc, VEg = —15 Vdc) — — -2.5 mA
Power Consumption Pc mwW
(Vce = 9.0 Vdc, VEg = —9.0 Vdc) — — 333
(Vce = 12 Vde, VEg = —12 Vdc) — — 576
SWITCHING CHARACTERISTICS (Vgc = +9.0 +1% Vde, VEE = —9.0 1% Vdc, TA = +25°C.)
Propagation Delay Time (z; = 3.0 k and 15 pF) 6 tPLH - 275 350 ns
Fall Time (z) = 3.0 k and 15 pF) 6 tTHL — 45 75 ns
Propagation Delay Time (z; = 3.0 k and 15 pF) 6 tPHL — 110 175 ns
Rise Time (z) = 3.0 k and 15 pF) 6 tTLH — 55 100 ns

Note 1. Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously.
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los—

ViH

ViL

MC1488

CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT
8V 9v

3

FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT

vee  VEE

14 1

. +18vV

+08V }j

FIGURE 5 — POWER-SUPPLY CURRENTS
vee

08V 1

FIGURE 2 — OUTPUT VOLTAGE
9V 9V

14 1
+19v

—o-e 3k
4 6
VOH 9 8
O
12 1n =

+08V

=)

FIGURE 4 — OUTPUT RESISTANCE (POWER-OFF)

p—O— L——o—l
2 3
Vo

4 ’_%_. +2 Vdc
:_'

1

5 —o—e

»—-g— 8 I £6.6 mA Max

n

1=
T

FIGURE 6 — SWITCHING RESPONSE

TLH
tTHL and tTLH Measured 10% to 90%
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TYPICAL CHARACTERISTICS
(T = +259C unless otherwise noted.)

FIGURE 7 — TRANSFER CHARACTERISTICS FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT
versus POWER-SUPPLY VOLTAGE versus TEMPERATURE
+12° T T = *12
Vee=VEE=£ 12V T h—
+9.0 i i = +9.0
5 60 vee =VEg=:9V g los+ —
R T T 1 = 60
= Vee=VEg=*6V 3
& 3.0 = 430
£ 2
= | g
> 0=V Vo 3 0
> =
= =
2 -30 — 3k 3 -30
5 =
° 60— = :j 6.0
o b - o O
S = los- —
-9.0 @ -90 —
b | e
-12 - |t
0 '02 04 06 08 10 12 14 16 18 20 -55 0 +25 +75 +125
Vin, INPUT VGLTAGE (VOLTS) T, TEMPERATURE (°C)
FIGURE 9 — OUTPUT SLEW RATE FIGURE 10 — OUTPUT VOLTAGE
versus LOAD CAPACITANCE AND CURRENT-LIMITING CHARACTERISTICS
1000 = +20
~ +16
+12
1’::. N < \\
3 100 N £ 480 3ks2 LOAD LINE
= [
= = Z +40 [ —
= ™~ e —
= S 0 —_
g 1 g =
—
5 1wk Y Vo I ,°=_' e
2 e S 8 wof 1YY
F CL — S 7 AN
T N = -12
- = N vo \
t 11t S16F 08V ypp=Vep-s
N cC=VEE=+9V
o L LI [T o B e
1.0 10 100 1,000 10,000 -6 -12 80  -40 0 +40 480 412 +16
CL. CAPACITANCE (pF) Vg, OUTPUT VOLTAGE (VOLTS)

FIGURE 11 — MAXIMUM OPERATING TEMPERATURE
versus POWER-SUPPLY VOLTAGE

20 _€7

5

=

3

>

o vee \\
& 12

2 ?14 ~
§ 10 3 3k \
e

Z 80 6 3k

S

@ 8 3k

< 6.0

= 11 3k

£ 40

i

i

>

S
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T, TEMPERATURE (°C)
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SLEW RATE (VOLTS/us)

MC1488

APPLICATIONS INFORMATION

The Electronic Industries Association EIA-232D specification
detail the requirements for the interface between data pro-
cessing equipment and data communications equipment. This
standard specifies not only the number and type of interface
leads, but also the voltage levels to be used. The MC1488 quad
driver and its companion circuit, the MC1489 quad receiver,
provide a complete interface system between DTL or TTL logic
levels and the EIA-232D defined levels. The EIA-232D require-
ments as applied to drivers are discussed herein.

The required driver voltages are defined as between 5 and
15-volts in magnitude and are positive for a Logic “0" and
negative for a Logic “1."” These voltages are so defined when
the drivers are terminated with a 3000 to 7000-ohm resistor.
The MC1488 meets this voltage requirement by converting a
DTL/TTL logic level into EIA-232D levels with one stage of
inversion.

The EIA-232D specification further requires that during tran-
sitions, the driver output slew rate must not exceed 30 volts

FIGURE 12 — SLEW RATE versus CAPACITANCE
FOR Igc =10 mA

FIGURE 13 — POWER-SUPPLY PROTECTION
TO MEET POWER-OFF FAULT CONDITIONS

—p— - ->-——
vee %14 $|4 $1a
PR S
MC1488 MC1488 | Mciss
TR
o o O——D)——O o--',-* o+-o
| L-——- :
[} -
o— O-4-7 N
o —O I ! O-+ -0
o— o o1’ '
)
= o o— 5 o-f-{"'\o_l °
o— 00— 0—-:—1,.__,’ [}
1 ——— 1
e S SE{
o— © o O tmd__ :
1
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1
7}_ 1 7_{ 1 7? ¢1
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-
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n N
L 3 pF N
: 1Al
N
10 14 \
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C, CAPACITANCE (pf)

‘per microsecond. The inherent slew rate of the MC1488 is much
too fast for this requirement. The current limited output of the
device can be used to control this slew rate by connecting a
capacitor to each driver output. The required capacitor can be
easily determined by using the relationship C = Igg x AT/AV
from which Figure 12 is derived. Accordingly, a 330 pF capac-
itor on each output will guarantee a worst case slew rate of
30 volts per microsecond.

The interface driver is also required to withstand an acci-
dental short to any other conductor in an interconnecting cable.
The worst possible signal on any conductor would be another
driver using a plus or minus 15 volt, 500 mA source. The
MC1488 is designed to indefinitely withstand such a short to
all four outputs in a package as long as the power-supply volt-
ages are greater than 9.0 volts (i.e., Vcc =9.0V; VEg < —9.0 V).
In some power-supply designs, a loss of system power causes
a low impedance on the power-supply outputs. When this
occurs, a low impedance to ground would exist at the power
inputs to the MC1488 effectively shorting the 300 ohm output

resistors to ground. If all four outputs were then shorted to .

plus or minus 15 volts, the power dissipation in these resistors

would be excessive. Therefore, if the system is designed to
permit low impedances to ground at the power-supplies of the
drivers, a diode should be placed in each power-supply lead
to prevent overheating in this fault condition. These two
diodes, as shown in Figure 13, could be used to decouple all
the driver packages in a system. (These same diodes will allow
the MC1488 to withstand momentary shorts to the +25 voit
limits specified in the earlier Standard EIA-232B.) The addition
of the diodes also permits the MC1488 to withstand faults with
power-supplies of less than the 9.0 volts stated above.

The maximum short-circuit current allowable under fault
conditions is more than guaranteed by the previously men-
tioned 10 mA output current limiting.

Other Applications

The MC1488 is an extremely versatile line driver with a myr-
iad of possible applications. Several features of the drivers
enhance this versatility:

1. Output Current Limiting — this enables the circuit designer
to define the output voltage levels independent of power-
supplies and can be accomplished by diode clamping of the
output pins. Figure 14 shows the MC1488 used as a DTL to
MOS translator where the high level voltage output is clamped
one diode above ground. The resistor divider shown is used
to reduce the output voltage below the 300 mV above ground
MOS input level limit.

2. Power Supply Range — as can be seen from the schematic
drawing of the drivers, the positive and negative driving ele-
ments of the device are essentially independent and do not
require matching power-supplies. In fact, the positive supply
can vary from a minimum seven volts (required for driving the
negative pulldown section) to the maximum specified 15 volts.
The negative supply can vary from approximately —2.5 volts
to the minimum specified — 15 volts. The MC1488 will drive
the output to within 2 volts of the positive or negative supplies
as long as the current output limits are not exceeded. The
combination of the current-limiting and supply-voltage fea-
tures allow a wide combination of possible outputs within the
same quad package. Thus if only a portion of the four drivers
are used for driving EIA-232D lines, the remainder could be
used for DTL to MOS or even DTL to DTL translation. Figure
15 shows one such combination.
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FIGURE 14 — MDTL/MTTL-TO-MOS TRANSLATOR FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS

+12V

2 .
MOTL & MATL OUTPUT
INPUT _D— 07V10+37V
1/4 MC1488 4
MDT
MoTL ) MOS QUTPUT DTL D— BV =

° NAND MDTL QUTPUT
INPUT 1k (WiTH Vs = GND) GATE o] 07V10+57V
ok INPUT &

MC1488

9
MDTL O—
MHTL
-1V -12v INPUT%—

MHTL OUTPUT

:DD_ - } ® 07vwiov
WoTL &
o—|
oS D_ MOS OUTPUT

INPUT O 1% 10Vov

-12v +12V
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MOTOROLA
TECHNICAL DATA

QUAD LINE RECEIVERS

MC1489
MC1489A

QUAD MDTL
The MC1489 monolithic quad line receivers are designed to LINE RECEIVERS
interface data terminal equipment with data communications
equipment in conformance with the specifications of EIA Standard ElA-232D
No. EIA-232D.
SILICON MONOLITHIC
INTEGRATED CIRCUIT
® |nput Resistance — 3.0 k to 7.0 kilohms
® Input Signal Range — + 30 Volts
® |nput Threshold Hysteresis Built In .
® Response Control
a) Logic Threshold Shifting
b) Input Noise Filtering 14 :
1
ORDERING INFORMATION L SUFFIX P SUFFIX
Device Temperature Range Package CERAMIC PACKAGE PLASTIC PACKAGE
MC1489P,AP Plastic CASE 632 CASE 646
MC1489D,AD 0to +75°C S0-14
MC1489L,AL Ceramic D SUFFIX
PLASTIC PACKAGE @\‘
CASE 751A 14 o
(50-14) ‘?@
TYPICAL APPLICATION
S
LINE DRIVER LINE RECEIVER input A E E Vee
MC 1488 INTEPCONNECTING MCag9 Response
o N J 7 Control A L2 E Input D
2 1_F e Bleited
Input B E EOutpul D
| | R m
. ! ot 5 o
1 INTERCONNECTING \ Response
MOTL LOGIC INPUT i CABLE i MDTL LOGIC QUTPUT output 8 [§] 5] Jesponse
Ground[7] 18] Output €
EQUIVALENT CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN)
1
-0 Vce
: y $
39k > 5k 317k
RE 1
RESPONSE CONTROL 2 O- AN I :L———O 30UTPUT
38k K
INPUT 1 © VWA I/
x g0k
<
Em
[ 67kQ | 16kQ | O 7GROUND
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MC1489, MC1489A

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

Rating Symbol Value Unit

Power Supply Voltage Vee 10 Vdc
Input Voltage Range VIR *30 Vdc
Output Load Current IL 20 mA
Power Dissipation (Package Limitation, Ceramic

and Plastic Dual In-Line Package) Pp 1000 mwW

Derate above Tp = +25°C 1/gJA 6.7 mW/°C
Operating Ambient Temperature Range TA 0to +75 °C
Storage Temperature Range Tstg —-65to +175 °C

ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Vcc = +5.0 Vdc =10%, To = 0to +75°C unless
otherwise noted)

Characteristics Symbol Min Typ Max Unit

Positive Input Current (VI = +25 Vdc) IiH 3.6 — 8.3 mA
(VIH = +3.0 Vdc) 0.43 — —

Negative Input Current (VjL = —25 Vdc) liL -3.6 — -8.3 mA
(V)L = -3.0 Vdc) -0.43 — —

Input Turn-On Threshold Voltage VIH Vdc
(TA = +25°C, VoL < 0.45 V) MC1489 1.0 - 15
MC1489A 1.75 1.95 2.25

Input Turn-Off Threshold Voltage ViL Vdc
(Ta = +25°C,VoH = 25V, I = —-0.5mA)  MC1489 0.75 - 1.25
MC1489A 0.75 0.8 1.25

Output Voltage High (Vi = 075V, I = —0.5 mA) VoH 25 4.0 5.0 Vdc
(Input Open Circuit, || = -0.5 mA) 25 4.0 5.0

Output Voltage Low (ViL = 3.0V, I = 10 mA) VoL — 0.2 0.45 Vdc

Output Short-Circuit Current los — -3.0 -4.0 mA

Power Supply Current (All Gates “on,” loyt = 0 mA, V)4 = +5.0 Vdc} Icc — 16 26 mA

Power Consumption (V)4 = +5.0 Vdc) Pc — 80 130 mWwW

SWITCHING CHARACTERISTICS (Vcc = 5.0 Vde =1%, TA = +25°C, See Figure 1.)

Propagation Delay Time (R = 3.9 k) tPLH — 25 85 ns

Rise Time (RL = 3.9 kQ) tTLH — 120 175 ns

Propagation Delay Time (R = 390 kQ2) tPHL — 25 50 ns

Fall Time (RL = 390 kQ2) tTHL — 10 20 ns

TEST CIRCUITS

FIGURE 1 — SWITCHING RESPONSE FIGURE 2 — RESPONSE CONTROL NODE
+5 vdc
AL = VR
All diodes
1N3064
or equiv

o,
I CL [ I
174 RESPONSE NODE
MC1489A
ITLH and tTHL Vin @— eVQ
measured
10% - 90%

C, capacitor is for noise filtering

R, resistor is for threshold shifting.

CL = 15 pF = total parasitic capacitance, which includes |
probe and wiring capacitances i
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1L, INPUT CURRENT (mA)

Vg. OUTPUT VOLTAGE (Vd:)

MC1489, MC1489A

TYPICAL CHARACTERISTICS
(Ve = 5.0 Vdc, Ta = +25°C unless otherwise noted)

FIGURE 3 — INPUT CURRENT

FIGURE 4 — MC1489 INPUT THRESHOLD

VOLTAGE ADJUSTMENT
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FIGURE 5 — MC1489A INPUT THRESHOLD FIGURE 6 — INPUT THRESHOLD VOLTAGE
VOLTAGE ADJUSTMENT versus TEMPERATURE
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