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1993-94 Databook
Solutions with Speed

Comlinear Corporation, located in Fort Collins, Colorado, is a
manufacturer and supplier of high-performance analog signal
processing components. Comlinear's signal conditioning product
line includes high-speed hybrid and monolithic operational
amplifiers, buffers, and clamping amplifiers. The data converter
product line includes track/hold amplifiers and analog-to-digital
converters. The corporate philosophy is to focus development on
products that make a significant contribution toward solving
customer problems. The result has been the ever-expanding line
of high-performance products included in the following pages.

The company is housed in a custom-built facility, which is DESC
certified to MIL-STD-1772. Manufacturing, Quality Assurance,
Research and Development, Administration and Marketing are
centered in this location.

Comlinear's proprietary signal processing components are sold
worldwide to a diverse group of commercial, industrial and
military customers. Representative application areas include
communications (satellite systems, radar, fiber optics), avionics
(electronic counter measures, instrumentation), video (high
resolution displays, video processing and distribution), and
automatic test equipment.

Comlinear believes that a deeply-rooted dedication to quality is a
critical path to customer satisfaction. Statistical process control
and team quality concepts are approaches used throughout the
company to improve quality in activities ranging from new product
releases to order processing to shipping. It is only through this
comprehensive approach to quality that lasting improvements in
all product and service areas can be achieved.

Comlinear's goal is to offer our customers superior products with
quality and service second to none.

Comlinear
Corporation



DISCLAIMER INFORMATION

Warning-Life Support Systems

Comlinear’s products are not authorized for use in life support devices or systems without
express written authorization from the President of Comlinear Corporation. Life support
devices or systems are those which are intended to support or sustain life, and whose
failure to perform when properly used in accordance with the instructions provided can
be reasonably expected to result in significant personal injury or death to the user.

LIMITATION ON WARRANTY AND REMEDIES

Comlinear makes no warranty with respect to its products except as expressly set forth
in its standard conditions of sale. All implied warranties, including any implied warranty
of merchantability or fitness for a particular purpose, are hereby disclaimed. Any warranty
extended on Comlinear products is limited to the replacement of the defective component
and does not cover personal injury, property damage, or incidental, consequential or
special damages.

DISCLAIMER

Information on all products and services furnished herein by Comlinear Corporation is
believed to be accurate and reliable at the time of this printing. Comlinear reserves the
right to make changes to its products and specifications at any time without notice.
Comlinear Corporation does not assume responsibility for the use of the products
described herein.

The products in this databook are covered under one or more of the following patents:
4,358,739; 4,502,020; 4,628,279; 4,639,685; 4,713,628; 4,757,275; 4,766,367; 4,780,689;
5,049,653 (other patents pending).

January 1993
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Modular Series

Model"? -3db Bandwidth |Gain® | Gain Flatness R" & R™ Output at -1dB Gain Rise & Fall | Overload Recovery Group Deviation from Equivalent Input Pack
o (MHz) (dB) (db to MHz) Q) Compression (+dBm@MHz) | Time (nsec) Time (nsec) Delay (nsec) | Linear Phase (°) Noise (uV, ) ackage
CLC100 500 20 +0.05 to 300 50 12 @ 500 0.600 2 14 1 20 197X 414"
00510 - < ’ Mach. Alum. Case
3.0"X3.0"
CLC102 250 15 +0.4 to 200 50 26 @ 100 16 — 23 1 46 Mach. Alum. Case
. Gain bandwidth input output Vo low power output input
Model * (matched load) P impedance impedance (matched load) supply range current voltage
(dB) (MHz, dBm) Q) Q) (V, mA) v) (mA) V)
CLC140 20 500, 10 50 50 +1.25,+£15 +5t0+16 +20 +05
CLC142 15 (inv.) 250, 18 50 50 +10, £250 +12t0£ 16 +250 2
CLC143 15 (inv.) 220,18 50 50 +10, £ 250 +12to+ 16 +250 +2
CLC144 14 1100, 12 50 50 +15,+35 +9t0+16 +40 +0.5
CLC146 0 220,10 FET 50 0r 75 +5,+100 +10to+ 16 +150 £V,
.3 Gain bandwidth input output V. (open load) power output input
Model * (open load) out impedance impedance out supply range current voltage
(VV) (MHz, dBm) Q) Q) (V, mA) (/] (mA) V)
CLC160 51020 170, 18 50 to 1k 50 to 200 +10, £200 +10,t0+ 16 +250 +V,,
CLC162 2t05 250, 10 50 to 1k 50to 1k +10,+100 +5t0+ 16 +150 6
CLC163 5t0 40 170,10 50 to 1k 50to 1k +10,+100 +5t0+£16 +150 note 1
CLC166 10to 40 170,10 50 to 200 50to 1k +10,£50 +5t0t16 +75 note 1
CLC167 10 to 40 150, 10 50 to 200 50to 1k +10, £200 +10to+ 16 +200 note 1
NOTE: THE OUTPUT MUST NOT BE OVERDRIVEN FOR THESE PARTS. THEREFORE THE MAXIMUM £V, WILL BE £ (IV,_ |- 4V)/A,
A R . .gn . . g . °
Unity-Gain and Linear Amplifiers (typical specifications, + 25°C, R, = 50Q)
Model"? Key Features — 3db Bandwidth | Gain| Full Power BW |Harmonic Distortion | Settling Time | Output [Slew Rate| Output Offset Test Versions'
(MHz2) (VV)] (MHz @ Vpp, Ri) | (dBc @ 20MHz, 2Vep) | (nsec, %) (V, mA) | (V/usec) | Drift(mV,uV/°C) | Conditions J klmls L
CLC104 Very Wideband 1100 14dB] 1050 @ 2, 50 —44,-43 12,08 1.5, 40 6000 50, 375 R. 50Q
Linear Amp =215V v
CLC110 Closed-Loop Design 730 0.97| 90 @5, 100 -65,~65 5,0.2 4,70 800 2,20 RL =100Q
Low Distortion V=15V |V v v Y
CLC114 Quad Buffer 200 0.97| 95, @2,100 -50,-58 10, 0.1 4,25 450 5,9 R =100Q
Low Power Vee=#5V |V y N
CLC115 Quad Buffer 700 0.99] 270 @ 4,100 -62,-62 12, 0.1 60 2700 2,25 R_ = 100Q
High Speed Vee=25V |V v Nl




ﬁrational Amplifiers (typical specifications, +25°C)

- 3dB Bandwidth (MHz) Versions'
Model 1,3 Key F Gain Range Full Power BW Settling Time Output | Slew Rate Input Offset Test
A l=4lAl=20]Ial=40] (A = vﬁ,) (MHz@V,,R) (nsec, %) (V,mA) | (Viusec) [ Drift(mV,uV/C) | Conditions 1|K|m
CLC103A High Output Current 170 150 130 +11040 80 @ 20, 100 10,0.4 +11,200 | 6000 10, 50 R, =100Q N BRE
V=15V
CLC203A High Output Current 180 160 130 +110 50 60 @ 20, 100 15,0.2 +£11,200 | 6000 05,5 \l/aL = 100(\2/ NBE
=+15
cc
CLC200A General Purpose 100 95 90 +£11t050 25 @ 20, 200 18,0.1 £12,100 | 4000 10, 35 R_=200Q v
25,0.02 V=15V
CLC201A Low Offset and Drift 100 95 90 +110 50 50 @ 20, 200 18, 0.1 +£12,100 | 4000 05,5 R, = 200Q v
30, 0.02 Vo=+15V
CLC220A General Purpose 200 190 160 +110 50 100 @ 10, 200 8,.01 +£12,50 | 7000 10, 35 R, = 200Q v
15, 0.02 Ve =15V
CLC221A Low Offset and Drift 200 170 120 +110 50 130 @ 10, 200 15, 0.1 +£12,50 | 6500 05,5 R, =200Q v
18,0.02 V=15V
CLC205A Overdrive Protected 190 170 120 | +7t0+50 | 100 @ 10,200 22,0.1 +12,50 | 2400 35,11 R,_=200Q R
Low Power -1to-50 24,0.05 V=15V
CLC206A Overdrive Protected 200 180 90 | +7to+50 | 70 @ 20,200 19,0.1 +12,100 | 3400 35,11 R_=200Q Vv
100mA Output Current -1to-50 22, 0.0 V=115V
n CLC207 Low Distortion 250 170 90 +7t0+50 | 100 @ 10,200 24,0.05 £12,150 | 2400 3.5, 11 R, = 200Q VI
I -1to-50 V,=+15V
CLC300A Low Cost 105 85 70 +11040 45 @ 20, 100 20,0.8 +£10,100 | 3000 10, 25 R, = 100Q v
100mA Output Current Ve =£15V
CLC231A Low Gain Al=1]IAl=2 ] Al=5] =*1to5 95 @ 10, 100 12,01 +11,100 | 3000 1,10 R_=100Q Vi
Buff-Amp™ Low Power 165 165 120 15, 0.05 V, =+ 15V
CLC232 Low Distortion Al=1]Al=2 | Al=5] =*1t05 95 @ 10,100 15, 0.05 +12,100 | 3000 1,10 R_=100Q vV
220 175 110 V_=+15V
CLC400 Low Cost Al=t]Al=2 | Al=8] £1t08 50 @ 5100 12,0.05 £35,70 | 700 (NI) 2,20 R, = 100Q v
Low Power 220 200 60 1600 (IN) V_ =+5V
CLC401 Low Cost Al=7 [ IAl=20 [IAI=50| +7t050 100 @ 5, 100 10.0.1 +35,70 1200 3,20 R_=100Q v
Low Power 180 150 75 V,=+5V
CLC402 14-Bit Accurate lAl=1]Al=2 | Al=8] +£1t08 80 @ 5,100 25,0.0025 +35,55 800 05,30 R_=100Q v
Low Offset and Drift 260 190 85 V_=+5V
CLC404 High Full-Power BW Al=2]1Al=6 |IAl=20| +2t0+21 165 @ 5, 100 10,0.2 +3.3,70 2600 2,0,30 R_=100Q v
Low Power, High Slew 165 175 60 -1to-20 V, =%5V
CLC406 Low Cost IAl=2] lal=6 |IAl=10] £1t010 130 @ 5, 100 12,0.05 +27,70 1500 2,30 R_=100Q v
Low Power 180 160 100 V_=+5V
CLC409 Very Ial=2]1al=6 |lAl=10] £1t010 110 @ 5,100 8,0.1 +35,70 1200 0.5,25 R, =100Q v
Wideband 350 150 100 V_ =+5V
CLC410 High-Speed Video Al=1]1Al=2 | Al=8] +1t08 50 @ 5, 100 12,005 +35,70 | 700 (NI) 2,20 R_=100Q v
Op Amp with Disable 220 200 60 1600 (IN) VvV, =£5V
> CLC411 High-Speed Video A l=1]Al=2 JAl=10] *1t010 75 @ 15, 100 15,0.1 +45,70 2300 2,30 R_=100Q v
Op Amp with Disabler 275 200 37 V,_=+15V
3 CLC412 Dual Amp la,l=2 11010 105 @ 4, 100 12,0.05 +£22,70 1300 2,30 R, = 100Q .
Low Power 320 V,=£5V
CLC414 Quad Amp A l=2]1al=6 [IAl=10] *1to10 55 @ 5, 100 16,0.1 +28,70 1000 2,30 R, =100Q v
Low Power 70 90 60 V_=+5V
CLC415 Quad Amp Al=2] A l=6 |Al=10] +1t010 120 @ 5,100 12,0.1 +26,70 1500 2,20 R_=100Q v
High Speed 180 160 140 V_=+5V




Operational Amplifiers (typical specifications, +25°C)

i 1
Model"s Key Features - 3dB Bandwidth (MHz) | Gain Range | Full Power BW | Settling Time | Output {Slew Rate | Input Offset Test Versions
(Av=VoVi) | (MHz@Vpp, Re) (nsec, %) (V, mA) (Viusec) Drift (mV,uV/°C) | Conditions |J |E |1 [K IM 8
CLC 420 Voltage Feedback jAvl=1 |IAv]=2 ||AVI=5 | £1to10 40@5, 100 18,0.01 3.2,70 1100 0.5,4/1,3 Ru+100Q [N |V |V y
Low Gain 300 100 25 Vec = +5V
— CLC422 Voltage Feedback  ||Av|=30 | |AvI=40| |Av|=50] +30to+200 | 200@s5, 100 17,02 +3.8,70 2300 08,2 RLt100Q N[V [V v
High Gain 250 200 120 Vee = 5V
—_ CLC425 Ultra Low Noise |Avl=20 | |Av|=40{ £10 to 1000 TBD 22,0.1 3.4,90 350 01,3 RL£100Q |V |V |~ .
Wideband Op Amp 85 40 Vee = 5V
CLC430 Low Gain Op Amp [Avl=1 |Avl=2 |IAI=10] £1to10 27@10, 100 35, 0.05 18, 85 2000 2,25 RL+100Q |V |V |V N
with Disable 48 55 19 Vee = 15
CLC501 Clamped Output |Av|=8 | |AvI=20]IAv|=32] +7t0o+50 80@5, 100 12,0.05 +3.5,70 1200 15,10 Ru+100Q N |V |V V
insec Overload Recovery | 165 120 80 -1to-50 Vee = £5V
CLC502 | Clamped Output, Low | lAvI=1 J|A/|=2 | |AVI=8 | +1to8 65@5, 100 25,0.0025 | %3.5,55 800 0.5,3.0 Rux100Q |V |V |V N
Offset, 14-bit Settling 190 150 75 Vee = 25V
CLC505 Very Low Pro- |Al=6 [|AvI=6 |IAVI=6 | +2t0+21 80@5, 500 14, 0.05 +3.3,25 1200 3.0, 40 lee=34mA |V [V |V v
grammable Supply Current/ 50 100 150 -1to-20 Vee = £5V
Power (10mW-100mW) | lecimA | lcc3.4mA] leccOmA
High Power Ampilifiers (typical specifications, +25°C, R. = 50Q0)
-
<.'n Model'? Key Features |- 3dB Bandwidth Large Signal 2nd/3rd Harmonic Distortion (dBc) |Rise Time| Input Offset Gain Rout Output Versions'
(MH2) Bandwidth 10dBm (2Vpp) 24dBm (10Vep) | (nsec) | Drift (mV,uV/°C) | Range Range (Q) (V, mA)
(MHz@Vpp) 20MHz | 100Mhz] 20MHz |100MHz (VIV) 1|K[m]s
CLC560 High-power, 215 120@10Vpp(24dBm) | -60/-62 | -54/ 44 | - 46/ -38 | -33/ -25 1.6 2.0,35 + 510 + 80| 25Qt0200Q | +10V,200mA | v
adjustable output (50MHz)
impedence
CLCs61 215 150@10Vpp(24dBm) | -59/-62 | -35/49 | -50/-41 | -40/-30 1.5 2.0,35 + 50+ 80| 25Qt0200Q | +10V,200mA | v
- - g - V1 - o
Variable Gain Amplifiers (typical specifications, + 25° C)
Model's Key Features -3(dB) Bandwidth (MHz) Gain Adjust Signal Full Power BW [Settling Time| Output | Slew Rate | Output Offset Version'
Signal Channel | Control Chan. | Range (dB) | Non-Linearity (%) | (MHz@Vpp,RL) (nsec, %) (V,mA) (V/usec |Drift (mV,uv/°C) |J |E |1 |[K M |8 |L
CLC520 Voltage Controlled 160 100 -40 0.04 140 @ 4,100 12,0.1 +3.5, 70 2000 40, 100 VN |- .
Gain (AGC)
e CLC522 Variable Gain 165 165 - 40 0.04 150 @ 5, 100 18, 0.1 +4,70 2000 25,100 NV |- < |-
Amplifier (VGA)
Analog Multiplexers (typical specifications, +25°C)
1.3 Switching| Input Crosstalk | Settling Settling 2nd Harmonic | 3rd Harmonic Digital Versions' |
Model '~ | Channels| Speed Voltage | Rejection Time to Time to Distortion Distortion Interface Features 1
(ns) Range (dB) 0.01% 0.0025% (dBc) (dBc) Ejl |K{M|8]L
—9CLC 532 2:1 6 +3.4V - 80 17ns 35ns -80 -86 TTLECL Buffered input/output |V N v
%CLC 533 4:1 7 +3.4V - 80 17ns - 80 - 86 TTUECL Buffered input/output | V|V | ¥ v




Y
I

o]

Analog to Digital Converters (typical specifications, + 25°C)

Model™® | Resolution Sampling Input Differential| Spurious Free Signal SNR (excl. Dynamic Digital | Power |Architecture | Features Versions'
(Bits) Rate Voltage Non-Linearity Range SFSR (dB) harmonics) Test Inter- |Dissipa-
(MSPS) Range (LSB's) (dB) Conditions face |tion (W) CldJ KIM|8
CLC9228 12 deto 10 £V 0.35 66.6 66.6 Foomers | TTL [ 4 5V N
mFS ~1dB Sub-system
CLC925B 12 doto10 | 2Vmovera 035 66.8 66.6 F=1OMSPS | | 42 | Complete | Intemal N
-2V to + 2V F., =4.996MHz sub-syst T/H and
range FS =—1dB e | eremce
n
_ has gain
CLC935 12 dcto 15 +1V 0.7 75.0 66.3 FF8:71 22A7SMPS ECL 52 Complete  |and offset | ¥ N
S AR Sub-system | adjust
CLC936 12 dc to 20 1V 0.7 65.0 64.0 FFS:QZ%I;ASS“:PS(Z ECL 5.4 Complete N N
S —1dB Sub-system
3 =
% CLC937 dc t0 25.6 65.0 62.0 ’l-;s —-2956%'21\3;:3 6.4 internal |V .
"Fs = 1dB it and
= reference
ok =
c)_\.9 CLC950 12 dcto 25.6 v 1.0 65.0 64.0 Es :%SG%hélaﬁi TTUECL 1.9 Complex Internal N N
in_ 3" Monolithic TH
FS=1dB
‘Track + Hold Amplifiers (typical specifications, + 25° C, R_ = Rg = 50Q, V. = + 15V)
e H-to-T T-to-H Effective Aperture -3dB Pedestal Feedthrough Versions'
Model * Acquistion Time, Settling Time Aperture ditter Bandwidth | Slew Rate Offset Rejection Output Digital
Tolerance {o 1mV (nsec) Delay (nsec) (psec,.) (MHz) (V/us) (mV) (dB at 20MHz) (£V, mA) Control |J |1 |KIM
CLC940 10, 1.0
Flash-Track™ 16.0.1 12 25 1 150 470 2 74 22,50 | ECLorTTL{ [N | |V
20, 0.1 22
CLC942 25, 0.01 5 -15 1.4 70 300 8 78 50 ECL V u
NOTES: 2CLC100 and CLC104A are non-inverting, CLC102 is inverting gain.
"The version designation indicates the temperature range and screening level: ®Evaluation boards are available for all hybrid and monolithic integrated circuits. Encased and
version temperature screening connectorized versions of the CLC103, CLC203, CLC200, CLC201, CLC220, CLC221, CLC231 and
C: 0°'Cto+70°C commercial CLC104 are available as well. Contact Comlinear or your local Comlinear representative for details.
J: -40'Cto+85C industrial *Contact the factory for further information.
I: -40'Cto+85C industrial: hybrid Indicates new products since 1991 databook.
E: -40°'Cto+85°C commercial SOIC
K: -55Cto+125°C high-reliability industrial hybrid
L: -55°Cto+125°C dice
M: -55'Cto+125°C hybrid: high-reliability military
8: -55'Cto+125°C MIL-STD-883 compliant

See the individual product data sheets for details.
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Package
Type
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Quality excellence is an approach to business based on
understanding the customer’s needs, and then striving
consistently and efficiently to meet those needs with desired
products and services.

Comlinear recognizes that pursuing quality excellence will
result in both increased customer and employee
satisfaction by achieving higher productivity, improved
reliability and increased value.

At Comlinear, quality excellence is implemented through a
continuous and committed team approach to quality
improvement, from senior management through all
employees for all activities of the company.

We elevate quality beyond its typical stature as a military
mandated program, and foster an environment where it
becomes a pervasive operating attitude. Comlinear’s
ability to deal with the required elements of a quality
programis shown by the continual maintenance of our MIL-
STD-1772 facility certification, and our MIL-STD-883
compliant, DESC SMD approved, monolithic and hybrid
products.

What makes Comlinear a preferred supplier are our efforts
to address the competitive challenge in today’s market by
focusing on the quality of all of our products and services.

Our commitment to product assurance means that we start
with the required systems and then enhance them with the
most up-to-date quality assurance techniques available.
Tools such as SPC, quality improvement teams, and
experimental design are all used in an environment of Total
Quality.

Application of these techniques is the responsibility of all
managers and employees. These techniques, and the
desire for continuous quality improvement, are found in
areas ranging from accounting, research and development,
and computer services to manufacturing processes and
shipment.

The Quality Assurance group supports these efforts by
providing technical resources in quality engineering for
failure analysis, reliability monitoring, and process
improvement. Furthermore, quality levelsin manufacturing
are continually measured and the information is supplied to
the responsible managers.

Comlinear will be pursuing assessment and certification to
the International Organization for Standardization (1SO),
specifications 9000 and 9001. This effort will solidify
Comlinear’s commitment to fulfilling customer needs and
achieving product and service excellence.

PRODUCTS AND TECHNOLOGIES

Comlinear’s hybrid circuit manufacturing is located in our
MIL-STD-1772 certified production line in Fort Collins,
Colorado. Our capabilities include high density thin film
substrate fabrication incorporating high precision, high
stability tantalum nitride resistors, gold metalization, and
alumina substrates. Monolithic microcircuits are fabricated
in the U.S.A. using a high speed complementary bipolar
integrated circuit process. This combination has
demonstrated an actual failure rate for ICs of less than 1.0
FIT in lifetesting.

Both monolithic and hybrid products are available as MIL-
STD-883, industrial orcommercial levels. DESC SMDs are
available for most of our catalog hybrid and monolithic
products. Our monolithic products are also available as
MIL-STD-883, S (space) level compliant. Though our
hybrid products can be processed to selected K (space)
level criteria, the final product would not be compliant or
certified to MIL-STD-883 or MIL-M-38534, K level.

ENVIRONMENTAL IMPACT/SAFETY
AWARENESS

Comlinear is actively pursuing the elimination of ozone
depleting substances (ODS)in its manufacturing processes
and is persuading its suppliers to comply with the Montreal
Protocol and all U.S Federal regulations.

The flammability rating of commerecial, plastic DIP, monolithic
products is 94V-0 of the UL-94 Flame Class; this rating is
subject to change without notification.

The following section outlines the various flows for both the
hybrid and the monolithic product lines and provides
additional reliability data.




Comlinear has the expertise, productlines and demonstrated
reliability to support your space-based systems. Inaddition,
we have the experience and program management
necessary to meet the unique demands of processing
components to space level MIL-STD-883 or custom flows.

The monolithic product lines have been designed for the
robust, reliable assembly and high radiation tolerance
necessary for success in the space system environment.
Also, a mono-metallic gold wire bonding system is used for
superior dependability.

Recognizing the special nature of space programs and the
impact of component performance on system capability,
we are fully prepared to provide either our standard S Level
screening or full custom processing flows to suit your

application requirements. Hybrid products can be
processed to selected K (space) level criteria, but the final
product would not be compliant or certified to MIL-STD-
883 or MIL-M-38534, K level. Contact Comlinear for
specific information.



Radiation testing has been completed on several Comlinear products at different levels. Our complementary
bipolar IC process, for instance, has shown radiation tolerance up to one megarad total dose.

Radiation Test Data Summary-

Part |Package Date |Neutron| Total | Dose
Number | Type |Quantity| Code | Irrad. | Dose Rate | Result Summary
(neutron/cm?) (krads)
CLC205 TO-8 [5+1Control| 8931 None 50, 100 126rad | Devices withstood radiation
300, 1000 | (Si)/sec | to 1Mrad (Si) with little
degradation.
CLC220 TO-8 4+1Control 8508 3.36 x 10| 100, 300 | Unknown | No change in ac
500, 1000 characteristics. Slight change
in dc bias characteristics.
CLC231 TO-8 4 1.2x10% None None Slight change in dc operating
3.2x 10 characteristics and distortion.
9.9x 10" No change in gain and
25x10% bandwidth.
36 x 10%
CLC400 | Ceramic | Controls 8817 None |10, 30, 100| 140rad | Negligible degradationto
(:054'x.054" {Side-brazed 300, 1000 | (Si)/sec | 1000 krad specification.
TYP die size) DIP Should meet specifications to
3000krad.
CLC401 | Ceramic 1.85x10™| None None Very little change in the small
(.054"x.054" |side-brazed signal frequency response
TYPdiesize) |  DIP over a wide gain range.
CLC401 Ceramic 4 9136 None 10, 30,50 | 570rad | No degradation of test limits
(.039"x.039" |side-brazed 100 (Si)/min | up to 100 krads.
TYP die size) DIP
CLC501 | Plastic DIP 2 None 5,10, 15 | 50 rad/hr | No degradation of gain at all;
20, 25 slight degradation of
bandwidth at initial radiation
exposure only.
CLC925 | Ceramic 2 None 0.5, 1, 1.5 | Unknown | Performance is virtually
side-brazed 2,5,10, 20 constant from 0 to 56 krad
DIP 38, 40, 50 total dose. Any trend versus
56 total dose is obscured by test

repeatability.

"Detail Reports Available

Date: 1/93




Comlinear is involved in and supports a drawing (detail
specification) standardization program administered by
the Defense Electronics Supply Center (DESC). This
program covers all Comlinear products compliant to MIL-
STD-883paragraph 1.2.1, MIL-M-38510 and MIL-H-38534
for monolithic and hybrid devices.

SMD CLC Part
Number Number

5962-89594 CLC231
5962-89858 CLC206
5962-89910 CLC200
5962-89911 CLC220
5962-89970 CLC400

5962-89973 CLC401
5962-89974 CLC501
5962-89975 CLC110
5962-90600 CLC410
5962-90756" CLC560

5962-90833 CLC201
5962-90835 CLC205
5962-90836 CLC221
5962-90925 CLC500
5962-90977 CLC207

5962-90993 CLC505
5962-90994 CLC404
5962-90995 CLC925
5962-91665 CLC232
5962-91666" CLC422

5962-91693 CLC414
5962-91694 CLC520
5962-91743 CLC502
5962-91758 CLC420
5962-92004 CLC406

5962-92030 CLC430
5962-92033 CLC402
5962-92034 CLC409
5962-92035" CLC532
5962-92039" CLC935

5962-92339 CLC114
5962-93055 CLC415

* Release Pending

The following listing identifies those models which have
DESC (SMD) approval or are in process. Comlinear will,
upon device qualification, apply for and seek SMD approval
of all products to be compliant to military standards.

Contact Comlinearfor new releases or any models currently
in-process which are not listed herein.

CLCPart SMD
Number Number

CLC110 5962-89975
CLC114 5962-92339
CLC200 5962-89910
CLC201 5962-90833
CLC205 5962-90835

CLC206 5962-89858
CLC207 5962-90977
CLC220 5962-89911
CLC221 5962-90836
CLC231 5962-89594

CLC232 5962-91665
CLC400 5962-89970
CLC401 5962-89973
CLC402 5962-92033
CLC404 5962-90994

CLC406 5962-92004
CLC409 5962-92034
CLC410 5962-90600
CLC414 5962-91693
CLC415 5962-93055"

CLC420 5962-91758
CLC422 5962-91666
CLC430 5962-92030
CLC500 5962-90925
CLC501 5962-89974

CLC502 5962-91743
CLC505 5962-90993
CLC520 5962-91694
CLC532 5962-92035
CLC560 5962-90756"

CLC925 5962-90995
CLC935 5962-92039




Thislisting provides mean time between failure (MTBF) rate
prediction analysis, calculated in accordance with MIL-
HDBK-217E. The stated values are for MIL-STD-883, B
level, Hlevel, or Comlinear Mlevel processed versions. For

monolithic products, the number range of transistors has
been shown; these products are achieving a continuous
tested FIT (Failures in Time) rate of <1.0 fails per billion

device hours.

Part’ MTBF' Number of Product
Number (million hours) Transistors? Process®
CLC103 1.76 H
CLC110 59.5 <100 M
CLC114 44.8 <100 M
CLC115 13.4 <100 M
CLC200 1.47 H
CLC201 1.30 H
CLC203 1.68 H
CLC205 1.77 H
CLC206 2.06 H
CLC207 1.77 H
CLC220 1.42 H
CLC221 1.30 H
CLC231 1.65 H
CLC232 1.65 H
CLC400 421 <100 M
CLC401 51.4 <100 M
CLC402 56.3 <100 M
CLC404 75.3 <100 M
CLC406 88.8 <100 M
CLC409 70.0 <100 M
CLC410 50.3 <100 M
CLC411 15.7 <100 M
CLC412 51.7 <100 M
CLC414 30.9 101 - 300 M
CLC415 23.2 101 - 300 M
CLC420 90.9 <100 M
CLC422 56.3 <100 M
CLC425 59.0 <100 M
CLC430 20.0 <100 M
CLC501 40.6 <100 M
CLC505* 68.4 <100 M
CLC520 24.7 <100 M
CLC522 12.2 <100 M
CLC532 27.8 <100 M
CLC533 10.8 101 - 300 M
CLC560 1.64 H
CLC561 1.64 H
CLC922 see datasheet plot H
CLC925 see datasheet plot H
CLC935 see datasheet plot H
CLC936 see datasheet plot H
CLC940 1.15 H
CLC942 2.22 H

'Based on MIL-STD-883, B Level, H level or our M level versions; per MIL-HDBK-217E; Ground Fixed (GF) at 70° C case
still air (hybrid), GF at 25° C ambient still air (monolithic). 2For CLC hybrid products, the number of transistors is not listed
due to further transistor attributes beyond the scope of this listing; these attributes should be discussed with Comlinear
personnel directly. ®H = hybrid; M = monolithic. *Rp=33kQ




Ceramic side-
Package| Plastic DIP Plastic SOIC brazed DIP CERDIP
CLC Pkg P E D B
Code
CLC Part eJA eJA ew 9Jc 0 A 0 i
Number

cLC110 100 125 100, 28 120, 50
CLC114 75 75 75, 28 TBD
CcLC115 75 75 75, 28
CLC400 100 125 100, 28 120, 50
CLC401 100 125 100, 28 120, 50
CLC402 100 125 100, 28 100, 50
CLC404 100 125 100, 28 100, 50
CLC406 100 125 100, 28 120, 50
CLC409 100 125 100, 28 100, 50
CLC410 100 125 100, 28 100, 50
CLC411 100 125 TBD
CLC412 100 125 100, 50
CLC414 75 75 75,28 TBD
CLC415 75 75 75, 28 TBD
CLC420 100 125 100, 28 100, 50
CLC422 100 125 100, 28 100, 50
CLC425 100 125 120, 50
CLC430 100 125 100, 28 100, 50
CLC501 100 125 100, 28 100, 50
CLC502 100 125 100, 28 100, 50
CLC505? 100 125 100, 28 100, 50
CLC520 75 75 75, 28 TBD
CLC522 75 75 TBD
CcLC532 75 75 75, 28 TBD
CLC533 75 75 TBD

'Typical, °C/W, ambient temperature 25°C, still air

°R =33kQ




Comlinear’s products are Electro Static Discharge (ESD) Ratings listed below are based on criteria set forth per MIL-
sensitive and are designed, processed, handled and STD-883, Method 3015. Device ESD classifications are:
packaged with consideration to both optimal ESD protection

and product high performance. Class 1: 0 to 1999 volts
Class 2: 2000 to 3999 volts
Class 3: 4000 volts and above
Part Part
Number Class Number Class

CLC103 1 CLC411 1

CLC104 1 CLC412 1

CLC110 1* CLC414 1*

CLC114 1* CLC415 1*

CLC115 3* CLC420 2*

CLC200 1 CLC422 1*

CLC201 1 CLC425 1

CLC203 1 CLC430 3*

CLC205 1 CLC501 1*

CLC206 1 CLC502 1*

CcLC207 1 CLC505 1*

CLC220 1 CLC520 1*

CLC221 1 CLC522 1

CLC231 1* CLC532 1*

CLC232 1 CLC533 1

CLC300 1 CLC560 1

CLC400 1* CLC561 1

CLC401 1* CLC922 1

CLC402 2* CLC925 1

CLC404 1* CLC935 1

CLC406 1* CLC936 1

CLC409 1 CLC940

CLC410 1* CLC942 1

*These parts have been tested and classified; others are
considered Class 1 by design similarity. All products are
marked with one ESD triangle symbol.



883 H Level

Internal Visual
M2017H

HYBRID

Comlinear S Level

Element
Evaluation
per M5008K

Stabilization Bake
M1008
Condition C

T

Assembly

Thermal Shock
M1011
Condition A

100% NDT
Bond Pull
M2023

Constant
Acceleration
M2001

Internal
Visual
M2017K

Electrical Test
(optional per Detail Spec)

Stabilization
Bake M1008
Condition C

3

Burn-In
M1015
+125C° min

Final Electrical Test
-55°C, +25°C, +125°C
(per Detail Spec)

T

Thermal Shock
M1011
Condition A

Final Electrical Test
-55°C, +25°C, +125°C

1

Fine and Gross
Leak
M1014

( per Detail Spec)
1

Constant Acceleration
M2001
Condition A

Fine and Gross
Leak
M1014

X-Ray
M2012

PIND Test
M2020
Condition B

External
Visual
M2009

External
Visual
M2009

Pre-Burn-In
Electrical
+25°C

Quality Conformance
Inspection 2
Group A, B,C, D

Quality Conformance
Inspection
Groups A, B, C, D

Burn-in
M1015, M5008K
+125°C

'All processing flows are based on MIL-STD-883, MIL-H-38534 and are subject to change to
correspond to current revisions. MXXXX references are to test methods in MIL-STD-883.

2Quality Conformance Inspection is per MIL-H-38534, option 1 (in-line).




M Level

Internal Visual
M2017
(with exceptions)

HYBRID

K Level (Industrial)®

Internal Visual
per
Industrial Specifications

| Level

Stabilization Bake
M1008
Condition C

Internal Visual
per
Industrial Specifications

Burn-in
+125°C for
24 hours

Final Electrical
Test
+25°C

Thermal
Shock
Condition A

1

Final Electrical Test
-55°C, +25°C, +125°C

Constant
Acceleration
Condition A

1

External
Visual

T

Fine and
Gross
Leak

Electrical Test
(Optional)

External
Visual

Burn-In
M1015
+125°C min

I

Final Electrical Test
-55°C, +25°C, +125°C

Fine and Gross
Leak
M1014

External
Visual
M2009

Quality Conformance
Inspection
(when specified by contract)

'All processing flows are based on MIL-STD-883, MIL-H-38534 and are subject to change to
correspond to current revisions. MXXXX references are to test methods in MIL-STD-8883.

2Comlinear identification of an industrial grade flow. Not a 1772 "S Level" equivalent.
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MONOLITHIC

883 Class B Class S
Internal Visual Wafer Lot
M2010 Acceptance
Condition B Per M5007
I [
Tempeﬁgtg;eOCyclmg Assembly
Condition C Per M5004S
I I
Constant Acceleration 100% NDT
M2001 Bond Pull
Condition E M2023
I I
Fine and Gross Internal Visual
Leak M2010
M1014 Condition A
I I
Pre-Burn-In Temp Cycling
Electrical Test 10 Cycles M1010,
(Optional) Condition C
I I
Burn-In Constant Acceleration
M1015 M2001
+150°C min Condition E
I I
Electrical Test PIND Test
+25°C (per applicable M2020
detail specification) Condition A
I I
PDA Pre-Burn-In
: Electrical Test
Calculation +25°C |
I [ v
Final Electrical Test Burn-In X-Ray
-55°C, +125°C, (per appli- M1015 M2012
cable detail specification) +150°C
[ I I
External Final Electrical Test Externai
Visual -55°C, +25°C,+125°C Visual
M2009 (per Detail Spec) M2009
I T I
Quality Conformance Fine and Gross Quality Conformance
Inspection M5005 Leak Inspection
Groups A, B, C, D M1014 M5005S

'All processing flows are based on MIL-STD-883 or MIL-M-38510 and are subject to change
to correspond to current revisions. MXXXX references are to test methods in MIL-STD-883.
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| Level

Internal Visual
Inspection
M2010

MONOLITHIC

J Level

Visual Inspection
per commercial
specifications

C Level

Visual Inspection
per commercial
specifications

Temperature Cycle
10 Cycles

I

Electrical Test
+25°C DC

Fine and Gross
Leak
M1014

|

QA Sample
Electrical Test
+70°C, 0°C DC, +25°C AC

T

QA Sample
Electrical Test
+85°C DC, +25°C AC/DC

I

Electrical
Test
+25°C DC

Electrical Test
+25°C
AC/DC

External
Visual

I

QA Sample
Electrical Test
+85°C DC, +25°C AC/DC
|

External
Visual

External
Visual

'All processing flows are based on MIL-STD-883 or MIL-M-38510 and are subject to change
to correspond to current revisions. MXXXX references are to test methods in MIL-STD-883.
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Quality Conformance Inspection
HYBRID

In-line Group A will be performed on inspection lots less than 500 pieces. Should end of line
sampling techniques be utilized, the table below will be followed. Refer to detail specification for
electrical tests within each subgroup.

Group A, H Level

Subgroup Parameters S&mcg;e
1 Static Test +25°C 116 (0)
2 Static Test at maximum operating temperature 76 (0)
3 Static Test at minimum operating temperature 45 (0)
4 Dynamic Test +25°C 116 (0)
5 Dynamic Test at maximum operating temperature 76 (0)
6 Dynamic Test at minimum operating temperature 45 (0)
7 Functional Test +25°C 116 (0)
8 Functional Tests at maximum and minimum operating temperatures| 76 (0)
9 Switching Test +25°C 116 (0)
10 Switching Test at maximum operating temperature 76 (0)
11 Switching Test at minimum operating temperature 45 (0)

2-14




HYBRID

Group B, In-Line

Test Method Condition S&\rgg;e

Subgroup1

Physical Dimensions 2016 Monthly 2 (0)
Subgroup 3

Resistance to Solvents 2015 Each Ink Lot 4(0)
Subgroup 4

Internal Visual/Mechanical 2014 Monthly 100
Subgroup 5

Bond Strength

1. Thermocompression 2011 C or D, Weekly 2(0)

2. Ultrasonic or Wedge C or D, Weekly
Subgroup 6 First lot and major change.

Die Shear 2019 Performed as part of Group C. 2(0)
Subgroup 7 Solder Temperature 245 + 5°C

Solderability 2003 each package lot. Performed as 1(0)

part of Receiving Inspection.
Subgtoup 8 1014 Performed 100% 100%
Group C, In-Line
Test Method Condition S&rgglf

Subgroup1

External Visual 2009 15 (0)

Temperature Cycle or 1010 C minimum

Thermal Shock 1011 A minimum

Mechanical Shock or 2002 B,Y, direction

Constant Acceleration 2001 AY, direction

Seal Test 1014

Visual Exam 1010/1011

End Point Electricals +25°C DC
Subgroup 2

Life Test 1005 1000 hours at 125°C(minimum) 22 (0)

End Point Electricals +25°C DC
Subgroup 3 ; 3 (0) or

Intarnal Water Vapor 1018 5000 ppm Hz0 Maximum 3 g 1;
Subgroup 4 22 (0

Wirebond Strength 2011 D wire(as2
Subgroup 5 22 (0)

Die Shear 2019 die

1 Class H, 45 (0) wires, Condition S.




HYBRID
Group D, H Level, In-Line' (Option1)

- Quantity
Test Method Condition Accept No.
Thermal Shock 1011 C 3(0)
; Per Time/Temp in
High Temperature Bake 1008 MIL-H.38534 3(0)
Lead Integrity 2004 B2 3(0)
Seal 1014 A,, unlidded cases 3(0)

'Each package lot as part of incoming inspection.
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Quality Conformance Inspection
MONOLITHIC

Group A, Classes B and S!

Subgroup Parameters S&mcg)le
1 Static Test +25°C 116 (0)
2 Static Tests at maximum rated operating temperature 116 (0)
3 Static Tests at minimum rated operating temperature 116 (0)
4 Dynamic Test +25°C 116 (0)
5 Dynamic Tests at maximum rated operating temperature 116 (0)
6 Dynamic Tests at minimum rated operating temperature 116 (0)
7 Functional Test +25°C 116 (0)

8A Functional Tests at maximum rated operating temperature 116 (0)
8B Functional Tests at minimum rated operating temperature 116 (0)
9 Switching Test +25°C 116 (0)
10 Switching Tests at maximum rated operating temperature 116 (0)
11 Switching Tests at minimum rated operating temperature 116 (0)

! Refer to detail specification for electrical tests within each subgroup.




MONOLITHIC

Group B, Class B

Test Method Condition S:r-rl;;? (:gc)
Subgroup 2
A. Resistance to Solvents 2015 4(0)
Subgroup 3 . o 10
A.” Solderability 2003 Soldering Temperature of 245 + 5°C leads
Subgroup 5 10
A.” Bond Strength 20m D bonds
Group B, Class S
ALTPD or
i cceptance
Test Method Condition ngnﬁty
Subgroup 1
A. Physical Dimensions 2016 2(0)
B. Internal Water Vapor 1018 5000 ppm at 100°C 3 (0) or
5(1)
Subgroup 2 ,
A. Resistance to Solvents 2015 4 (0)
B. Internal Visual and 2013, 2014 2 (0)
Mechanical
C. Bond Strength 2011 D 22 (0) wires
D. Die Shear 2019 3(0)
Subgroup 3
A. Solderability 2003 22 (0)
leads
Subgroup 4
A. Lead Integrity 2004 B2 45 (O)leads
2004 D (Leadless chip carriers) 15 (O)pads
B1. Fine Leak 1014 A2 5
B2.Gross Leak 1014 C1 5
C. Lid Torque 2024 As appiicabie -
Subgroup 5 Group A, Subgroups
A. Pre-life test (electrical) 123 -55°C, +25°C, +125°C DC 5
B1.Board Check 1005 100%
B2. Device Functional Test 1005 100%
B3.Steady State Life 1005 B, 500 hours at 150°C 5
B4. Device Functional Test 1005 100%
C. Post-Life Test (electrical) |Group A, Subgroups| -55°C, + 25°C, +125°C DC 5
1,2,3

(continued on next page)




Group B, Class S

LTPD or
Test Method Condition Acceptance
Quantity
Subgroup 6
A. End Point Electrical Test Per SCD +25°C AC/DC 15
B. Temperature Cycling 1010 C, 100 cycles per minute 15
C. Constant Acceleration 2001 E, Y1 15
D1. Fine Leak 1014 A2 15
D2. Gross Leak 1014 C1 15
E. End Point Electrical Test Per SCD +25°C AC/DC 15
Group C, Class B
Test Method Condition LTPD
Subgroup 1
A. Steady State Life Test 1005 184 hours at 150°C min 5
or equivalent
B. End Point Electricals +25°C DC 5




MONOLITHIC

Group D, Classes Band S

Test Methods Conditions Salr_erl)DIg (zrcc
Subgroup 1
A. 9 Ph)rl)sical Dimensions 2016 15
Subgroup 2
A. Lead Integrity 2004 B2 15
. 2004 D (leadless chip carrier) 5
B1. Fine Leak 1014 A2 5
B2. Gross Leak' 1014 c1 5
Subgroup 3
Thermal Shock 1011 B (min), 15 cycles (min) 15
B. Temperature Cycling 1010 C, 100 cycles (min)
C. Moisture Resistance 1004
D. End Point Electricals +25°C DC
E. Visual Exam 1004, 1010
F1. Fine Leak 1014 A2
F2. Gross Leak 1014 Ct1-
Subgroup 4
Mechanical Shock 2002 B (min) 15
B. Vibration, Variable Frequency 2007 A (min)
C. Constant Acceleration® 2001 E (min), Y, orientation
D1. Fine Leak 1014 A2
D2. Gross Leak 1014 C1
E. Visual Exam 1010,1011
F. End Point Electricals +25°C DC
Subgroup 5
A. Salt Atmosphere 1009 A (min) 15
B. Visual Exam 1009
C1. Fine Leak 1014 A2
C2. Gross Leak 1014 C1
Subgroup 6 3 (0) or
A. Internal Water Vapor 1018 5000 ppm H,O maximum 100°C 5{1)
Content

(continued on next page)




MONOLITHIC

Group D, Classes B and S (continued)

Test Method Conditions s alr_:n-geD(,oArc )
Subgroup 7
A. Adhesion to Lead Finish* 2025 15
leads
Subgroup 8
A. Lid Torque? 2024 5(0)

' Seal test (Subgroup 2B) need be performed only on packages that have leads exiting
through a glass seal.

2 Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame lead
or package body (i.e., wherever the frit seal establishes hermeticity or package integrity).

3 Microcircuits which are contained in packages which have an inner seal or cavity
perimeter of two inches or more or have a package mass of 5 grams or more, may be
tested to condition D (unless otherwise specified).

4 Adhesion of lead finish not applicabe to leadless chip carriers.

A reliability qualification and monitoring program exists for all Hi-Rel as well as
commercial/industrial products. Details of this program and current data for the different
product lines are available upon request.
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General Purpose

_3dBBandwidth  SeftingTime  Slew Input Offset Voltage Output
@ Gain to % Accuracy Rate At25°C Drift Voltage  Current  GainRange
Category Description  Model (MHz@VNV) (nsecto%)  (Viusec) mV)  (uVFC)  (xV)  (xmA) (V,V)  Package'
+5VCurrent Low Gain CLC400 200@2 1210005 700 (NI) 2 20 35 70 £1108 DIP
Feedback 1600 (IN)
High Gain CLC401 150@20 10100.1 1200 3 20 35 70 +71050 DIP
HighSlewRate ~ CLC404 175@6 10t00.2 2600 2 30 33 70 taor  oe
Low Power CLC406 160@6 12100.05 1500 2 30 +31,-27 70 +1t0£10  DIP
Dual Wideband ~ CLC412 32002 12100.05 1300 2 30 33 70 +11010 DIp
+15VCurent General Purpose  CLC200 9%5@20 25100.02 4000 10 35 12 100 +11050 TO-8
Feedback
LowOffset cLc201 9%5@20 30100.02 4000 05 5 12 100 £11050 TO-8
Low Power cLC205 170@20 2410005 2400 35 1 12 50 tos0,  TOS
GeneralPupose  CLC206 180@20 210005 3400 35 1 12 100 TN TO8
LowGain cLC231 165@2 15t00.05 3000 1 10 1 100 1105 T0-8
General Purpose  CLC300 85@20 20t00.8 3000 10 25 10 100 +1t040 DIP
High-Speed cLeatt 200@2 15100.1 2300 2 30 6.0 70 +11010 DIP
Low Cost CLC430 s@2 40t00.1 2000 2 8D 13 85 £11010 DIP
Monolithic
+5VVoltage Low Gain CLC420 500 @ 1 18100.01 1100 05 4 36 70 11010 DIP
Feedback
High Gain cLC422 200 @ 40 171002 2300 08 2 38 70 +30t0200 DI
Ultra Low Noise ~ CLC425 90 @ 20 22100.1 350 0.1 2 38 90 +10101000  DIP
Quad Low Power CLC414 @6 24100.1 1000 2 30 28 70 £11010 DIP
Amplifiers
High Speed CLC415 160@6 12100.1 1500 2 20 26 70 £11010 DIP
Primary package is listed. Other packages exist for many products. See data sheets for details.
Very High Speed
_3dBBandwidth  Slew  RisefFall  Settling Time Supplles Output
@ Gain Rate Time to%Accuracy GainRange  Voltage  Current  Voltage  Current
Description Model (MHz@ V) (V/usec) (nsec) (nsecto%) (Vo/Vi) (] (mA) (V) (xmA) Package'
HighSlewRate  CLC220 190@20 7000 19 1500002 11050 £51015 30 12 50 T0-8
Low Offset cLc221 170@20 6500 21 1810002  %11050 +5t015 30 12 50 TO-8
HighSlewRate  CLC404 175@6 2600 20 10100.2 +2t021 5 1 33 70 DIP
Monolithic -1to-20
Wideband CLC409 350@2 1200 13 8t00.1 +11010 5 135 35 70 DIP
Monolithic
High-Speed cLeatt 200@2 2300 23 15100.1 £11010 1015 70 60 70 DIP
High-Gain cLCa22 200 @ 40 2300 20 171002 +3010200  *5 70 38 70 DIP

'Primary package is listed. Other packages exist for many products. See data sheets for details.




Accurate Settllng (=12-bit accuracy)

Settling —3dBBandwidth  Slew Rise/Fall Output
Time Accuracy Step Size @ Gain Rate Time Voltage Current Gain Range
Description Model (nsec) (%) V) (MHz @ VNV) (V/usec) (nsec) (=V) (xmA) (Vo/Vi) Package'
14-bit(to 2LSB)  CLC402 25 0.0025 2 175@2 800 27 35 55 *1t08 DIP
14-bitwith CLC502 25 0.0025 2 150@2 800 2.7 3.5 55 +1t08 DIP
Output Clamp
"Primary package is listed. Other packages exist for many products. See data sheets for details.
2The CLC502 is recommended for new designs in place of the CLC500.
. Output .
Category Supply Power —3dB Bandwidth Slew Settling Time Recommended
(Supply Current Consumption @ Gain Rate Voltage  Current to%Accuracy GainRange
Voltages)  Description Model (mA) (mw) (MHz@VN) (V/usec) (xV) (£mA) (nsec to %) (Vo)) Package'
+5VSingle  Variable Supply ~ CLC505° 1109 10t0o90 100@6 1200 33 25 14100.05 +2t021 DIP
Op Amps Current —1t0—-20
Voltage Feedback  CLC420 4 40 270@1 1100 3.2 70 18t00.01 +1t010 DiP
Current Feedback  CLC406 5 50 160 @6 1500 +3.1,-27 70 12100.05 *1t010 DIP
Dual Wideband CLC412 10.2 102 30 @2 1300 3.3 70 1210 0.05 +1t010 DIP
HighSlewRate ~ CLC404 " 110 175@6 2600 33 70 101t00.2 +2t021 DIP
-1t0-20
+5VQuad Low Power CLC414 8 80 @6 1100 28 70 24100.1 *1t010 DIP
Op Amps
High Speed CLC415 20 200 160 @6 1500 26 70 12t00.1 +1t010 DIP
+15VSingle  Low Cost CLC430 " 330 45@2 2000 13 85 40t00.1 +1t010 DIP
Op Amps
Low Gain CLC231 18 540 165@2 3000 " 100 151t00.05 *1to5 TO-8
High Gain CLC205 19 570 170@20 2400 12 50 24100.05 +7t050 TO-8
-1t0-50
"Primary package is listed. Other packages exist for many products. See data sheets for details.
3Specifications shown are for I,.=3.4mA. See the CLC505 datasheet for performance at other supply current conditions.
Low Offset Voltage/Drift
Input Offset Voltage InputBias Current 3dBBandwidth  Slew Settling Time R Output
At25°C Drift At25°C Drift @ Gain Rate  to%Accuracy GainRange Voltage  Current
Description Model (mv) (] (nA) (nA”C) (MHz@ V) (Viusec)  (nsecto%) (Vo/Vi) v) (mA) Package'
Accurate Settling  CLC402 0.5 3 10 100 175@2 800 25100.0025 +1t08 35 56 DIP
Clamping Amplifier CLC502 05 3 10 100 150@2 800 25t00.0025 +1108 35 55 DIP
Low GainVoltage CLC420 0.5 5 0.2* 44 270@1 1100 18100.01 +1t010 3.2 70 DIP
Feedback
High Gain CLC422 0.8 2 15 75 200 @40 2300 17100.2 +310 200 38 70 DiP
Ultra Low Noise CLC425 0.1 2 12 -100 90 @20 350 221001 +10t01000 3.8 90 DIP
General Purpose  CLC201 05 5 5 50 95@20 4000 30100.02 +1t050 12 100 TO-8
High Drive CLC203 0.5 5 5 50 160@20 6000 15100.2 *+11050 1" 200 DIP
High Speed CLC221 0.5 5 5 50 170@20 6500 18100.02 +1t050 12 50 TO-8
Low Gain CLC231 1.0 10 10 125 165@2 3000 15t00.05 +1t05 1 100 TO-8

"Primary package is listed. Other packages exist for many products. See data sheets for details.
“For the CLC420 and CLC424, voltage feedback op amps, these numbers are for offset current, not bias current.
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Low Distortion

Harmonic Distortion (2V,,,,) —3dBBandwidth Settling Time Supply Output
2nd 3rd Frequency Load @ Gain to% Accuracy  Voltages Voltage Current
Description Model (dBc) (dBc) (MHz) Q) (MHz @ V/V) (nsecto %) ) (V) (xmA) Package'
High Gain CLC207 -69 -69 20 100 170 @20 24100.05 +5t015 12 100 TO-8
-80 -85 20 200
Low Gain CLC232 —69 -69 20 100 2710@2 15100.05 +5t015 12 75 TO-8
Low Gain, CLC409 —-86 -84 5 100 3Bo@2 8t00.1 *5 35 70 DIP
Monolithic —65 -72 20 100
—-49 -59 60 100
Driver-amp CLC560 —-60 -62 20 50 215@10 10t00.1 +10to15 10.5 200 DIP
—54 —44 100 50
Driver-amp CLC561 —59 —-62 20 50 215@10 7100.1 +10to 15 10.5 200 DIP
-52 -60 50 50
'Primary package is listed. Other packages exist for many products. See data sheets for details.
High Output Current
Output _ 3dBBandwidth Large Signal BW Slew Settling Time Supplies
Current  Voltage @ Gain Frequency  Output Rate to % Accuracy Voltage Current
Description Model (xmA) (xV) (MHz @ VIV) (MH2) (Vop) (V/usec) (nsecto %) ) (mA)  Package’
High Slew Rate CLC103 200 1 150 @20 80 20 6000 10t00.4 +10to15 30 DIP
Low Offset CLC203 200 1 160 @20 60 20 6000 15t00.2 +10to15 30 DIP
Driver-amp CLC560 200 10.5 215@10 120 10 2600° 10t00.1 +10to15 50 DIP
Driver-amp CLC561 200 105 215@10 150 10 3300° 7t00.1 *10to15 50 DIP
General Purpose ~ CLC200 100 12 95@20 4000 25t00.02 +5t015 29 TO-8
Low Offset CLC201 100 12 95@20 50 20 4000 30t00.02 +5t015 29 TO-8
General Purpose ~ CLC206 100 12 180 @20 70 20 3400 22100.05 +5t015 29 TO-8
Low Distortion CLC207 100 12 170@20 100 10 2400 24100.05 +5t015 25 TO-8
Low Gain CLC231 100 12 165@20 95 10 3000 15t00.05 +5t015 18 TO-8
General Purpose  CLC300 100 10 85@20 45 20 3000 20t00.8 *5t015 24 DIP
Ultra Low Noise CLC425 90 38 90 @20 TBD 8D 350 22t00.1 *5 15 DIP
Low Cost, CLC430 85 13 45@2 30 10 2000 40t00.1 *5t015 1 DIP
Monolithic
"Primary package is listed. Other packages exist for many products. See data sheets for details.
“The effective slew rate is twice the number shown. See the CLC560 or CLC561 datasheet for details.
Special Functions
—3dBBandwidth  Settling Time Slew Supply R Output
@ Gain to % Accuracy Rate Voltage GainRange  Voltage  Current
Function Model Features (MHz@VNV) (nsecto %) (V/usec) (\)) (Vo/Vi) (=V) (xmA)
Fast Enable/Disable CLC410 100nsec enable, 200nsec disable; 200@2 12100.05 700 +5 +1t08 35 70
Video Op Amps differential gain/phase
0.01%/0.01°.
CLC430  100nsecenable, 200nsec disable; 4B@2 40100.1 2000 +5t015 +1t010 13 85
differential gain/phase 0.05%/0.01°.
Output Clamping CLC501 User-defined output voltage 75@32 12t00.05 1200 +5 +7t050 35 70
Op Amps clamp levels. —1to -50
CLC502 150@2 25100.0025 800 *5 +1t08 35 55
Programmable — CLC505°  User-variable supply current 100@6 14100.05 1200 +5 +2t021 3.3 25
Supply-Current from 1mAto 9mA2, -1t020
Op Amp

Specifications shown are for |,,=3.4mA. See the CLC505 datasheet for performance at other supply current conditions.
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@ Comlinear Fast Settling, High Currento
Corporation Wideband Op Amps 8

APPLICATIONS: FEATURES:

® coaxial line driving e 80MHz full-power bandwidth (20V,,, 100Q2)
® DAC current to voltage amplifier 200mA output current

e flash A to D driving 0.4% settling in 10ns

® baseband and video communications 6000V/us slew rate

® radar and IF processors 4ns rise and fall times (20V)

e o 0o 0

DESCRIPTION:

The CLC103 is a high-power, wideband op amp designed for the
most demanding high-speed applications. The wide bandwidth,
fast settling, linear phase, and very low harmonic distortion provide
the designer with the signal fidelity needed in applications such as
driving flash A to Ds. The 80MHz full-power bandwidth and 200mA
output current of the CLC103 eliminate the need for power buffers
in most applications; the CLC103 is an excellent choice for driving
large high-speed signals into coaxial lines.

In the design of the CLC103 special care was taken in order to
guarantee that the output settle quickly to within 0.4% of the final
value for use with ultra fast flash A to D converters. This is one of
the most demanding of all op amp requirements since settling time
is affected by the op amp’s bandwidth, passband gain flatness, and
harmonic distortion. This high degree of performance ensures
excellent performance in many other demanding applications

as well.
- Bias
The dynamic performance of the CLC103 is based on Comlinear’s - °§°__'(V5°°°:'1°'___‘° .
proprietary op amp topology. This new design provides perfor- ! !
mance far beyond that available from conventional op amp designs; ; i 1
unlike conventional op amps where optimum gain-bandwidth i :
product occurs at a high gain, minimum settling time at a gain of vm_im"é N '
—1, and maximum slew rate at a gain of +1, the Comlinear design i & Vour
provides consistent, predictable performance across its entire gain Vinwart & L, /\ |
range. For example, the table below shows how the—3dB band- | [ E
width remains nearly constant over a wide range of gains. And i . w2 |
since the amplifier is inherently stable, no external compensation ! WF !
is required. The result is shorter design time and the ability to I W -
accommodate design changes (in gain, for example) without loss GND -V, “Vee
of performance or redesign of compensation circuits. CLC103 Equivalent Gircuit Diagram
The CLC103 is constructed using thin film resistor/bipolar (all undesignated pins are internally unconnected)
transistor technology. The CLC103Al is specified over a Package Dimensions
temperature range of — 25°C to +85°C, while the CLC103AM is vt ogu -o01s
specified over a range of — 55°C to +125°C and is screened to 5239 -3327) — kT
Comlinear's M Standard for high reliability applications. Both T
devices are packaged in 24-pin ceramic DIPs. ome-osts Sr0-osto
Ty pical Performance _ METAL LID: 0.145 -0.175 I l
(368445 —| |[—
gain setting CERAMIGLID: 0,180 -.150
parameter +4 |+20{+40|—4 |—20|—40| units POt RS wewwonms-omo
—3dB bandwidth 230 (150 {130 (155 |145|125| MHz Tosa- 150 *LE? Wﬁﬁﬁﬁﬁﬁg Soianoe e
rise time (20V) 4l 4| 4| 4| a| 4| ns e Il T ’
slew rate 6| 6 6} 6| 6] 6| V/ns ‘Z'“m’%,—l 15556
settling time (0.4%) 10| 10| 12 10| 10} 12 ns

Comlinear Corporation - 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 « FAX (303) 226-0564
DS103.05 January 1993



- PARAMETERS CONDITIONS TYP MAX & MIN RATINGS! UNITS |SYMBOL
Ambient Temperature ! CLC103AM +25°C || —55°C | +25°C | +125°C
Ambient Temperature ! CLC103Al +25°C || —25°C | +25°C | +85°C
FREQUENCY DOMAIN RESPONSE
*—3dB bandwidth Vout <4Vpp 150 >125 >135 >120 MHz SSBW
gain flatness Vout <4Vpp
* peaking 0.1 to 50MHz 0.1 <0.6 <0.3 <03 dB GFPL
* peaking >50MHz 0.2 <15 <06 <06 dB GFPH
* rolloff at 100MHz — <04 <06 <0.8 dB GFR
group delay to 75MHz 3.0 — — — ns GD
linear phase deviation to 75MHz 1 <3 <2 <4 ° LPD
reverse isolation — non-inverting to 150MHz 55 >45 >45 >45 dB RINI
TIME DOMAIN RESPONSE
rise and fall time 5V step 23 <28 <26 <29 ns TRS
20V step 4 <5 <5 <5 ns TRL
settling time to 0.4% 10V step 10 <25 <20 <25 ns TSP
overshoot 5V step 5 <15 <10 <10 % oS
slew rate (overdriven input) 6 >5 >5 >5 V/ns SR
overload recovery
<50ns pulse, 200% overdrive 30 — — — ns OR
DISTORTION AND NOISE RESPONSE
*2nd harmonic distortion 2Vpp, 20MHz —48 <—40 | <—-40 | <—40 | dBc HD2
*3rd harmonic distortion 2Vpp, 20MHz —48 <—40 | <—40 | <—40 | dBc HD3
equivalent input noise
noise floor >100kHz —158 <—152 <—152| <—152|[ dBm(1Hz) | SNF
integrated noise 1kHz to 100MHz 28 <56 <56 <56 uv INV
noise floor >5MHz —158 <—152| <—152| <—152| dBm(1Hz) | SNF
integrated noise 5MHz to 100MHz 28 <56 <56 <56 n% INV
STATIC, DC PERFORMANCE
* input offset voltage 10 <30 <25 <30 mV VIO
average temperature coefficient 35 <120 <120 <120 uV/°C DVIO
*input bias current non-inverting 10 <40 <30 <40 pA IBN
average temperature coefficient 20 <125 <125 <125 nA/°C DIBN
* input bias current inverting 20 <110 <60 <110 pA 1BI
average temperature coefficient 250 <500 <500 <500 nA/°C DiBI
* power supply rejection ratio 54 >45 >45 >45 dB PSRR
common mode rejection ratio 38 >30 >30 >30 dB CMRR
* supply current no load 30 <36 <34 <36 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 250 >100 >100 >100 kQ RIN
capacitance 24 <3 <3 <3 pF CIN
output impedance at DC —_ <01 <01 <0.1 Q RO
at 100MHz 2,45 — — — Q, nH Z0
output voltage range no load — >+11 >+11 >+11 VO

Output Voltage Limit

| Vout| max

supply voltage (Veo)

output current

thermal resistance (0ca)
junction temperature
operating temperature

storage temperature

lead temperature (soldering 10s)

+20V
+200mA
see thermal model
+175°C

Al: —25°C to +85°C
AM: —55°C to +125°C
—65°C to +150°C
+300°C

*note 1: Parameters preceded by an * are the final electrical test parameters and are 100% tested.
AM units are tested at — 55°C, +25°C, and +125°C. Al units are tested only at +25°C although their
performance is guaranteed at — 25°C and +85°C as indicated above.

note 2: This rating protects against damage to the input stage caused by saturation of either the input
or output stages. Under transient conditions not exceeding 1us (duty cycle not exceeding 10%,
maximum input voltage may be as large as twice the maximum. V, should never exceed +5V. (V_ is
the voltage at the non-inverting input, pin 7.)

note 3: This rating protects against exceeding transistor collector-emitter breakdown ratings.
Recommended V, is +15V.

Comlinear reserves the right to change specifications without notice.
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220

Capacitoncs in uF

Ry 15000 (internal)

Figure 1: recommended non-inverting gain circuit

R
v Rg
Ry = 15000 (internot)

for Zin=500, setect Rg[Ri =500

Figure 2: recommended inverting gain circuit

Test fixture layout artwork is available upon request.

CLC103 Operation

The CLC103 is based on Comlinear’s proprietary op amp topology, a
unique design which uses current feedback instead of the usual
voltage feedback. This design provides dynamic performance far
beyond that previously available, yet it is used basically the same as the
familiar voltage-feedback op amp (see the gain equations above). A
complete discussion of current feedback is given in application note
AN300-1.

Layout Considerations

To obtain optimum performance from any circuit operating at high
frequencies, good PC layout is essential. Fortunately, the stable, well-
behaved response of the CLC103 makes operation at high frequencies
less sensitive to layout than is the case with other wideband op amps,
even though the CLC103 has a much wider bandwidth.

In general, a good layout is one which minimizes the unwanted
coupling of a signal between nodes in a circuit. A continuous ground
plane from the signal input to output on the circuit side of the board is
helpful. Traces should be kept short to minimize inductance. If long
traces are needed, use microstrip transmission lines which are termi-
nated in their characteristic impedance. At some high-impedance
nodes, or in sensitive areas such as near pin 5 of the CLC103, stray
capacitance should be kept small by keeping nodes small and remov-
ing ground plane directly around the node.

The £V connections to the CLC103 are internally bypassed to ground
with 0.1uF capacitors to provide good high-frequency decoupling. It is
recommended that 1uF or larger tantalum capacitors be provided for
low-frequency decoupling. The 0.01uF capacitors shown at pins 18
and 20 in figures 1 and 2 should be kept within 0.1" of those pins. A
wide strip of ground plane should be provided for a signal return path
between the load-resistor ground and these capacitors.

Since the layout of the PC board forms such an important part of the
circuit, much time can be saved if prototype amplifier boards are tested
early in the design stage. Encased/connectorized amplifiers are
available from Comlinear.

Settling Time, Offset, and Drift

After an output transition has occurred, the output settles very rapidly
to the final value and no change occurs for several microseconds.
Thereafter, thermal gradients inside the CLC103 will cause the output
to begin to drift. When this cannot be tolerated, or when the initial offset
voltage and drift is unacceptable, the use of a composite amplifier is
advised.

A composite amplifier can also be referred to as a feed-forward
amplifier. Most feed-forward techniques such as those used in the vast
majority of wideband op amps, involve the use of a wideband AC-
coupled channel in parallel with a low-bandwidth, high-gain DC-
coupled amplifier. For the composite amplifier suggested for use with
the CLC103, the CLC108 replaces the wideband AC-coupled amplifier
and a low-cost monolithic op amp is used to supply high open-loop
gain at low frequencies. Since the CLC103 is strictly DC coupled
throughout, crossover distortion of less than 0.01dB and 1° results.

+Vee
Topin7 10K
of CLCIO3 To pin5
To aints 15K Re of CLCIO3
of CLCIO3 Qs R¢=10K-15K]| (Rg+Rp)
CROSSOVER 95 ~Vee

ADJUST .0l
Rp @

Figure 3: non-inverting gain composite amp
to be used with figure 1 circuit

For composite operation in the non-inverting mode, the circuit in fig-
ure 1 should be modified by the addition of the circuit shown in figure 3.
For inverting operation, modify the circuit in figure 2 by the addition of
the circuit in figure 4. Keep all resistors which connect to the CLC103
within 0.2" of the CLC103 pins. The other side of these resistors should
likewise be as close to Ut as possible. For good overall results, U1
should be similar to the LF356; this gives 5uV/ °C input offset drift and
the crossover frequency occurs at about 2MHz. Since U1 has a
feedback network composed of R, + Ry and a 15k} resistor, which is
in parallel with Ry and the internal 1.5kQ feedback resistor of the
CLC103, Ry, must be adjusted to match the feedback ratios of the two
networks. This is done by driving the composite amplifier with a 70kHz
square wave large enough to produce a transition from +5V to —5V
at the CLC103 output and adjusting Ry until the output of U1 is at a
minimum. R, should be about 9.5R, for best results; thus, Ry should be
adjusted around the value of 0.5Rg.

Bias Control

In normal operation, the bias control pin (pin 16) is left unconnected.
However, if control over the bias of the ampilifier is desired, the bias
control pin may be driven with a TTL signal; a TTL high level will turn
the amplifier off.

Distortion and Noise

The graphs of intercept point versus frequency on the preceding page
make it easy to predict the distortion at any frequency, given the
output voltage of the CLC103. First, convert the output voitage Vo to
Vrms = (Vpp/2y/2) and then to P = (1010g10(20Vms2)) to get the output
power in dBm. At the frequency of interest, its 2nd harmonic will
be Sz = (12—P)dB below the level of P. Its third harmonic will be
S3 = 2(I3—P)dB below the level of P, as will the two-tone third order
intermodulation products. These approximations are useful for P<—1dB
compression levels.

Approximate noise figure can be determined for the CLC103 using the
Equivalent Input Noise graph on the preceding page. The following
equation can be used to determine noise figure (F) in dB.
in2 RF2
A2

4KTRs Af
where v, is the rms noise voltage and i is the rms noise current.
Beyond the breakpoint of the curves (i.e., where they are flat), broadband
noise figure equals spot noise, so Af should equal one (1) and v, and
in should be read directly off the graph. Below the breakpoint, the noise
must be integrated and Af set to the appropriate bandwidth.

vo? +

F=10log | 1 +

Application Notes and Assistance

Application notes that address topics such as data conversion, fiber
optics, and general high-frequency circuit design are available from
Comlinear or your Comlinear sales engineer.

Comlinear maintains a staff of highly-qualified applications engineers
to provide technical and design assistance.

+Vee
Re
Y; To pin7
To pinto_ 15K ¥ oK of CLCIO3
of cLeios R Re= I0K+15K|| (Rg+Rp)
a2 -Vee
6 1 |
To Vin Ry CROSSOVER %
ADJUST

Figure 4: inverting gain composite amplifier
to be used with figure 2 circuit
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Comlinear Fast Settling, Wideband

Corporation

APPLICATIONS:

e fast, precision A to D, D to A conversion
baseband and video communications
radar, sonar, |IF processors

laser drivers, photodiode preamps
graphic CRT composite video drive amp

DESCRIPTION:

The CLC200 operational amplifier achieves performance far
superior to that of other high performance op amps. A proprietary
Comlinear design provides a bandwidth of DC-95MHz and an
unprecedented settling time of 18nsec to 0.1%. And since
thermal tail has been eliminated, the CLC200 can be depended
upon to settle fast and solidly maintain its level. Drive capability
is also impressive at 24V, and 100mA.

Using the CLC200 is as easy as adding power supplies and a
gain-setting resistor. The result is reliable, consistent
performance because such characteristics as bandwidth and
settling time are virtually independent of gain setting. Unlike
conventional op amp designs where the optimum gain-
bandwidth product occurs at a high gain, minimum settling time
at a gain of —1, maximum slew rate at a gain of +1, et cetera, the
CLC200 offers predictable response at gain settings from £1 to
+50. This, coupled with consistent performance from unit to unit
with no external compensation, makes the CLC200 a real time
and cost-saver in design and production situations alike.

Minimizing settling time was a design goal of the CLC200. Settling
time is one of the most demanding of all op amp requirements
since it is affected by the op amp’s bandwidth, gain flatness, and
harmonic distortion. The result of this effort is an amplifier fast
enough for the most demanding high speed D to A converters
and “flash” A to D converters.

The superior slew rate and rise and fall times of the CLC200 make
it an ideal amplifier for a broad range of pulse, analog, and digital
applications. Flat gain and phase response from DC to beyond
50MHz ensure distortion levels well below those of other op amps.
A full power bandwidth of 20MHz eliminates the need for power
buffers in many applications.

The CLC200 is constructed using thin film resistor/bipolar
transistor technology. The CLC200AI is specified over a
temperature range of —25°C to +85°C, while the CLC200A8C is
specified over a range of —-55°C to +125°C and is fully compliant
with MIL-STD-883, Level B. Both devices are packaged in 12-
pin metal TO-8 cans. The DESC SMD number is 5962-89910.

Typical Performance

Operational Amplifiers 3

FEATURES:

—3dB bandwidth of 95MHz
0.1% settling in 18ns
4000V/us slew rate

low distortion, linear phase
3.6ns rise and fall times

BOTTOM VIEW
Tnternal
Feedback

Non-inverting
input

Inverting
input

Compensation
(optional)

Bias  +V
Case and bias ground ¢ Supply Voitage

Bias Control

Pin 8 provides access to a 2000 ohm feedback resistor. Pin 2
allows the user to reduce the amplifier supply current or to
turn the amplifier off completely.

gain setting e
parameter +2 [+20|+50|| —2 [—20|—50| units ansso ] e
—3dB bandwidth 150|195 | 75 ||[100| 95 | 90 | MHz 0400850
rise time (20V) — | 4| 5| 4| 4| 4| ns R NN e T Td
slew rate 4) 4| 4| 4] 4| 4| V/ns iy 92
settling time (0.1%) | — |18 |23 | 18|18 |23 | ns oo

Package Dimensions
0.595 - 0.605

15.11 - 15.37)
0.543-0.555

142 0. (1879 - 14.10)
e | |-t
LU loos-oco

ost0-0si0 T UOULL 1 ©a1-076)
(7.87-8.64) 1_ EH—H—H h

Comlinear Corporation - 4800 Wheaton Drive, Fort Coliins, CO 80525 - (303) 226-0500 - FAX (303) 226-0564

DS200.06
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£

PARAMETERS

CONDITIONS TYP MAX & MIN RATINGS' UNITS SYMBOL
Ambient Temperature CLC200AI' +25°C —25°C_| +25°C +85°C
Ambient Temperature CLC200A8' +25°C -55°C +25°C +125°C
FREQUENCY DOMAIN RESPONSE
* —3dB bandwidth Vou<@Vpp 95 >85 > 85 >80 MHz SSBW
gain flatness at Vout<2Vpp
* ~ peaking 0.1 to 28MHz 0 <04 | <03 | <04 | aB GFPL
* peaking >25MHz 0.2 <08 <0.6 <1.0 dB GFPH
* rolloff at 50MHz — <06 <04 <06 dB GFR
group delay to 50MHz 42+05) — — — ns GD
linear phase deviation to 50MHz 1 <2 <2 <2 ° LPD
reverse isolation to 50MHz
non-inverting 60 > 50 > 50 > 50 dB RINI
inverting 45 >35 >35 >35 dB RIN
TIME DOMAIN RESPONSE
rise and fall time 2V step 3.6 <41 <41 <44 ns TRS
20V step 4 <5 <5 <6 ns TRL
settling time to .02% 10V step* 25 — — — ns TSP
to.1% 10V step* 18 <25 <25 <25 ns TS
overshoot 10V step 5 <12 <10 <10 % oS
slew rate (overdriven input) 4 >3 >3 >3 Vins SR
overload recovery
<50ns pulse, 200% overdrive 25 — — — ns OR
DISTORTION AND NOISE RESPONSE
*2nd harmonic distortion 2Vpp, 20MHz -52 <-45 <—-45 <—-45 dBc HD2
*3rd harmonic distortion 2Vpp, 20MHz -58 <-50 | <-50 <-50 [ dBc HD3
equivalent noise input
noise floor >100kHz -156 <—1580 | <-150 | <-150 || dBm(1Hz)| SNF
integrated noise 1kHz to 100MHz 35 <70 <70 <70 uv INV
noise floor >5MHz -156 <-150 | <-150 <—150 || dBm(1Hz) [ SNF
integrated noise 5MHz to 100MHz 35 <70 <70 <70 nv INV
STATIC DC PERFORMANCE
*input offset voltage 10 <25 <25 <25 mV VIO
average temperature coefficient' 35 <120 <120 <120 uwvrc DVIO
*input bias current non-inverting 10 <40 <30 <40 nA IBN
average temperature coefficient' 20 <125 <125 <125 nA"C DIBN
*input bias current inverting 20 <70 <50 <70 WA IBI
average temperature coefficient’ 70 <250 <250 <250 nA’/C DIBI
*power supply rejection ratio 55 >45 >45 >45 dB PSRR
common mode rejection ratio 46 >40 >40 >40 dB CMRR
*supply current no load 29 <36 <34 <36 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 250 >100 >100 >100 kQ RIN
capacitance 24 <3 <3 <3 pF CIN
ouput impedance atDC — <01 <0.1 <01 Q RO
at 50MHz 1,35 — — — Q,nH 20
output voltage range no load +12 >+11 >+11 >+11 Vv VO
internal feedback resistor absolute tolerance <04 — — — % RFA

Y oot
Common Mode and Output Voltage Limits

20

15

| Vem | max
o
o

| Vout | max

supply voltage (Vec)
output current
thermal resistance (6ca)
junction temperature
operating temperature

storage temperature
lead temperature (soldering 10s)

note 1: Parameters preceded by an * are the final electrical test parameters and are 100% tested. A8 units are
tested at -55°C, +25°C, and +125°C. Al units are tested only at +25°C although performance at —25°C and
+85°C is guaranteed to be better than or equal to the performance specified for A8 devices in the -55°C and
+125°C ranges. Maximum temperature coefficient parameters apply only to A8 devices.

note 2: This rating protects against damage to the input stage caused by saturation of either the input or output
stages. Under transient conditions not exceeding 1us (duty cycle not exceeding 10%), maximum input voltage
may be as large as twice the maximum. V, should never exceed V.. (V,n is the voltage at the non-inverting
input, pin 6.)

note 3: This rating protects against exceeding transistor collector-emitter breakdown ratings. Recommended
Vo is + 15V.

+20V
+100mA
see thermal model
+175°C

Al: —25°C to +85°C
A8: —55°C to + 125°C
—65°C to +150°C
+300°C

note 4: Settling time specifications require the use of an external feedback resistor (2000).

Comlinear reserves the right to change specifications without notice.
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Non-Inverting Gain

Relative Gain, 1dB/div

0 16MHz/div 150 MHz
Inverting and Non-Inverting Phase

0°
—90°

—180°

o 15MHz/div 150MHz

Settling Time

+0.20

+0.15
£ 1010
&
S +0.05
f=
g 07
o
a b
, —0.05
[~
£ —0.10
[
P —0.15

—0.20

Time
2nd and 3rd Harmonic Distortion Intercept
100

£

% 85

x

£ 70

&

g

055

<3

5

10° 10° 10°®

10°
Frequency (Hz)

100 @Equuvalent Input Noise

107

10*

Vi)
\/Iﬂ))

Noise Voltage (nV/
Noise Current (pA/VHz

Frequency (Hz)

Broadband Inverting
and Non-Inverting Gain

>
2
°
)
E >
¢ T
£ B
o 3
° e
2
H :
s B
o«
o 15MHz/div 150MHz 0 100MHz/div 1GHz
Relative Bandwidth vs. V.. Gain vs. Frequency for Various R s
1.
£
b4
3 3
g Y
a o
o -
2
2
©
g .
4 6 8 10 12 14 16 15MH;/div
Vee (V)
Small Signal Pulse Response (Inv, Non-inv) Large Signal Pulse Response
2.2 > >
el 5o
>SS s>
0 - zq
o RRORE
58 53
Qs c3
£6 =0
5ns/div 10ns/div
2-Tone 3rd Order Intermod. Intercept CMRR and PSRR
50 . : . X -
— 70
Eas
2 60
by
: 40 50
'g @ 40
s oS
2 30
2
1) 20
€ 30 ;
10
0 20 40 6 80 100 100 10! 102 ) 10° 104 10; 108
Frequency (MHz) Frequency (Hz)
#7 Tease
100°C/W 100°C/W 32°C/W 8ca = 65°C/W in still air without a heatsink
T T T 38°C/W in still air with a Thermalloy 2268
i(pnp) = "i(npn) = iteircuit) 15°C/W in 300ft/min air with a Thermatloy 2268
Ponp Pnpn Peircuit Tambient

Paircuit = lee {{(+Vee) = (—Vec)] where lcc = 23mA
at:15v
Pxxx = [(£Vec) — Vout — (lcot) (Reor + 4)] (lcot)
(% duty cycle)
(For positive Vo and Vcg, this is the power in the npn
output stage.)
(For negative Vo and V¢, this is the power in the pnp
output stage.)
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Icol = Vout/Rioad Or 4mA, whichever is greater.
(Include feedback R in Rioad.)
Recol is a resistor { 33() recommended) between the
xxx collector and +Vec.
Tj tonp) = Ppnp (100 + fca) + (Peir + Pnpn) Oca + Ta.
similar for Tj (npn)-
Tj (cin) = Peir (32 + 6ca) + (Ppnp + Pnpn) fca + Ta.
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+15V in uF
%3.9 .
Vin
S0 Vo
2000
IR
Rl
330 Av=t+o=
9

—15V
%39 % A %‘01 * Ry=20004 (internal)

Figure 1: suggested non-inverting gain circuit

+15V ' Capaci in uF
%3,9 .1% %01
500 6l
‘L—w—+ 128
mrzom Vo
Vin f

39 o1 R¢=2000Q} (internal)
o v

Figure 2: suggested inverting gain circuit

For Z;,=500, select Rg||R; =500

Test fixture schematics are available upon request.

Controlling Bandwidth and Passband Resp

As with any op amp, the ratio of the two feedback resistors R, and Ry
determines the gain of the CLG200. Unlike conventional op amps,
however, the closed loop pole-zero response of the CLC200 is affected
very little by the value of Ry. R, scales the magnitude of the gain, but
does not change the value of t%e feedback. This is possible due to a
proprietary circuit topology. R; does influence the feedback and so the
CLC200 has been internally compensated for optimum performance
with R;=20001), but any value of R;>1kQ may be used with a single
capacitor placed between pins 4 and 5 for compensation. See Table
1. As R; decreases, C, must increase to maintain flat gain. Slew rate
will decrease slightly with increasing C, but other parameters such as
bandwidth, settling time, and phase linearity will improve. Large values
of Ryand C, can be used together or separately to reduce the bandwidth.
This may be desirable for reducing the bandwidth in applications not
requiring the full frequency response available although this may cause
the output noise to increase at low gains.

Table 1: Bandwidth versus R; and C.

Ry Cc f+0.3dB f—3.0dB
(k) (pF) (MHz) (MHz)
10.0 0 5 15

5.0 0 10 30

3.0 0 20 60

20 0 50 100

15 0.25 70 130

1.0 0.50 120 170

Layout Considerations

To assure optimum performance the user should follow good layout
practices which minimize the unwanted coupling of signals between
nodes. During initial breadboarding of the circuit, use direct point to
point wiring, keeping the lead lengths to less than .25". The use of
solid, unbroken ground plane is helpful. Avoid wiré-wrap type pc
boards and methods. Sockets with small, short pin receptacles may be
used with minimal performance degradation although their use is not
recommended.

During pc board layout, keep all traces short and direct. The resistive
body of Ry should be as close as possible to pin 5 to minimize
capacitance at that point. For the same reason, remove ground plane
from the vicinity of pins 5 and 6. In other areas, use as much ground
plane as possible on one side of the board. It is especially important
to provide a ground return path for current from the load resistor to the
power supply bypass capacitors. Ceramic capacitors of .01 to .1uF
(with short leads) should be less than .15 inches from pins 1 and 9.
Larger tantalum capacitors should be placed within one inch of these
pins. Vec connections to pins 10 and 12 can be made directly from pins
9 and 1, but better supply rejection and settling time are obtained if
they are separately bypassed as in Figures 1 and 2. To prevent signal
distortion caused by reflections from impedance mismatches, use
terminated microstrip of coaxial cable when the signal must traverse
more than a few inches.

Since the pc board forms such an important part of the circuit, much
time can be saved if prototype boards of any high frequency sections
are built and tested early in the design phase. Evaluation boards
designed for either inverting or non-inverting gains are available from
Comlinear at minimal cost. -

Distortion and Amplification Fidelity

The graphs of intercept point versus frequency on the preceding page
make it easy to predict the distortion at any frequency, given the

output voltage of the CLC200. First, convert the output voltage (Vo) to
Vams = (Vpp/21/2) and then to P = (10log10(20Vrwus?)) to get output.
power in dBm. At the frequency of interest, its 2nd harmonic will
be S; = (Il—P)dB below the level of P. Its third harmonic will be
S3 = 2(Is—P)dB below P, as will the two-tone third order intermodula-
tion products. These approximations are useful for P<—1dB compres-
sion levels.

Approximate noise figure can be determined for the CLC200 using the
Equivalent Input Noise graph on the preceding page. The following
equation can be used to determine noise figure (F) in dB.

in2 Rg?

2+ A2

4KTR; Af
where v, is the rms noise voltage and i, is the rms noise current at the
inverting node. Beyond the breakpoint of the curves (i.e., where they
are flat), broadband noise figure equals spot noise figure, so Af should
equal one (1) and v, and i should be read directly off the graph. Below
the breakpoint, the noise must be integrated and Af setto the appropriate
bandwidth.
For linear operation of the CLC200 at large output voltage swings (DC
component not included) and at high frequencies, observe the (AC
output voltage) X (frequency) product specification of 400V - MHz.
Exceeding this rating will cause the signal to be greatly distorted as the
amplifier bias control circuit reduces the current available for slewing
to prevent damage. At frequencies and voltages within this range the
excess slew rate and bandwidth available will ensure the highest
possible degree of amplified signal fidelity.

F=10log | 1+

Operation with Reduced Bias Current

Placing a resistor between pins 1 and 2 will cause the CLC200 bias
currentto be reduced. A value of 20K will cause only a slight reduction,
3K will almost halve the current, while less than 1K will reduce bias to
about 5mA and the amplifier will be off. In this condition, the input signal
will be greatly attenuated. In the reduced bias, on condition, bandwidth
will be roughly proportional to the reduction in bias current. A mechan-
ical or semiconductor switch can be used to turn the amplifier off. Any
connection which would cause current to flow out of pin 2 will result
in increased bias current and may lead to device destruction from
overheating and excessive current.

Thermal Considerations

At high ambient temperatures or large internal power dissipations, heat
sinking is required to maintain acceptable junction temperatures. Use
the thermal model on the previous page to determine junction temper-
atures. Many styles of heat sinks are available for TO-8 packages; the
Thermalloy 2240 and 2268 are good examples. Some heat sinks are the
radial fin type which cover the pc board and may interfere with external
components. An excellent solution to this problem is to use surface
mounted resistors and capacitors. They have a very low profile and
actually improve high frequency performance. For use of these heat
sinks with conventional components, a.1"” high spacer can be inserted
under the TO-8 package to allow sufficient clearance.

Application Notes and Assistance

Application notes that address topics such as data conversion, fiber
optics, and general high frequency circuit design are available from
Comlinear or your Comlinear sales engineer.

Comlinear maintains a staff of highly qualified applications engineers
to provide technical and design assistance.
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Comlinear
c] Corporation

APPLICATIONS:

fast, precision A to D, D to A conversion
baseband and video communications
radar, sonar, IF processors

laser drivers, photodiode preamps
graphic CRT composite video drive amp
high resolution imaging systems

DESCRIPTION:

The CLC201 is a wideband operational amplifier that combines state of
the art dynamic performance with excellent DC performance. This
combination allows designers to maximize system performance without
making the speed versus DC accuracy compromises that are necessary
with most high-speed amplifiers. For example, the CLC201 provides a
—3dB bandwidth of 95MHz (at a gain of +20) and a settling time of only
18ns (to 0.1%) yet exhibits an input offset voltage that is typically only
0.5mV and guaranteed to be less than 1.0mV at +25°C. The input offset
voltage drift is typically only 5uV/°C.

The superior slew rate and rise and fall times of the CLC201 make it an
ideal amplifier for a broad range of pulse, analog, and digital applications.
The full-power bandwidth of 50MHz and 100mA output current eliminate
the need for power buffers in most applications. Flat gain and phase
response from DC to beyond 50MHz ensure distortion levels well below
those of other op amps; in high-resolution applications such as 12-bit A
to D converters, this low distortion combined with the excellent DC
performance allows maximum accuracy and dynamic range—without the
need for complicated error correction circuitry. Engineers desiring to
increase the DC performance or full-power bandwidth of systems using
the original CLC200 may replace it with a CLC201—in most cases with
no design changes (they are pin compatible, however the CLC201 has
neither a bias control pin nor a compensation pin).

The excellent dynamic performance is due to Comlinear’s proprietary op
amp topology, a unique design which is not subject to the limitations of
the conventional op amp design. Dynamic parameters such as settling
time and bandwidth are virtually independent of gain; for example,
at a gain of —4, the bandwidth is 105MHz, yet it is still 95MHz at a gain
of —20 (see the table below). In addition, the CLC201 is inherently stable
across its entire (1 to =50) gain range. Besides the performance,
the benefit of these features is reduced design time and the ability to
make design changes with little or no change in dynamic performance.

The CLC201 is constructed using thin film resistor/bipolar transistor
technology. The CLC201Al is specified over a temperature range of
—25°C to +85°C, while the CLC201A8C is specified over a range of
—55°C to +125°C and is fully compliant with MIL-STD-883 Level B. Both
devices are packaged in 12-pin metal TO-8 cans. The DESC SMD
number is 5962-90833.

Typical Performance

gain setting
parameter +4 {+20|{+50{—4 |—20|—50| units
—3dB bandwidth 150 95 | 80 ||105| 95 | 80 | MHz
rise time (20V) — | 4] 5 41 4| 4 ns
slew rate 4|1 4| 4 4 4| 4| V/ns
settling time (0.1%) — |18 120 || 18| 18 | 20 ns

Fast Settling, Wideband
Operational Ampilifiers

102010

FEATURES (typical):

—3dB bandwidth of 95MHz

0.5mV input offset voltage, 5uV/°C drift
0.1% settling in 18ns

4000V/us slew rate

3.6ns rise and fall times

BOTTOM VIEW

Internal
Feedback

Case and Bias Ground Supply Voitage

Non-inverting

input Collector

“Vec\ Supply
Inverting ° vO Output
input

cof Collector
Supply

Case and Bias Ground Supply Voltage

Not Connected

Pin 8 provides access to a 2000 ohm (0.4% thin film) feedback
resistor. Though not electrically connected to the circuit, the
case provides EMI shielding and should be connected to a
low impedance signal return.

Package Dimensions
0.595-0.605

0.142-0.181
(3.61-4.60) 1
L_loos-oo0

0310-0340 T ©41-079)
(7:87-8.64) ]
"L sots-oor
{0.41-0.48)
0.200 BSC_
(5.08BSC)

0.100 BSC
(2.54 BSC)

0.40085C ( o K
(1016850)] \ 0« 20/7¢_ [ 0026-003
2595/

45" BSC
0026 -0036
(0.66 -0.91)

Comlinear Corporation + 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 < FAX (303) 226-0564

DS201.06
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PARAMETERS CONDITIONS TYP MAX & MIN RATINGS' UNITS | SYMBOL
Ambient Temperature CLC201A8' +25°C ~55°C +25°C | +125°C
Ambient Temperature CLC201AI' +25°C —-25°C | +25°C | +85°C
FREQUENCY DOMAIN RESPONSE
*—3dB bandwidth Voutr<2Vpp 95 >85 >85 >75 MHz SSBW
gain flatness at our<2V.
* peaking 0.1to <é)§MHz 0 <0.4 <0.3 <0.5 dB GFPL
*  peaking >25MHz 0.2 <1 <0.6 <0.6 dB GFPH
*  rolloff at50MHz — <0.6 <0.4 <0.6 dB GFR
group delay, to 50MHz 4.2+0.5 —_ —_ — ns GD
linear phase deviation to 50MHz <25 <2 <3 ° LPD
reverse isolation to 50MHz
non-inverting 60 >50 >50 >50 dB RINI
inverting 45 >35 >35 >35 dB RIIN
TIME DOMAIN RESPONSE
rise and fall time 2Vstep 3.6 <441 <41 <4.4 ns TRS
20V step 4 <5 <5 <6 ns TRL
settlingtime to .02% 10V step* 30 — — —_ ns TSP
to.1% 10V step* 18 <25 <25 <30 ns TS
overshoot 2V step 7 <15 <12 <15 % (o]
slew rate (overdriven input) 4 >3 >3 >3 Vins SR
overload recovery
<50ns pulse, 200% overdrive 25 — — — ns OR
DISTORTION AND NOISE RESPONSE
*2nd harmonic distortion 2V, 20MHz -52 <-45 | <-45 | <-45 dBc HD2
*3rd harmonic distortion 2V, 20MHz —58 <-50 <-50 <-50 dBc HD3
equivalent noise input
noise floor >100kHz -156 <-150f <—150( <-150 || dBm(1Hz)| SNF
integrated noise 1kHz to 100MHz 35 <70 <70 <70 uV INV
noise floor >5MHz —-156 <-150| <-150| <-150 || dBm(1Hz)[ SNF
integrated noise 5MHz to 100MHz 35 <70 <70 <70 v INV
STATIC DC PERFORMANCE
*input offset voltage 0.5 <22 <1.0 <25 mv VIO
average temperature coefficient 5 <15 <15 <15 uV/rC DVIO
*input bias current non-inverting 5 <36 <20 <20 MA IBN
average temperature coefficient 50 <125 <125 <125 nA/’C DIBN
*input bias current inverting 5 <26 <10 <30 nA IBI
average temperature coefficient 50 <200 <200 <200 nA/rC DIBI
*power supply rejection ratio 55 >45 >45 >45 dB PSRR
common mode rejection ratio 46 >40 >40 >40 dB CMRR
*supply current no load 29 <36 <34 <36 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 250 >100 >100 >100 kQ RIN
capacitance 2.4 <3 <3 <3 pF CIN
outputimpedance atDC — <041 <0.1 <0.1 Q RO
at50MHz 1,35 — — — Q,nH Z0
output voltage range noload *12 >+11 >+11 >+11 \% VO
internal feedback resistor absolute tolerance <0.4 — — — % RFA

| Vout | max

iv

output current +100mA
thermal resistance (0ca) see thermal model
junction temperature +175°C

Al: —25°C to +85°C

A8: —55°C to +125°C

storage temperature —65°C to +150°C

lead temperature (soldering 10s) +300°C

*note 1: Parameters preceded by an * are the final electrical test parameters and are 100% tested. A8 units are
tested at -55°C, +25°C, and +125°C. Al units are tested only at +25°C although performance at -25°C and
+85°C is guaranteed at —25°C and +85°C as indicated above.

note 2: This rating protects against damage to the input stage caused by saturation of either the input or output
stages. Under transient conditions not exceeding 1pus (duty cycle not exceeding 10%), maximum input voltage
may be as large as twice the maximum. V., should never exceed V.. (V. is the voltage at the non-inverting
input, pin 6.)

note 3: This rating protects against exceeding transistor collector-emitter breakdown ratings. Recommended
Ve is £ 15V.

note 4: Settling time specifications require the use of an external feedback resistor (2000Q).

operating temperature

Comlinear reserves the right to change specifications without notice.
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Non-Inverting Gain and Phase
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A7 Tease
100°C/W 100°C/W 32°C/W a = 65°C/W in still air without a heatsink
30°C/W in still air with a Thermalloy 2268
== Ti(pnp) ~~Tj(npn) ~—Ti(circuit) 15°C/W in 300ft/min air with a Thermalloy 2268
Ponp Pron Peircuit Tambient

Peircuit = lec [(+Vee) = (—Vec)] where Iec = 25mA
at+15v

= [(£Vee) = Vout — (lcat) (Reol + 5)] (lcol)
(% duty cycle)

(For positive Vo and Ve, this is the power in the npn

output stage.)

(For negative Vo and Vcc, this is the power in the pnp

output stage.)

Pxxx

3-17

Icol = Vout/Rioad Or 4mA, whichever is greater.
(Include feedback R in Rjoad.)
Recol is a resistor (332 recommended) between the
xxx collector and +Vcc.
Ti (onp) = Ppnp (100 + fca) + (Peir + Ppn) fca + Ta,
similar for Tj (npn)-
Tj cir) = Peir (32 + 6ca) + (Ppnp + Pnpn) fca + Ta.
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+15V. Y] Capactance in uF
01

UL
~15V YR,

l 39

Figure 1: suggested non-inverting gain circuit

31 lm R;=2000( (internal)

in pF

Vin

. Ry=20001} (internal)
o
$ l For Z,, =50, select Rg|R;=500

Figure 2: suggested inverting gain circuit

Test fixture layout artwork is available upon request.

CLC201 Operation

The CLC201 is based on Comlinear’s proprietary op amp topology, a
unique design that uses current feedback instead of the usual voltage
feedback. This design provides dynamic performance far beyond that
previously available, yet it is used basically the same as the familiar
voltage-feedback op amp (see the gain equations above). A complete
discussion of current feedback is given in application note AN300-1.

Controlling Bandwidth and Passband R

In most applications, use of the internal 20002 feedback resistor will
provide optimum dynamic performance; nonetheless, some designs
may require an external feedback resistor of some value other than
20004 The table below shows how bandwidth depends on the value
of R;. Values of feedback resistance greater than 20002 wili decrease
the bandwidth of the amplifier; values of R; less than 20000 will
increase the bandwidth. At most gain settings, however, low values of
R; may cause instability unless a small amount of compensation
capacitance (typically <0.5pF) is connected in parallel with R;. At |A,|
<, R; must be greater than 1k(Q).
Bandwidth versus Ry

—3dB Bandwidth (A, = 20)

P

R (external)

2k 90MHz
5kQ0 30MHz
10kQ 15MHz

Atlarge closed-loop gains (| Al =50) the bandwidth may be increased
by using a low value of R¢ as the table below indicates. External
compensation is not required under these high-gain conditions.

Increasing Bandwidth at High Gains

1A/l Ry —3dB Bandwidth
50 1kQ © 90MHz
100 5000 70MHz

Layout Considerations

To assure optimum performance the user should follow good layout
practices which minimize the unwanted coupling of signals between
nodes. During initial breadboarding of the circuit, use direct point to
point wiring, keeping the lead lengths to less than .25". The use of
solid, unbroken ground plane is helpful. Avoid wire-wrap type pc
boards and methods. Sockets with small, short pin receptacles may be
used with minimal performance degradation although their use is not
recommended.

During pc board layout, keep all traces short and direct. The resistive
body of Ry should be as close as possible to pin 5 to minimize
capacitance at that point. For the same reason, remove ground plane
from the vicinity of pins 5 and 6. In other areas, use as much ground
plane as possible on one side of the board. It is especially important
to provide a ground return path for current from the load resistor to the
power supply bypass capacitors. Ceramic capacitors of .01 to .1uF
(with short leads) should be less than .15 inches from pins 1 and 9.
Larger tantalum capacitors should be placed within one inch of these
pins. Vec connections to pins 10 and 12 can be made directly from pins
9and 1, but better supply rejection and settling time are obtained if they
are separately bypassed as in Figures 1 and 2. To prevent signal
distortion caused by reflections from impedance mismatches, use
terminated microstrip or coaxial cable when the signal must traverse
more than a few inches.

Since the pc board forms such an important part of the circuit, much
time can be saved if prototype boards of any high frequency sections
are built and tested early in the design phase. Evaluation boards
designed for either inverting or non-inverting gains are available from
Comlinear.

Distortion, Noise, and Amplification Fidelity

The graphs of intercept point versus frequency on the preceding page
make it easy to predict the distortion at any frequency, given the
output voltage of the CLC201. First, convert the output voltage (Vo) to
Vems = (Vpp/2\/§ ) and then to P = (10log10(20Vrms?)) to get output
power in dBm. At the frequency of interest, its 2nd harmonic will
be S; = (I2—P)dB below the level of P. Its third harmonic will be
S3 = 2(I3—P)dB below P, as will the two-tone third order intermodula-
tion products. These approximations are useful for P<—1dB compres-
sion levels.

Approximate noise figure can be determined for the CLC201 using the
Equivalent Input Noise graph on the preceding page. The following
equation can be used to determine noise figure (F) in dB.

in?2 Rg2

A2

vn? +

F=10log| 1 +
4KTRsAf

where v, is the rms noise voltage and iy is the rms noise current at the
inverting node. Beyond the breakpoint of the curves (i.e., where they
are flat), broadband noise figure equals spot noise figure, so Af should
equal one (1) and v, and in should be read directly off the graph. Below
the breakpoint, the noise must be integrated and Af set to the appropriate
bandwidth.
For linear operation of the CLC201 at large output voltage swings (DC
component not included) and at high frequencies, limit the (AC output
voltage) X (frequency) product to 1000V-MHz. Exceeding this rating
will cause the signal to be greatly distorted as the amplifier bias control
circuit reduces the current available for slewing to prevent damage. At
frequencies and voltages within this range the excess slew rate and
bandwidth available will ensure the highest possible degree of amplified
signal fidelity.

Thermal Considerations

At high ambient temperatures or large internal power dissipations, heat
sinking is required to maintain acceptable junction temperatures. Use
the thermal model on the previous page to determine junction temper-
atures. Many styles of heat sinks are available for TO-8 packages; the
Thermalloy 2240 and 2268 are good examples. Some heat sinks are
the radial fin type which cover the pc board and may interfere with
external components. An excellent solution to this problem is to use
surface mounted resistors and capacitors. They have a very low profile
and actually improve high frequency performance. For use of these
heat sinks with conventional components, a .1” high spacer can be
inserted under the TO-8 package to allow sufficient clearance.

Application Notes and Assistance

Application notes that address topics such as data conversion, fiber
optics, and general high frequency circuit design are available from
Comlinear or your Comlinear sales engineer.

Comlinear maintains a staff of highly qualified applications engineers
to provide technical and design assistance.
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Comlinear
L] Corporation

APPLICATIONS:

® coaxial line driving

® DAC current to voltage amplifier

e flash A to D driving

® baseband and video communications
e radar and IF processors

DESCRIPTION:

The CLC203 is a wideband, high-current operational amplifier
which features a unique combination of high power and high
precision. The amplifier's output current of 200mA and a full-power
bandwidth of 60MHz (20V,,,, 100Q2) ensure a quick design solution
for the most demanding loads and signals. The solid 15ns settling
time (to 0.2%) is reinforced by the CLC203’s excellent DC perfor-
mance; typically, the input offset voltage is only 0.5mV and is
guaranteed to be less than 1mV at+25°C. The input offset voltage
drift is typically only 5uV/°C.

The CLC203 is well suited to a wide range of applications. Specif-
ically, the wide bandwidth, fast settling, linear phase, and very low
harmonic distortion provide the designer with the signal fidelity
needed in applications such as driving flash A to Ds or coaxial lines.
The 60MHz full-power bandwidth and 200mA output current of the
CLC203 eliminate the need for power buffers in most applications.
Engineers desiring to improve the DC performance or settling
precision of systems using the original CLC103 may replace it with
a CLC203—in most cases with no design changes (they are pin
compatible, however the CLC203 does not have a bias control pin).

The dynamic performance of the CLC203 is based on Comlinear’s
proprietary op amp topology. This new design provides perfor-
mance far beyond that available from conventional op amp designs;
for example, the —3dB bandwidth remains nearly constant over a
wide range of gains. (See the table below.) And since the amplifier
is inherently stable, the user is saved the trouble and expense of
designing external compensation networks. The result is shorter
design time and the ability to accommodate design changes (in
gain, for example) without loss of performance or a redesign of
compensation circuits.

The CLC203 is constructed using thin film resistor/bipolar tran-
sistor technology. The CLC203Al is specified over a
temperature range of —25°C to +85°C, while the CLC203AM is
specified over a range of -55°C to +125°C and is screened to
Comlinear's M Standard for high reliability applications. Both
devices are packaged in 24-pin ceramic DIPs.

Typical Performance
gain setting

parameter +4 {(+20(+50{—4 |—20|—50| units
—3dB bandwidth 250 (170120 (195|165 120 | MHz
rise time (20V) 4 4 4 4 4 4 ns
slew rate 6| 6| 6| 6| 6 6| V/ns
settling time (0.2%) 15| 15| 18 15| 15| 18 ns

FEATURES:

Fast Settling, High Current
Wideband Op Amps

60MHz full-power bandwidth (20V,,, 100€2)
200mA output current

0.5mV input offset voitage, 5uV/ °C drift

[ ]

L]

® 0.2% settling in 15ns

L]

® 4ns rise and fall times (20V)

Viavert T P 1500

CLC203 Equivalent Circuit Diagram
(all undesignated pins are internally unconnected)

1275 - 1.310 \
I - - -7/ W

0,050 BSC
PN 1 oz 27ssc>‘“‘| F

Package Dimensions o0-001

i
0765 - 0615 z
(19.84 - 20.70) ‘ (o007 2087)

METAL LID: 0.45- 0475
(368

GERAMIC LID: 0.160 -0.190
(4.08-

INDEX.
oors-0075 |
©38-131) CERAMIC LID: mss 0255
0014 -0026
(oas 0866)

(0:20-0.46)

T

0790 - 0810

e — =
489)

METAL LID: a 180-0.240
(457 - 6.10)

[ oresesc
(4.1985C)

Comlinear Corporation « 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 - FAX (303) 226-0564
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CONDITIONS

G R PETRS o2 it
MAX & MIN RATINGS'

SYMBOL

PARAMETERS UNITS
Ambient Temperature CLC203AM +25°C —55°C | +25°C | +125°C
Ambient Temperature CLC203AI +25°C —25°C | +25°C | + 85°C
FREQUENCY DOMAIN RESPONSE
*3dB bandwidth Vou<4Vo, 160 >140 >140 | >110 MHz SSBW
out= 20V, 60 >50 >50 >40 MHz FPBW
gainflatness at Vour<4V,
* peaking 01'to 40MHz 0.1 <07 | <04 | <03 dB GFPL
* peaking >40MHz 0.2 <15 <0.6 <0.6 dB GFPH
* rolloff at 75MHz —_ <0.4 <0.6 <1.0 dB GFR
group delay to 75MHz 3.3+0.3 — — — ns GD
linear phase deviation to 75MHz 1 <3.5 <2.5 <25 ° LPD
reverse isolation to 150MHz
non-inverting 55 >45 >45 >45 dB RINI
inverting 48 >40 >40 >40 dB Rl
TIME DOMAIN RESPONSE
rise and fall time 5V step 25 <2.9 <2.9 <3.3 ns TRS
20V step 4.0 <5.0 <5.0 <5.0 ns TRL
settling time to 0.2% 10V step 15 <25 <20 <25 ns TSP
overshoot 5V step 7 <20 <15 <15 % o5
slew rate (overdriven input) 6 >5 >5 >5 V/ns SR
overload recovery
<50ns pulse, 200% overdrive 30 — — — ns OR
DISTORTION AND NOISE RESPONSE
*2nd harmonic distortion 2V, 20MHz —-55 <-45 <—45 <-45 dBc HD2
*3rd harmonic distortion 2\/;3’ 20MHz —-55 <-—45 <—45 <—45 dBc HD3
equivalent noise input
noise floor >100kHz -158 <-152| <-152| <-152 || dBm(1Hz)| SNF
integrated noise 1kHz to 100MHz 28 <56 <56 <56 v INV
noise floor >5MHz —158 <-152] <-152| <-152 || dBm(1Hz)| SNF
integrated noise 5MHz to 100MHz 28 <56 <56 <56 nv INV
STATIC DC PERFORMANCE
*input offset voltage 0.5 <2.2 <1.5 <25 mV VIO
average temperature coefficient 5 <15 <15 <15 uV/rC DVIO
*inputbias current non-inverting 5 <36 <20 <20 pA IBN
average temperature coefficient 50 <125 <125 <125 nA/°C DIBN
*input bias current inverting 5 <26 <15 <30 A 1BI
average temperature coefficient 50 <200 <200 <200 nA/°C DIBI
*power supply rejection ratio 60 >45 >45 >45 dB PSRR
common mode rejection ratio 46 >40 >40 >40 dB CMRR
*supply current no load 30 <36 <34 <36 mA ICC
MISCELLANEOUS PERFORMANCE .
non-inverting input resistance 250 >100 >100 >100 kQ RIN
capacitance 24 <3 <3 <3 pF CIN
outputimpedance atDC — <0.1 <0.1 <0.1 Q RO
at75MHz 2,45 — — — Q,nH Z0
output voltage range no load — >+11 >+11 >+11 VO

Common Mode and Cutput Voltage Limits
20

| Vem | max
o
o

| Vout| max

supply voltage(Vec)
output current
thermal resistance

(0ca)

junction temperature
operating temperature

storage temperature

lead temperature (soldering 10s)

+20V
+200mA
see thermal model
+175°C

Al: —25°C to +85°C
AM: —55°C to +125°C
—65°C to +150°C
+300°C

*note 1: Parameters preceded by an * are the final electrical test parameters and are 100%
tested. AM units are tested at -55°C, +25°C, and +125°C. Al units are tested only at +25°C
although their performance is guaranteed at —25°C and +85°C as indicated above.

note 2: This rating protects against damage to the input stage caused by saturation of either the
input or output stages. Under transient conditions not exceeding 1us (duty cycle not exceeding
10%), maximum input voltage may be as large as twice the maximum. V., should never exceed
Ve (Vo is the voltage at the non-inverting input, pin 7.)

note 3: This rating protects against exceeding transistor collector-emitter breakdown ratings.

Recommended V. is

+15V.

Comlinear reserves the right to change specifications without notice.
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Non-Inverting Gain and Phase

Inverting Gain and Phase

Broadband Inverting
and Non-Inverting Gain

3-21

Frequency (Hz)

A=+4 AyF—4
Zz sz \ A
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2 =42 2
a8 A =+50 A 0 o8 S non-inverting
- % = g Ay = —50 2
o o °
&o 8 E o
o —
.g : Av=iha ‘“2’ : . A= —4 § inverting
58 t50 \ 58 A=-50 \
g5 / &£ Af-20
v =420
0 20MHz/div 200MHz 0 20MHz/div 200MHz 0 100MHz/div 1GHz
Large Signal Gain and Phase Relative Bandwidth vs. Ve Gain vs. Frequency for Various Loads
11
52> gain 10
hed
2 2 £ 10
T o hd
-2 3 09 >
£ 2 5
33 Phase g a
Ow @ ° 1000
o< o 08 -
2o >
=3 =
S8 % 2000
ca o 07
Vo = 20Vpp
Ay =+20 500
0 10MHz/div 100MHz 8 10 12V (V;4 16 18 0 20MHz/div 200MHz
cc
Small Signal Pulse Response (Inv, Non-Inv) Large Signal Pulse Response (Inv, Non-Inv) Settling Time
. . . U T +05 :
Ay=+20 A =420 +0.4 B
T o 103
R g +02 Sns/div
> : g +01
s 8 B
> e o Sons/di
. 2 —01 meLch
8 o F —02 IEEE N us
- et : ? —o03 S :
CAES20 —04
- —05
5ns/div . 5ns/div Time
2nd and 3rd Harmonic Distortion Intercept 2-Tone 3rd Order Intermod. Intercept CMRR and PSRR
100 55 70
= — 50 PSRR
85 60
n% 2nd harmonic é
E intercept exceeds \ + 45 CMRR
- 70 90dBm below 100kHz 2 = 50
< S £
S & 40 . 8
5 5 ° 40
3 RN ‘ 8 35
g ,,  -dharmonic 3 g ) 2
£ intercept exceeds . = 30 - -
65dBm bslqucukHz
10° 108 107 108 0 20 40 60 80 100 10 102 108 104 108 108 107
Frequency (Hz) Frequency (MHz) Frequency (Hz)
100 Equivalent Input Noise Tease
§ 85°C/W $85°C/W  $200°C/W 3200°C/W 6= 23°C/W in still air without
", a heatsink
I . Ti(pnp) Vs J(npn) ,Tj(cin) ,T}(cir 2) (With heat sinking or air flow,
Iz + ©cq will be lower.)
S < Peir Feirz Peirs Tambient
£ga
g,g 10 :
= g Y - Peirt = 7mA [(+Vcc)—Vout] (For positive Vout and Vce, Pxxx is the power in the
g o Pgir2 = 7mMA [Vout —(—Vee)] npn device. For negative Vout and Ve, this power is
23 Peirs = l¢ [(+Vee) —(—Vec)] where I = 15mA at £15V in the pnp device.)
%’ % Pxxx = lcol [(£Vce)—Vout —lcol (Rcol +5)] where Rcolis an external resistor (22 ohms recommended)
zz - lcol = Vout/Rioad Or 8mA, whichever is between the xxx collector and + V.
greater. (Include Ry in Rioad.) Tj (pnp) = (Ppnp) 85°C/W + (Ptotal) 6ca + Tambient,
- similar for Tj (npn)-
1 Tj (cir1) = (Pcir1) 200°C/W + (Ptotar) bca + Tambient.
10* 10° 10 105 10° 107 10° similar for T (cir2)-
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Capacitancs in uF

Ry 15000 (internal)

Figure 1: recommended non-inverting gain circuit

u5v—I—
Q.‘Il
son PR

R
v R
Ry * 15000 (intornal)

§

Figure 2: recommended inverting circuit

for Zin=500, select Rgl|RI=500

Test fixture layout artwork is available upon request.

CLC203 Operation

The CLC203 is based on Comlinear’s proprietary op
amp topology, a unique design which uses current
feedback instead of the usual voltage feedback. This
design provides dynamic performance far beyond that
previously available, yet it is used basically the same as
the familiar voltage-feedback op amp (see the gain
equations above). A complete discussion of current
feedback is given in application note AN300-1.

Increasing Bandwidth at High Gains

At high gains (| A,/=50) the bandwidth of the CLC203
may be increased by lowering the value of feedback
resistance. This is done by connecting an external
resistor in parallel with the internal 1500Q) feedback
resistor. The table below shows the recommended
external resistor values for different gain settings.

Increasing Bandwidth at High Gains

A external resistor —3dB bandwidth
50 3k 140MHz
100 7500 110MHz

Layout Considerations

To obtain optimum performance from any circuit oper-
ating at high frequencies, good PC layout is essential.
Fortunately, the stable, well-behaved response of the
CLC203 makes operation at high frequencies less
sensitive to layout than is the case with other wideband
op amps, even though the CLC203 has a much wider
bandwidth.

In general, a good layout is one which minimizes the
unwanted coupling of a signal between nodes in a
circuit. A continuous ground plane from the signal input
to output on the circuit side of the board is helpful.
Traces should be kept short to minimize inductance. If
long traces are needed, use microstrip transmission
lines which are terminated in their characteristic imped-
ance. At some high-impedance nodes, or in sensitive
areas such as near pin 5 of the CLC203, stray capac-
itance should be kept small by keeping nodes small and
removing ground plane directly around the node.

The £V connections to the CLC203 are internally
bypassed to ground with 0.022uF capacitors to provide
good high-frequency decoupling. It is recommended
that 1uF or larger tantalum capacitors be provided for

low-frequency decoupling. The 0.01uF capacitors
shown at pins 18 and 20 in figures 1 and 2 should be
kept within 0.1 of those pins. A wide strip of ground
plane should be provided for a signal return path
between the load-resistor ground and these capacitors.

Since the layout of the PC board forms such an impor-
tant part of the circuit, much time can be saved if
prototype amplifier boards are tested early in the design
stage. Encased/connectorized amplifiers are available
from Comlinear.

Distortion and Noise

The graphs of intercept point versus frequency on the
preceding page make it easy to predict the distortion at
any frequency, given the output voltage of the CLC203.
First, convertthe output voltage (Vo) t0 Vims = (Vpp/2v/2)
and then to P = (10l0g10(20Vims?)) to get the output
power in dBm. At the frequency of interest, its 2nd
harmonic will be S, = (1,—P)dB below the level of P. Its
third harmonic will be S3 = 2(l13—P)dB below the level
of P, as will the two-tone third order intermodulation
products. These approximations are useful for P<—1dB
compression levels.

Approximate noise figure can be determined for the
CLC203 using the Equivalent Input Noise graph on the
preceding page. The following equation can be used to
determine noise figure (F) in dB.

in2 Rg2

V2 +"‘_Az_F_

F=10log |1 + ————
4KTRs Af

where v, is the rms noise voltage and in is the rms noise
current at the inverting node. Beyond the breakpoint of
the curves (i.e, where they are flat), broadband noise
figure equals spot noise, so Af should equal one (1) and
vy and i, should be read directly offthe graph. Below the
breakpoint, the noise must be integrated and Af set to
the appropriate bandwidth.

Application Notes and Assistance

Application notes that address topics such as data
conversion, fiber optics, and general high-frequency
circuit design are available from Comlinear or your
Comlinear sales engineer.

Comlinear maintains a staff of highly-qualified ap-
plications engineers to provide technical and design
assistance.
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@ Comlinear Overdrive-Protected
Corporation Wideband Op Amp

APPLICATIONS: FEATURES:

® fast, precision A/D conversion ® —3dB bandwidth of 1770MHz

® automatic test equipment ® 0.1% settling in 22ns

® input/output amplifiers ® complete overdrive protection

® photodiode, CCD preamps ® |ow power: 570mW (57mW at + 5V)
® |F processors ® 3MQ input resistance

® high-speed modems, radios ® output may be current limited

® line drivers

DESCRIPTION:

The CLC205 is a wideband overdrive-protected operational
amplifier designed for applications needing both speed and low
power operation. Utilizing Comlinear’s well-established current
feedback architecture, the CLC205 exhibits performance far
beyond that of conventional voltage feedback op amps. For
example, the CLC205 has a bandwidth of 1770MHz at a gain of
+20 and settles to 0.1% in 22ns. Plus, the CLC205 has a
combination of important features not found in other high-speed
op amps.

For example, the CLC205 has been designed to consume little
power—570mW at =15V supplies. The result is lower power
supply requirements and less system-level heat dissipation. In
addition, the device can be operated on supply voltages as low L i L
as +5V for even lower power dissipation. BOTTOM VIEW

Internal
Feedback

Complete overdrive protection has been designed into the part.
This is critical for applications, such as ATE and instrumentation, Case and bas ground
which require protection from signal levels high enough to
cause saturation of the amplifier. This feature allows the output

Supply Voltage

of the op amp to be protected against short circuits using o et Vee\ Sleey
techniques developed for low-speed op amps. With this capa-
bility, even the fastest signal sources can feature effective short A Ot

circuit protection.

Not +Veof Collector
The CLC205 is constructed using thin-film resistor/bipolar Gomeeted Sueoly
transistor technology and is available in three versions. S
The CLC205AI is specified over a temperature range of Case and bas ground Supply Voltage
—25°C t0+85°C. The CLC205AK, which features burn in

Not Connected

and tested hermeticity, is specified and tested over a Pin 8 provides access to a 20000 feedback resistor which can
temperature range of —55°C to +125°C. The CLC205A8C be connected to he output o left openfan external feedback
is specified and tested over a temperature range of -55°C

to +125°C and is fully compliant with MIL-STD-883, Level Package Dimensions
B. All three versions are packaged in 12-pin TO-8 cans. it s
The DESC SMD number is 5962-90835. oot I
Typical Performance wexs ] B Hb:ﬁ_m' e
gain setting e
parameter +7 |+20|+50{—1 |—20|—50| units
—3dB bandwidth 220 |170| 80 |220|130| 80 | MHz
rise time 17122 47171 29| 47 ns
slew rate 24124241 24| 24| 24| V/ns ©68-001)
settling time (to 0.1%) | 22 | 22| 20| 21| 20| 19 ns

Comlinear Corporation + 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 - FAX (303) 226-0564

DS205.03 January 1993
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PARAMETERS CONDITIONS MAX & MIN RATINGS SYMBOL
Ambient Temperature CLC205AI +25°C |[—25°C | +25°C | +85°C
Ambient Temperature CLC205A8/AK +25°C ||—55°C | +25°C |+125°C
FREQUENCY DOMAIN RESPONSE
*—3dB bandwidth Vout <2Vpp 170 >140 | >140 >125 MHz SSBW
large signal bandwidth Vout <10Vgp 100 >72 >80 >80 MHz FPBW
gain flatness Vout <2Vpp
* peaking 0.1 to 35MHz 0 <0.3 <03 <05 dB GFPL
* peaking >35MHz 0 <05 <05 <0.8 dB GFPH
* rolloff at 70MHz — <0.8 <0.8 <08 dB GFR
group delay to 70MHz 30+ 2| — e — ns GD
linear phase deviation to 70MHz 0.8 <3.0 <20 <30 ° LPD
TIME DOMAIN RESPONSE
rise and fall time 2V step 22 <26 <26 <3.0 ns TRS
10V step 48 <55 <55 <55 ns TRL
settling time to 0.1% 10V step, note 2 22 <27 <27 <27 ns TS
to 0.05% 10V step, note 2 24 <30 <30 <30 ns TSP
overshoot 5V step 7 <14 <14 <14 % oS
slew rate 20V, @ 50MHz 24 >1.8 >20 >20 V/ns SR
DISTORTION AND NOISE RESPONSE, note 3
*2nd harmonic distortion 2Vpp, 20MHz —57 <—50 | <-50 <—=50 || dBc HD2
*3rd harmonic distortion 2Vpp, 20MHz —68 <—=585 | <-55 <—55 || dBc HD3
equivalent input noise
voltage >100kHz 21 <3.0 <30 <35 nV/y/Hz | VN
inverting current >100kHz 22 <30 <30 <35 pA/+/Hz | ICN
non-inverting current >100kHz 4.8 <6.5 <6.5 <75 pA/+/Hz | NCN
noise floor >100kHz =157 ||<—154| <—154 <—153 || dBm(1Hz) | SNF
integrated noise 1kHz to 150MHz 39 <55 <55 <61 uv INV
noise floor >5MHz —1567 |[|<—154 | <—154 <—153 || dBm(1Hz) | SNF
integrated noise 5MHz to 150MHz || 39 <55 <55 <61 uv INV
STATIC, DC PERFORMANCE
*input offset voltage 35 <8.0 <8.0 <110 |[ mV VIO
average temperature coefficient 11 <25 <25 <25 uv/°C DVIO
*input bias current non-inverting 3.0 <25 <15 <15 LA IBN
average temperature coefficient 15 <100 | <100 <100 nA/°C DIBN
*input bias current inverting 20 <22 <10 <25 MA 1Bl
average temperature coefficient 20 <150 | <150 <150 nA/°C DiBI
*power supply rejection ratio 69 >55 >55 >55 dB PSRR
common mode rejection ratio 60 >50 >50 >50 dB CMRR
*supply current no load 19 <20 <20 <22 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance  DC 3.0 >1.0 >1.0 >1.0 MQ RIN
non-inverting input capacitance 70MHz 50 <7.0 <7.0 <7.0 pF CIN
output impedance DC S <01 <01 <041 Q RO
output voltage range no load +12 >+11 | >+11 >+11 ||V VO
internal feedback resistor
absolute tolerance — — <02 — % RFA
temperature coefficient — — —100+40 | — ppm/°C | RFTC
inverting input current self limit 22 <3.0 <3.0 <32 mA iC

Vee +20V Vee +5V to =15V

lout +75mA lout +50mA

common mode input voltage £ (| Vec| —1)V common mode input voltage +(|Vec| —5)V

differential input voltage +3V gain range: +7 to +50, —1 to —50

thermal resistance: See thermal model. . )
junction temperature +175°C *note: 1: Parameters preceded by an * are 100% tested. A8 and AK units

. Y ° are tested at -55°C, +25°C, and +125°C. Al units tested at +25°C, although
operating temperature AB/AAlk' _25552 ttg 1—18255% performance at —25°C and +85°C is guaranteed as shown above.

" ke C to +150° note: 2: Settling time specifications require the use of an external feedback
storage temperature —65°C to +150°C resistor (29).

lead temperature (soldering 10s) +300°C note: 3: In Al units, the noise and distortion specifications are guaranteed

(but not tested) as shown above.

Comlinear reserves the right to change specifications without notice. 3-24
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17.5°C/w

> Titcircuit)

Peircuit

Poireuit = [(+Vye) — (—Vee)]2 / 1.77k02

Pooxx = [(£ Ve ) = Vo — (leor) (Rt + 6)] (leor)
(% duty cycle)

(For positive V, and Vee, this is the power in the

npn output stage.)

(For negative Vo and Ve, this is the power in the

Pnp output stage.)
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10° 10° 19
Frequency (Hz)

102 10?

6ca = 65°C/W in still air without a heatsink
35°C/W in still air with a Thermallay 2268
15°C/W in 300ft/min air with a Thermalloy 2268
(Thermalloy 2240 works equally well.y

leot = Vout/Rioaq or 3mA, whichever is greater. (Include
feedback R in Rioad.)
Rea is a resistor (330 recommended) between the xxx
collector and + V.
Ti tonpy = Ponp (200 + bea) + (Peiy + Pnpn) 6ca + Ta, similar
Or T (npm.
Ti tein = Poir (17.5 + bea) + (Ponp + Popn) o + Ta.
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+15V Capaci in uF
ia.s .1% im
[T
Vin N2| 8
R cLC20 Vo
500 5 7/(10 2000
r‘m— 3,7
Ry To
n'
330 Av=1+n_
'9

e L e

$ l . l R¢=2000(} (internal)

Figure 1: recommended non-inverting gain circuit

330

+15V Capaci in uF

Loo 4 Lo
v &

500 6

J;—«m* N 8
cLc2055Td A

R 1
Vin 25 _—/ﬁ ° izoon
9

R, \

Ay=—

v | 0] "
- R¢=2000¢ (internal,
39 L1 1 0 ! ¢ )

X . 01
I ! i For Z;, =500, select Rl|R;=500
Figure 2: recommended inverting gain circuit

Test fixture schematics are available upon request.

Overdrive Protection

Unlike most other high-speed op amps, the CLC205 is not
damaged by saturation caused by overdriving input signals
(where V;, x gain>max. V,;). The CLC205 self limits the current
at the inverting input when the output is saturated (see the
inverting input current self limit specification); this ensures that
the amplifier will not be damaged due to excessive internal
currents during overdrive. For protection against input signals
which would exceed either the maximum differential or common
mode input voltage, the diode clamp circuits below may be used.

differential protection

common mode Ry
protection

Figure 3: Diode clamp circuits for common mode and
differential mode protection.

Short Circuit Protection

Damage caused by short circuits at the output may be prevented
by limiting the output current to safe levels. The most simple
current limit circuit calls for placing resistors between the output
stage collector supplies and the output stage collectors (pins
12 and 10). The value of this resistor is determined by:

m=%—m
I
Where |, is the desired limit current and R, is the minimum
expected load resistance (0Q) for a short to ground). Bypass
capacitors of 0.01uF on should be used on the collectors as in
Figures 1 and 2.

A more sophisticated current limit circuit which provides a limit
current independent of R, is shown below.
+Vee

Hc
120

Q3

(2N3906)
at

(MJE170)

2l

1
to pin 12 1’ 0.01uF

e
14.3kQ
to pin 10

Ioow

Q2
(MJE180)

Q4
R (2N3904)

o
120

B

Ve,
Figure 4: Active current limit circuit (50mA)

With the component values indicated, current limiting occurs at
50mA. For other values of current limit (1)), select R, to equal

Vpe/li. Where Ve is the base to emitter voltage drop of Q3 (or
Q4) at a current of [2V.—1.4]/ R,, where R,<[(2V.,—1.4) / |]]

Bumin- Also, B, is the minimum beta of Q1 (or Q2) at a current
of I,. Since the limit current depends on V., which is temperature
dependent, the limit current is likewise temperature dependent.
If a temperature-independent current limit circuit is needed,
contact Comlinear.

Controlling Bandwidth and Passband Response

In most applications, a feedback resistor value of 2kQ will
provide optimum performance; nonetheless, some applications
may require a resistor of some other value. The response versus
R; plot on the previous page shows how decreasing R; will
increase bandwidth (and frequency response peaking, which
may lead to instability). Conversely, large values of feedback
resistance tend to roll off the response.

The best settling time performance requires the use of an
external feedback resistor (use of the internal resistor results
in a 0.1% to 0.2% settling tail). The settling performance may
be improved slightly by adding a capacitance of 0.4pF in parallel
with the feedback resistor (settling time specifications reflect
performance with an external feedback resistor but with no
external capacitance).

Noise Analysis

Approximate noise figure can be determined for the CLC205
using the equivalent input noise graph on the preceding page
and the equations shown below.

Noise figure is for the network inside this box.

- Re \ Rs (i, , V2 _ Reiz
F = 10log [1+ Rn + KT (|n + R + R,? A2
_ RsRn . _ Re
where R, = ——RS T Ru A= Re + 1
KT = 4.00 x10-2" Joules at 290°K
V, is spot noise voltage (V/ VHz )
in is non-inverting spot noise current (A/ V Hz )
i; is inverting spot noise current (A / V' Hz )

Printed Circuit Layout

As with any high frequency device, a good PCB layout will
enhance the performance of the CLC205. Good ground plane
construction and power supply bypassing close to the package
are critical to achieving full performance. In the non-inverting
configuration, the amplifier is sensitive to stray capacitance to
ground at the inverting input. Hence, the inverting node
connections should be small with minimal stray capacitance to
the ground plane or other nodes. Shunt capacitance across the
feedback resistor should not be used to compensate for this
effect.

Evaluation PC boards (part number 730008 for inverting, 730009
for non-inverting) for the CLC205 are available.
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] Corporation

APPLICATIONS:

o fast, precision A/D conversion
® automatic test equipment

® input/output amplifiers

e photodiode, CCD preamps

® |F processors

® high-speed modems, radios
® line drivers

DESCRIPTION:

The CLC206 is a wideband, overdrive-protected operational
amplifier designed for applications needing both speed and high
drive capability (100mA). Utilizing Comlinear’s well-established
current feedback architecture, the CLC206 exhibits performance
far beyond that of conventional voltage feedback op amps. For
example, the CLC206 has a bandwidth of 180MHz at a gain of
+20 and settles to 0.1% in 19ns. Plus, the CLC206 has a
combination of important features not found in other high-speed
op amps.

The 100mA output current and the large signal bandwidth of
70MHz (20V,,;) make the CLC206 ideal for applications which
involve both h:gh signal amplitudes and heavy loads as in coaxial
line driving applications.

Complete overdrive protection has been designed into the
CLC206. This is critical for applications, such as ATE and
instrumentation, which require protection from signal levels high
enough to cause saturation of the amplifier. This feature allows
the output of the op amp to be protected against short circuits
using techniques developed for low-speed op amps. With this
capability, even the fastest signal sources can feature effective
short circuit protection.

The CLC206 is constructed using thin-film resistor/bipolar
transistor technology and is available in three versions. The
CLC206AI is specified over a temperature range of —25°C to
+85°C. The CLC206AK, which features burn in and tested
hermeticity, is specified and tested over a temperature range of
-55°C to +125°C. The CLC206A8C is specified and tested over
a temperature range of —55°C to +125°C and is fully compliant
with MIL-STD-883, Level B. All three versions are packaged in
12-pin TO-8 cans. The DESC SMD number is 5962-89858.

Typical Performance

gain setting
parameter +7 |+20|+50[—1 |—20|—50]| units
—3dB bandwidth 2201180 90 220 {145| 90 | MHz
rise time 16 |2 4 16254 ns
slew rate 3434|3434 |34 |34} V/ns
settling time (to 0.1%) |22 |19 [ 17 [[20 |19 | 18 ns

Overdrive-Protected

Wideband Op Amp

FEATURES:

—3dB bandwidth of 180MHz

70MHz large signal bandwidth (20V,)
0.1% settling in 19ns

overdrive protected

output may be current limited

stable w/o compensation

3MQ input impedance

BOTTOM VIEW

Internal Feedback

Collector

Non-inverting A
Supply

Input

Output

Not Collector

Supply

Case and bias ground NC  +Vge Supply Voltage

Not Connected
Pin 8 provides access to a 20002 feedback resistor which can
be connected to the output or left open if an external feedback
resistor is desired.

Package Dimensions
0.595 - 0.605
|,(15.11 - 15.37)
[0.543-0.555
(13.79 - 14. ll»

m

0.142-0.181
@61 -a50)_L

L oow-oa
T 1 C4t-o79)

—{}—oo1s-0019

(041-048)
0200BSC.
(5.08 BSC)

0310-0.340
(7.87 -8.64)

0.100 BSC
(2.54 BSC)

(066 -091)

Comlinear Corporation + 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 -+ FAX (303) 226-0564
January 1993

DS206.03
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PARAMETERS

CONDITIONS

TYP MAX & MIN RATINGS UNITS SYMBOL
Ambient Temperature CLC206AI +25°C |[—25°C | +25°C |+85°C
Ambient Temperature CLC206A8/AK +25°C ||—55°C | +25°C |+125°C
FREQUENCY DOMAIN RESPONSE
*—3dB bandwidth Vout <2Vpp 180 >150 | >150 >135 MHz SSBW
large signal bandwidth Vout <20Vpp 70 >54 >60 >60 MHz FPBW
gain flatness Vout <2Vpp
* peaking 0.1 to 40MHz 0 <0.3 <0.3 <05 dB GFPL
* peaking >40MHz 0 <05 <05 <038 dB GFPH
* rolloff at 75MHz - <07 <0.7 <07 dB GFR
group delay to 75MHz 302 ||— - — ns GD
linear phase deviation to 75MHz 0.6 <20 <15 <20 ° LPD
TIME DOMAIN RESPONSE
rise and fall time 2V step 2.0 <25 <25 <27 ns TRS
20V step 7.0 <85 <85 <85 ns TRL
settling time to 0.1% 10V step, note 2 22 <25 <25 <25 ns TS
to 0.05% 10V step, note 2 24 <27 <27 <27 ns TSP
overshoot 10V step 11 <15 <15 <15 % oS
slew rate 20Vpp, 100MHz 3.4 >27 >3.0 >3.0 V/ns SR
DISTORTION AND NOISE RESPONSE, note 3
*2nd harmonic distortion 2Vpp, 20MHz —59 <—=50 | <-50 <—50 || dBc HD2
*3rd harmonic distortion 2Vpp, 20MHz —67 <—55 | <—55 <—55 || dBc HD3
equivalent input noise
voltage >100kHz 21 <30 <30 <35 nV/+/Hz_ | VN
inverting current >100kHz 22 <30 <30 <35 pA/+/Hz | ICN
non-inverting current >100kHz 5.0 <70 <7.0 <8.0 pA/+/Hz | NCN
noise floor >100kHz —157 ||[<—154 | <—154 <—153 || dBm(1Hz) | SNF
integrated noise 1kHz to 150MHz 39 <55 <55 <61 uv INV
noise floor >5MHz —157 || <—154| <—154 <—153 || dBm(1Hz) | SNF
integrated noise 5MHz to 150MHz || 39 <55 <55 <61 uVv INV
STATIC, DC PERFORMANCE
*input offset voltage 35 <80 <80 <110 |[mV VIO
average temperature coefficient 1 <25 <25 <25 uv/°C DVIO
*input bias current non-inverting 4.0 <30 <20 <20 uA IBN
average temperature coefficient 20 <125 | <125 <125 nA/°C DIBN
*input bias current inverting 20 <26 <10 <30 UuA 1BI
average temperature coefficient 40 <200 | <200 <200 nA/°C DIBI
*power supply rejection ratio 65 >55 >55 >55 dB PSRR
common mode rejection ratio 60 >50 >50 >50 dB CMRR
*supply current no load 29 <31 <3 <33 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance  DC 3.0 >1.0 >1.0 >10 MQ RIN
non-inverting input capacitance 75MHz 52 <70 <70 <70 pF CIN
output impedance DC — <041 <041 <01 Q RO
output voltage range no load +12 >+11 | >+11 >+11 ||V VO
internal feedback resistor
absolute tolerance — — <0.2 — % RFA
temperature coefficient — — —100+40 | — ppm/°C | RFTC
inverting input current seif limit 33 <45 <4.5 <47 mA iCL

Vee

+5V to =15V

lout +150mA lout +100mA

common mode input voltage (| Vec| —1)V common mode input voltage (| Vec| —5)V

differential input voltage +3V gain range: +7 to +50, —1 to —50

thermal resistance: See thermal model. R *note: 1: Parameters preceded by an * are 100% tested. A8 and AK units
junction temperature +175°C are tested at -55°C, +25°C, and +125°C. Al units tested at +25°C, although

operating temperature  Al: —25°C to +85°C

A8/AK: —55°C to +125°C
—65°C to +150°C

lead temperature (soldering 10s) +300°C

storage temperature

(but not tested) as shown above.

performance at -25°C and +85°C is guaranteed as shown above.

note 2: Settling time specifications require the use of an external feedback
resistor (2Q).

note 3: In Al units, the noise and distortion specifications are guaranteed

Comlinear reserves the right to change specifications without notice.

3-28



Non-Inverting Gain and Phase Inverting Gain and Phase

Response vs. External R¢

1 Ay =480
AT Gain ) e :
E N 22 Z
2T s 32 2
% e Gain % g - Ay 5T %
-9 : e 29 P I3}
=9 LA £F Phase E
° : . : w
Sg A= 450, ﬁ; Py "'Av—;t"? é
2o Phase Av=+7 Zo Ay =20 v 2
Ba . ! sg A= ~50-" kS :
© C Ay = 42 G C : . o i
T v 20 Ta . ’ T A= +7
Ay = +50 o :
h v =80 Ay = 20 : HE e
0 20MHz/div 200MHz 0 20MHz/div 200MHz 0 20MHz/div 200MHz
Large Signal Gain and Phase Relative Bandwidth vs. Vec Gain and Phase for Various Loads
09 /
33 08 33
93 3 53
S g : 2o7 °3
c D> c <
538 306 53
o8 2 Se
2% £ 05 »“2’ >
. €04 g
o . 25
0.3
SR 0'2' -
0 10MHz/div 100MHz 4 6 10 12 14 16
+Vee (V)
Small Signal Pulse Response Large Signal Pulse Response
g
k< 5
3 3 8
3 BN w
S e 2
3
7]
5ns/div 5ns/div ) 0 5ns/div 50ns
2nd and 3rd Harmonic Distortion 2-Tone 3rd Order Intermodulation Intercept CMRR and PSRR
B0 ST T e e R 45 W . el D 100. .
. 40
=45 =
g_ &
T -50 5 35
H
5 -60 ©
2 : 2
a -65 £
-70° .
—75 )
—80 g g 20 . . o 1
10° 107 10° 0 20 40 60 80 100 10 10  10*  10° 10° 107 10°
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Equivalent Input Noise Thermal Model
100 - T Bea = 65°C/W in still air without a heatsink
—— case 35°C/W in still air with a Thermalloy 2268
NN N o N 15°C/W in 3001ft/min air with a Thermalloy 2268
LT 100°C/W 100°C/W 17.5°C/w bea (Thermalloy 2240 works equally well.)
% 20. *~Ti(pnp) *Tj(npn) *Tj(circuit)
; = Ppnp r"npn Peircuit
8 § Tambient
S5
>0 . X
(O3 Peircuit = [(+Vee) = (—Vee) ]2 7 1.15kQ lcal = Vout/ Rioaa OF 4mA, whichever is greater. (Include
38 Pocx = [(Vec) = Vou — (Ica) (Rear +6)1  (lcal) feedback R in Ricaa.)
zz (% duty cycle) Reot is a resistor (330 recommended) between the xxx

(For positive V, and Ve, this is the power in the
npn output stage.)
(For negative Vb and Ve, this is the power in the
pnp output stage.)
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Frequency (Hz)

collector and +Vec.
T toom = Ppnp (100 + Bca) + (Peir + Pnpn) Bca + Ta, similar

or Ti tnpn)-
Ti ein = Peir (17.5 + 8ca) + (Ponp + Prpn) fca + Ta.
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in uF

Figure 1: recommended non-inverting gain circuit

+15V ™ Capaci in wF
! o1

R;=2000(} (internal)
01
1; For Z,, =500, select Rgl|R, =500

Figure 2: recommended inverting gain circuit

Test fixture schematics are available upon request.

Overdrive Protection

Unlike most other high-speed op amps, the CLC206 is not
damaged by saturation caused by overdriving input signals
(where V; X gain> V). The CLC206 self limits the current at
the inverting input when the output is saturated (see the
inverting input current self limit specification); this ensures that
the amplifier will not be damaged due to excessive internal
currents during overdrive. For protection against input signals
which would exceed either the maximum differential or common
mode input voltage, the diode clamp circuits below may be

used. differential protection

+
CLC205 V,

+Vee ~V1L, out

common mode Ry
protection

Figure 3: Diode clamp circuits for common mode and differential
mode protection

Short Circuit Protection:
Damage caused by short circuits at the output may be
prevented by limiting the output current to safe levels. The
most simple current limit circuit calls for placing resistors
between the output stage collector supplies and the output
stage collectors (pins 12 and 10). The value of this resistor is
determined by:

Re = \—I/c' —Ri

|

Where |, is the desired limit current and R, is the minimum
expected load resistance (0} for a short to ground). Bypass
capacitors of 0.01uF on should be used on the collectors as
in Figures 1 and 2.

A more sophisticated current limit circuit which provides a limit
current independent of R, is shown below.
+Vee

Ro
60 Q3
(2N3906)

Q1
(MJE170)

to pin 12 10'01 uF

R,
14.3kQ2
to pin 10
1 0.01uF
(MJE180)

Q4
R, (2N3904)
6Q

‘Vcl:
Figure 4: Active current limit circuit (100mA)

With the component values indicated, current limiting occurs
at 100mA. For other values of current limit (I;), select R.to
equal Vp/l; Where V,, is the base to emitter voltage drop of
Q3 (or Q4) at a current of [2V, —1.4)R, where

Ry=[(2Vce—1.4)/1)) Brin. Also, B, is the minimum beta of Q1
(or Q2) at a current of I, Since the limit current depends on
Vpe, Which is temperature dependent, the limit current is like-
wise temperature dependent. If a temperature-independent
current limit circuit is needed, contact Comlinear.

Controlling Bandwidth and Passband Response

In most applications, a feedback resistor value of 2k will
provide optimum performance; nonetheless, some applications
may require a resistor of some other value. The response
versus R; plot on the previous page shows how decreasing R
will increase bandwidth (and frequency response peaking,
which may lead to instability). Conversely, large values of
feedback resistance tend to roll off the response.

The best settling time performance requires the use of an
external feedback resistor (use of the internal resistor results
in a 0.1% to 0.2% settling tail). The settling performance may
be improved slightly by adding a capacitance of 0.4pF in parallel
with the feedback resistor (settling time specifications reflect
performance with an external feedback resistor but with no
external capacitance).

Noise Analysis

Approximate noise figure can be determined for the CLC206
using the equivalent input noise graph on the preceding page
and the equations shown below.

Noise figure is for the network inside this box

— RS RS i Vn2 RF2 iiz
F = 10log [1 * Re Y kT ( in2 + Rz + Ry A2 )]

Rs Rn . Re
Re + Rw '™ " Re
kT = 4.00 X 107" Joules at 290°K
Vh is spot noise voltage (V/+/ Hz) -
in is non-inverting spot noise current (A/\/Hz )

i; is inverting spot noise current (A/+/Hz)

Printed Circuit Layout
As with any high frequency device, a good PCB layout will
enhance the performance of the CLC206. Good ground plane
construction and power supply bypassing close to the package
are critical to achieving full performance. In the non-inverting
configuration, the amplifier is sensitive to stray capacitance to
ground at the inverting input. Hence, the inverting node
connections should be small with minimal stray capacitance
to the ground plane. Shunt capacitance across the feedback
resistor should not be used to compensate for this effect.

where R, =

3

Evaluation PC boards (part number 730008 for inverting,
730009 for non-inverting) for the CLC206 are available.
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APPLICATIONS:
e fast, precision A/D conversion
e wide dynamic range |IF amps
e test waveform generation

® VCO drivers

® DDS postamps

® radar/communication receivers
® line drivers

DESCRIPTION:

The CLC207 is a wideband, low distortion operational amplifier
designed specifically for applications requiring both high speed
and wide dynamic range. Utilizing Comlinear’s proprietary
current feedback architecture, the CLC207 offers performance
far superior to that of conventional voltage feedback op amps.

The most attractive feature of the CLC207 is its extremely
low distortion: —80/—85dBc 2nd/3rd harmonics at 20MHz
(2Vpp, R =20012). The CLC207 also provides —3dB bandwidth
of 170MHz at a gain of +20, settles to 0.1% in 22ns and slews
at a rate of 2400V/us, yet is unity-gain stable without external
compensation. The combination of these features positions the
CLC207 as the right choice for high speed applications requiring
exceptional signal purity.

High speed, high resolution A/D and D/A converter systems
requiring low distortion operation will find the CLC207 an
excellent choice. Wide dynamic range systems such as radar
and communication receivers will find that the CLC207’s low
harmonic distortion and low noise make it an attractive high
speed solution.

The addition of the CLC207 to the 205/206 Series of high speed
operational amplifiers broadens the selection of features
available from which to choose. The CLC205 offers low power
operation, the CLC206 offers higher drive operation, and the
CLC207 offers operation with extremely low distortion, all of
which are pin compatible and overdrive protected.

The CLC207 is constructed using thin-film resistor/bipolar
transistor technology and is available in three versions. The
CLC207Al is specified over a temperature range of —-25°C to
+85°C. The CLC207AK, which features burn-in and tested
hermeticity, is specified and tested over a temperature range of
-55°C to +125°C. The CLC207A8C is specified and tested over
a temperature range of -55°C to +125°C and is screened to MIL-
STD-883 for high-reliability applications. All three versions
come in 12-pin, TO-8 packages. The DESC SMD number is
5962-90977.
Typical Performance

gain setting
parameter +7 |[+20|+50(—1 |—20|—50| units
—3dB bandwidth 220{170| 80 |[220|130| 80 | MHz
rise time 17122 47|1.7| 29| 47 ns
slew rate 241 24| 24|24 24| 24| V/ns
settling time (to 0.1%) | 22 | 22| 20| 21| 20| 19 ns

Low Distortion

FEATURES (typical):

0.1% settling in 22ns
2400V/us slew rate
overdrive protection
3MQ input resistance

Wideband Op Amp

—80/—85dBc 2nd/3rd harmonics at 20MHz
—3dB bandwidth of 170 MHz

output may be current limited

iy

Man“g 5

Case and bias ground

Non-Inverting

input

Inverting
Input

Not
Connected

Case and bias ground

Not Connected

resistor is desired.

BOTTOM VIEW

Internal
Feedback

Pin 8 provides access to a 2000Q) feedback resistor which can
be connected to the output or left open if an external feedback

Supply Voltage

-Vec\ Collector
Supply

Output

0.595 - 0.605

—o. 13.79 - 14.10)
FErR A I et
[

Package Dimensions

R B

0.200BSC.
(508 BSC)H‘

o6

0400BSC | | 08

(10.16 BSC) 04
o,

gy

0.100 BSC
{254 BSC)

L 0.016-0030
T e4t-079)
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PARAMETERS CONDITIONS TYP MAX & MIN RATINGS UNITS | SYMBOL
Ambient Temperature CLC207Al +25°C -25°C +25°C | + 85°C
Ambient Temperature CLC207A8/AK +25°C —55°C +25°C | +125°C
FREQUENCY DOMAIN RESPONSE
* —3dB bandwidth Vout<2Vy, 170 >140 | >140 >125 MHz SSBW
ou‘<10\)f,,, 100 >72 | >80 >80 || MHz LSBW
gainflatness out<2Vp,
*  peaking 0.1to 35MHz 0 <0.3 <0.3 <05 dB GFPL
*  peaking >35MHz 0 <05 | <05 <0.8 dB GFPH
* rolloff at70MHz — <08 | <08 <0.8 dB GFR
group delay to 70MHz 3.0+.2 —_— — — ns GD
linear phase deviation to 50MHz 0.8 <3.0 <20 <3.0 ° LPD
TIME DOMAIN RESPONSE
rise and falltime 2V step 2.2 <2.6 <2.6 <3.0 ns TRS
10V step 4.8 <55 <55 <5.5 ns TRL
settlingtime to 0.1% 10V step, note 2 22 <27 <27 <27 ns TS
t00.05% 10V step, note 2 24 <30 <30 <30 ns TSP
overshoot 5V step 7 <14 <14 <14 % 0s
slewrate 20V, @ 50MHz 2400 >1800| >2000 >2000 V/us SR
DISTORTION AND NOISE RESPONSE, note 3
*2nd harmonic distortion 2V, 20MHz, R, = 200Q" -80 <-68 | <-76 <-76 dBc HD2
R, = 100Q -69 <-64 | <-64 <-64 dBc HD2
*3rd harmonic distortion Vo 20MHZ, R, = 200Q* -85 <-76 | <-76 <-76 dBc HD3
R, = 100Q —69 <—64 | <—64 <-64 dBc HD3
equivalent noise input
voltage >100kHz 1.6 <1.8 <1.8 <18 nV/VHz | VN
inverting current >100kHz 20 <23 <23 <23 pA/VHz | ICN
non-inverting current >100kHz 2.2 <25 <25 <25 pA/VHz | NCN
noise floor >100kHz —158 <-157} <-157 <-157|| dBmyy;, SNF
integrated noise 1kHz to 150MHz 33 <38 <38 <38 Y INV
integrated noise 5MHz to 150MHz 33 <38 <38 <38 v INV
STATIC DC PERFORMANCE
*input offset voltage 3.5 <8.0 <8.0 <11.0 mv VIO
average temperature coefficient 11 <25 <25 <25 pV/°C DVIO
*input bias current non-inverting 3.0 <25 <15 <15 HA IBN
average temperature coefficient 15 <100 | <100 <100 nA/°C DIBN
*input bias current inverting 2.0 <22 <10 <25 nA 1BI
average temperature coefficient 20 <150 | <150 <150 nA/°C DiBI
*power supply rejection ratio 69 >55 >55 >55 dB PSRR
common mode rejection ratio 60 >50 >50 >50 dB CMRR
*supply current noload 25 <27 <27 <29 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance DC 3.0 >1.0 >1.0 >1.0 MQ RIN
non-invertinginput capacitance ~ 70MHz 5.0 <7.0 <7.0 <7.0 pF CIN
outputimpedance DC — <0.1 <0.1 <0.1 Q RO
output voltage range no load *12 >x11 | >=11 >=x11 Vv VO
internal feedback resistor 2.0 — — — kQ RF
absolute tolerance — — <0.2 — % RFA
temperature coefficient — — ~100=40 — ppm/°C RFTC
inverting input current self limit 2.2 <3.0 <3.0 <3.2 mA ICL

20V Ve

Vee +5V o £15V

lout +150mA lout +100ma

Vewms Vour Vec[>15V  %(29—|Veo)V Veu = (|Vocl-5)V

|Veel=15V +(|Vee|—1)V  gain range +71to +50, —1to —50

differential input voltage +=3V

junction temperature +175°C Notes:

operating temperature range note 1: Parameters preceded by an * are 100% tested. A8 and AK
Al: —25°C to + 85°C units are tested at -55°C, +25°C anc} +125°C. /}I units are tested at
AS/AK: —55°C to +125°C +25°C, though performance at —25°C and +85°C is guaranteed as

storage temperature
lead temperature (soldering 10s)

-65°C to +150°C
+300°C

shown above.

note 2: Setiling time specifications require the use of an external
feedback resistor (2kQ).

note 3: In Al units, the noise specifications are guaranteed (but not
tested) as shown above. A8 and AK units tested with R; = 200Q.

Comlinear reserves the right to change specifications without notice.
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+15V Capaci in uF
%3.9 .1% %.01
Vip 0 I
}7?09 5CLCZU7 Vo
é Ry 9 & 2000
1 a
=14—
. 1 1 330 Av Ry
l 39 lJ im - Ry=2000Q (internal)

Figure 1: recommended non-inverting gain circuit

in uF

R¢=2000Q (internal)
For Z,,=500, select Rg||R,;=500Q

Figure 2: recommended inverting gain circuit

Test fixture schematics are available upon request.

Overdrive Protection

Unlike most other high-speed op amps, the CLC207 is not
damaged by saturation caused by overdriving input signals
(where V;, xgain>max.V,,). The CLC207 self limits the
current at the inverting input when the output is saturated
(see the inverting input current self limit specification); this
ensures that the amplifier will not be damaged due to
excessive internal currents during overdrive. For protection
against input signals which would exceed either the maximum
differential or common mode input voltage, the diode clamp
circuits below may be used.

ditferential protection

+

CLC207 Vout

common mode
protection Re

Figure 3: diode clamp circuits for common mode and
differential mode protection

Short Circuit Protection

Damage caused by short circuits at the output may be
prevented by limiting the output current to safe levels. The
most simple current limit circuit calls for placing resistors
between the output stage collector supplies and the output
stage collectors (pins 12 and 10). The value of this resistor
is determined by:

R, =V./|,- R,
Where |, is the desired limit current and R, is the minimum
expected load resistance (0Q2 for a short to ground). Bypass

capacitors of 0.01uF on should be used on the collectors as
in Figures 1 and 2.

A more sophisticated current limit circuit which provides a
limit current independent of R, is shown below.

+Vee

to Pin 10

Figure 4: active current limit circuit (50mA)

With the component values indicated, current limiting occurs
at 50mA. For other values of current limit (1), select R, to
equal Vy,/l.. Where V,,, is the base to emitter voltage drop
of Q3 (or Q4) at a current of [2V..—1.4)R,, where
Ry=[(2Vcc—1.4)/]] Byin- Also, B, is the minimum beta of
Q1 (or Q2) at a current of |,. Since the limit current depends
on Ve, Which is temperature dependent, the limit current is
likewise temperature dependent. If a temperature-

independent current limit circuit is needed, contact Comlinear.

Controlling Bandwidth and Passband Response

In most applications, a feedback resistor value of 2k will
provide optimum performance; nonetheless, some
applications may require a resistor of some other value. The
response versus R; plot on the previous page shows how
decreasing R; will increase bandwidth (and frequency
response peaking, which may lead to instability). Conversely,
large values of feedback resistance tend to roll off the
response.

The best settling time performance requires the use of an
external feedback resistor. (Use of the internal resistor results
in 0.1% to 0.2% settling tail.) The settling performance may
be improved slightly by adding a capacitance of 0.4pF in
parallel with the feedback resistor. (Settling time
specifications reflect performance with an external feedback
resistor but with no external capacitance.)

Thermal Model

o Tease
100°C/W 100°C/W 17.5°C/W Bea
*Titprp) *~Ti(npn) *+Titcircuit)

Ponp Popn Peircuit

Percun=[(+Vec) = (=Veof* / 1.77kQ
Prooc=[(%Vee) = Vour = (leol) (Rt +6)] (leai)
(% duty cycle)
(For positive V,, and V., this is the power in the npn output stage.)
(For negative V,, and V,, this is the power in the pnp output stage.)

8.2 =65°C/W in still air without a heatsink
35°C/W in still air with a Thermalloy 2268B
15°C/W in 300ft/min air with a Thermalloy 22688
(Thermalloy 2240 works equally well.)

loo1=Vou/Ricas OF 3MA, whichever is greater. (Include
feedback R in Rygaq.)
Rqo is a resistor (33() recommended) between the xxx collector and £V
T; orpy =Ppnp(200 + 6c5) + (Pir + Prgy) 0ca + Ty,
similar for T; (non)-
T @in=Por(17.5 + 8ga) + (Pprp + Prpn) 8ca + Ta

Printed Circuit Layout

As with any high frequency device, a good PCB layout will
enhance the performance of the CLC207. Good ground plane
construction and power supply bypassing close to the
package are critical to achieving full performance. In the non-
inverting configuration, the amplifier is sensitive to stray
capacitance to ground at the inverting input. Hence, the
inverting node connections should be small with minimal stray
capacitance to the ground plane or other nodes. Shunt
capacitance across the feedback resistor should not be used
to compensate for this effect.

Evaluation PC boards (part number 730008 for inverting,
730009 for non-inverting) for the CLC207 are available from
Comlinear at minimal cost.
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Comlinear
Corporation

APPLICATIONS:

® very high speed D to A, A to D conversion
® high speed fiber optics systems

® baseband and video communications

® radar and IF processors

® very fast risetime pulse amplifiers

DESCRIPTION:

The CLC220 is a wide bandwidth DC-coupled operational amplifier
that defines the state-of-the-art in high speed op amps. A —3dB
bandwidth of DC to 190MHz is achieved using a proprietary
Comlinear design. Ultra-fast settling time (8nsec to 0.1%) and slew
rate (7000V/ usec) make the CLC220 a superior ampilifier for pulsed
and digital applications.

Since thermal tail has been eliminated, the CLC220 settles fast and
remains solidly at the desired level. Flat gain and linear phase
(1.2° deviation from linear) from DC to beyond 100MHz help the
CLC220 to achieve distortion levels uncommonly low relative to
conventional op amps.

Using the CLC220 is as easy as adding power supplies and a
gain-setting resistor. The result is reliable, consistent performance
because such characteristics as bandwidth and settling time are
virtually independent of gain setting. Unlike conventional op amp
designs where the optimum gain-bandwidth product occurs at a
high gain, minimum settling time at a gain of —1, maximum slew
rate at a gain of +1, et cetera, the CLC220 offers predictable
response at gain settings from =1 to +50. This, coupled with
consistent performance from unit to unit with no external
compensation, makes the CLC220 a real time and cost-saver in
design and production situations alike.

This combination of features makes the CLC220 appropriate for a
broad range of applications. The wide bandwidth, DC coupling, and
fast settling lend themselves well to high speed D to A and “flash”
A to D applications. Both receivers and transmitters in optical fiber
systems have similar requirements. High gain and phase linearity
and corresponding low distortion make the CLC220 ideal for many
digital communication system applications, such as in the demod-
ulator, where the need for both DC coupling and high frequency
amplification creates requirements that are difficult to meet.

The CLC220 is constructed using thin-film resistor/bipolar
transistor technology. The CL220Al is specified over a
temperature range of —25°C to +85°C, while the CLC220A8C is
specified over a range of —-55°C to +125°C and is fully compliant
with MIL-STD-883, Level B. Both devices are packaged in 12-
pin metal TO-8 cans. The DESC SMD number is 5962-89911.

Typical Performance

gain setting
parameter +4 |+20|+50)|—4 |—20|—50| units
—3dB bandwidth 250 (190 {120 (200 | 190 {150 | MHz
rise time (2V) 16 (1923 |16 |19 |23 ns
slew rate 7 7 7 7 7 7| V/ns
settling time (0.1%) 10 8| 10 8 8| 10 ns

Fast Settling, Wideband
Operational Amplifiers

FEATURES:

—3dB bandwidth of 190MHz
0.1% settling in 8ns
7000V/us slew rate

1.9ns rise and fall times

low distortion, linear phase

BOTTOM VIEW
Internal
Feedback

Supply Voltage

input

inverting
input

Bias Controt
Pin 8 provides access to a 1500 ohm feedback resistor. Pin 2
allows the user to reduce the amplifier supply current or to
turn the amplifier off completely.

Package Dimensions

0.142-0.181
(361 ~4.60) _L_
__Loow-oomw
0310-0340 (041-076)
(787864 ]
—{—ogre-o0te
041-048)
0.200 BSC.
(5.08850) 0100 BSC

o
o w0l [ ooes-oms

999 (0.66-0.81)

N\

45 BSC
00260038
(086-091)
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PARAMETERS CONDITIONS TYP MAX & MIN RATINGS' UNITS | SYMBOL
Ambient Temperature CLC220Al +25°C -25°C +25°C +85°C
Ambient Temperature CLC220A8 +25°C -55°C +25°C | +125°C
FREQUENCY DOMAIN RESPONSE
* —3dB bandwidth Vour<2Vp, 190 >160 >170 >150 MHz SSBW
gainflatness at Vour<2V,
* peaking 0.1to 50RXHZ 0 <0.5 <0.3 <0.4 dB GFPL
*  peaking >50MHz 0 <15 <0.6 <1.0 dB GFPH
* rolloff at 100MHz 0 <0.4 <0.6 <0.9 dB GFR
group delay to 100MHz 3.0+03 — — — ns GD
linear phase deviation to 100MHz 1.2 <2 <2 <2 ° LPD
reverse isolation to 100MHz
non-inverting 60 >50 >50 >50 dB RINI
inverting 45 >35 >35 >35 dB RIIN
TIME DOMAIN RESPONSE
rise and falltime 2V step 1.9 <22 <241 <22 ns TRS
5V step 2 <2.6 <25 <2.6 ns TRL
settlingtime to .02% 5V step* 15 —_ — — ns TSP
t0.1% 5V step* 8 <15 <12 <15 ns TS
overshoot 5V step 7 <15 <12 <12 % (o]
slew rate (overdriven input) 7 >6 >6 >6 Vins SR
overload recovery
<50ns pulse, 200% overdrive 25 — — —_ ns OR
DISTORTION AND NOISE RESPONSE
*2nd harmonic distortion 2V, 20MHz —-58 <-50 | <-50 | <-50 dBc HD2
*3rd harmonic distortion 2V, 20MHz —-62 <-50 | <-50 [ <-50 dBc HD3
equivalent noise input
noise floor >100kHz -156 <—-150f <-150| <-150 || dBm(1Hz)| SNF
integrated noise 1kHz to 200MHz 50 <100 <100 <100 Y% INV
noise floor >5MHz —156 <-150| <-150| <-150 || dBm(1Hz)| SNF
integrated noise 5MHz to 200MHz 50 <100 <100 <100 v INV
STATIC DC PERFORMANCE
*input offset voltage 10 <25 <25 <25 mV VIO
average temperature coefficient’ 35 <120 <120 <120 pV/°C DVIO
*input bias current non-inverting 10 <40 <30 <40 nA IBN
average temperature coefficient’ 20 <125 <125 <125 nA/rC DIBN
*input bias current inverting 20 <70 <50 <70 HA 12}
average temperature coefficient’ 70 <250 <250 <250 nA/°C DIBI
*power supply rejection ratio 55 >45 >45 >45 dB PSRR
common mode rejection ratio 46 >40 >40 >40 daB CMRR
*supply current noload 30 <36 <34 <36 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 250 >100 >100 >100 kQ RIN
capacitance 24 <3 <3 <3 pF CIN
outputimpedance atDC — <0.1 <0.1 <0.1 Q RO
at 100MHz 1,35 — — — Q,nH ZO
output voltage range no load — >+10 >=+10 >+10 ) VO
internal feedback resistor absolute tolerance <0.4 — — —_ % RFA

Common Mode and Output Voltage Limits

supply voitage (Vec)
output current

20

| Vem | max
S

| Vout | max

is+ 15V.

thermal resistance (6ca)
junction temperature
operating temperature

storage temperature
lead temperature (soldering 10s)

+20V
+50mA
see thermal model
+175°C
Al: —25°C to +85°C
A8: —55°C to +125°C
—65°C to +150°C
+300°C

*note 1: Parameters preceded by an * are the final electrical test parameters and are 100% tested. A8 units are
tested at ~55°C, +25°C, +125°C. Al units are tested only at +25°C although performance at —25°C and +85°C is
guaranteed to be better than or equal to the performance specified for A8 devices in the —55°C and +125°C
ranges. Maximum temperature coefficient parameters apply only to A8 devices.

note 2: This rating protects against damage to the input stage caused by saturation of either the input or output
stages. Under transient conditions not exceeding 1us (duty cycle not exceeding 10%), maximum input voltage
may be as large as twice the maximum. V., should never exceed V. (V. is the voltage at the non-inverting
input, pin 6).

note 3: This rating protects against exceeding transistor collector-emitter breakdown ratings. Recommended V.

note 4: Settling time specification requires the use of an external feedback resistor (15000).

Comlinear reserves the right to change specifications without notice.
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Tj (pnp) = Ppnp (200 + Gca) + (Peir + Pnpn) fca + Ta,
similar for Tj (npn).
Tj (cin = Pcir (37 + 6ca) + (Ppnp + Pnpn) + 6ca + Ta.



in uF

Figure 1: suggested non-inverting gain circuit

Capaci in pF
fm

Ry=15000) (internal)
]" For Z,, =502, select Rl|R, =500

Figure 2: suggested inverting gain circuit

Test fixture schematics are available upon request.

Controlling Bandwidth and Passband Resp

As with any op amp, the ratio of the two feedback resistors R; and Ry
determines the gain of the CLC220. Unlike conventional op amps,
however, the closed loop pole-zero response of the CLC220 is affected
very little by the value of R, R%scales the magnitude of the gain, but
does not change the value of the feedback. This is possible due to a
proprietary circuit topology. R; does influence the feedback and so the
CLC220 has been internally compensated for optimum performance
with R;=15009Q. External R, values greater than 1500Q can be used
with approximate results as listed in Table 1. Use of R; values less
than 1500Q will result in extended bandwidth and peaking of the
response at high frequencies. For example, R;= 10000 will result in a
—3dB bandwidth of about 300MHz, with approximately 3.5dB of
peaking above 200MHz. An RC network with a —3dB bandwidth of
about 250MHz could be used at the input to flatten the response,
although it will reduce the bandwidth of the overall circuit.

Table 1: Bandwidth versus R;

Ry f+0.3dB f—3.0dB
(k) (MHz) (MHz2)
2 25 80
5 10 30
10 5 15

Layout Considerations

To assure optimum performance the user should follow good layout
practices which minimize the unwanted coupling of signals between
nodes. During initial breadboarding of the circuit, use direct point to
point wiring, keeping the lead lengths to less than .25". The use of
solid, unbroken ground plane is helpful. Avoid wire-wrap type pc
boards and methods. Sockets with small, short pin receptacles may be
used with minimal performance degradation although their use is not
recommended.

During pc board layout, keep all traces short and direct. The resistive
body of Ry should be as close as possible to pin 5 to minimize
capacitance at that point. For the same reason, remove ground plane
from the vicinity of pins 5 and 6. In other areas, use as much ground
plane as possible on one side of the board. It is especially important
to provide a ground return path for current from the load resistor to the
power supply bypass capacitors. Ceramic capacitors of .01 to .1uF
(with short leads) should be less than .15 inches from pins 1 and 9.
Larger tantalum capacitors should be placed within one inch of these
pins. V¢ connections to pins 10 and 12 can be made directly from pins
9 and 1, but better supply rejection and settling time are obtained if
they are separately bypassed as in Figures 1 and 2. To prevent signal
distortion caused by reflections from impedance mismatches, use ter-
minated microstrip or coaxial cable when the signal must traverse more
than a few inches.

Since the pc board forms such an important part of the circuit, much
time can be saved if prototype boards of any high frequency sections
are built and tested early in the design phase. Evaluation boards
designed for either inverting or non-inverting gains are available from
Comlinear at minimal cost.

Thermal Considerations

At high ambient temperatures or large internal power dissipations, heat
sinking is required to maintain acceptable junction temperatures. Use
the thermal model on the previous page to determine junction temper-
atures. Many styles of heat sinks are available for TO-8 packages; the
Thermalloy 2240 and 2268 are good examples. Some heat sinks are the

radial fin type which cover the pc board and may interfere with external
components. An excellent solution to this problem is to use surface
mounted resistors and capacitors. They have a very low profile and
actually improve high frequency performance. For use of these heat
sinks with conventional components, a.1" high spacer can be inserted
under the TO-8 package to allow sufficient clearance.

Distortion and Amplification Fidelity

The graphs of intercept point versus frequency on the preceding page
make it easy to predict the distortion at any frequency, given the
output voltage of the CLC220. First, convert the output voltage (Vo) to
Vams = (Vpp/' 2\/5 ) and then to P = (10log10(20Vrms?)) to get output
power in dBm. At the frequency of interest, its 2nd harmonic will
be S; = (I—P)dB below the level of P. Its third harmonic will be
S3 = 2(I3—P)dB below P, as will the two-tone third order intermodula-
tion products. These approximations are useful for P<—1dB compres-
sion levels.

Approximate noise figure can be determined for the CL.C220 using the
Equivalent Input Noise graph on the preceding page. The following
equation can be used to determine noise figure (F) in dB.

in2 Re2
a2+ A2
4KTRsAf

F=10log | 1+

where v, is the rms noise voltage and in is the rms noise current
at the inverting node. Beyond the breakpoint of the curves (i.e., where
they are flat), broadband noise figure equals spot noise figure, so Af
should equal one (1) and v, and in should be read directly off the graph.
Below the breakpoint, the noise must be integrated and Af set to the
appropriate bandwidth.

For linear operation of the CLC220 at large output voltage swings (DC
component not included) and at high frequencies, observe the (AC
output voltage) X (frequency) product specification of 600V « MH;,
Exceeding this rating will cause the signal to be greatly distorted as the
amplifier bias control circuit reduces the current available for slewing
to prevent damage. At frequencies and voltages within this range the
excess slew rate and bandwidth available will ensure the highest
possible degree of amplified signal fidelity.

Operation with Reduced Bias Current

Placing a resistor between pins 1 and 2 will cause the CLC220 bias
current to be reduced. A vaiue of 20K wili cause oniy a siight reduction,
3K will almost halve the current, while less than 1K will reduce bias to
about 5mA and the amplifier will be off. In this condition, the input signal
will be greatly attenuated. In the reduced bias, on condition, bandwidth
will be roughly proportional to the reduction in bias current. A mechan-
ical or semiconductor switch can be used to turn the amplifier off. Any
connection which would cause current to flow out of pin 2 will result
in increased bias current and may lead to device destruction from
overheating and excessive current.

Application Notes and Assistance

Application notes that address topics such as data conversion, fiber
optics, and general high frequency circuit design are available from
Comlinear or your Comlinear sales engineer.

Comlinear maintains a staff of highly qualified applications engineers
to provide technical and design assistance.
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Comlinear
L] Corporation

Fast Settling, Wideband
Operational Amplifiers

12cI10

APPLICATIONS:

® very high speed D to A, A to D conversion
high speed fiber optics systems

baseband and video communications
radar and IF processors

very fast risetime pulse amplifiers

DESCRIPTION:

The CLC221 is a wideband operational amplifier designed for the most
demanding high-speed applications. State of the art specifications such
as the 6500V/us slew rate and 15ns settling time (to 0.1%) make the
CLC221 an excellent choice when system speed is a key concern. In
addition to the dynamic parameters, the CLC221 has excellent DC
performance; the input offset voltage, for example, is typically only 0.5mV
and is guaranteed to be less than 1.0mV at+25°C. The input offset
voltage drift is typically only 0.5uV/°C. With this combination of AC
and DC parameters, designers are now free of the speed versus accuracy
trade-offs common to most high-speed op amps.

The wide bandwidth, DC coupling, and fast settling lend themselves well
to high-speed D to A and “flash” A to D applications. Flat gain and phase
response and corresponding low distortion make the CLC221 ideal for
many digital system applications, such as in the demodulator where the
need for both DC coupling and high-frequency amplification creates
requirements that are difficult to meet. Engineers desiring to increase the
DC performance or large-signal bandwidth of systems using the original
CLC220 may replace it with a CLC221 — in most cases with no design
changes (they are pin compatible, however the CLC221 does not have
a bias control pin).

The dynamic specifications of the CLC221 are due to Comlinear's
proprietary op amp topology, a unique design which provides dynamic
performance far beyond that of conventional designs. Unlike conventional
designs which show vast performance variations over different gains, the
CLC221 provides consistent, predictable performance across its entire
gain range (see the table below) and since the amplifier is inherently
stable, no external compensation is required. The result is shorter
design time and the ability to accommodate design changes (in gain, for
example) without redesign of compensation circuits or loss of
performance.

The CLC221 is constructed using thin-film resistor/bipolar transistor
technology. The CLC221Al is specified over a temperature range of
—25°C to +85°C, while the CLC221A8C is specified over a range of
-55°C to +125°C and is fully compliant with MIL-STD-883, Level B.
Both devices are packaged in 12-pin metal TO-8 cans. The DESC
SMD number is 5962-90836.

Typical Performance

gain setting [ A
parameter +4 [+20[+50] —4 |~20]—50| units B oo
—3dB bandwidth 250 {170 (110 200 {160 | 110 | MHz I
rise time (2V) 16(21(25(16|21| 25| ns (1016850) SOL A | osen-o
slew rate 65| 65| 6565 65| 65| V/Ins 0250 45850
settling time (0.1%) — | 15| 16 15| 15| 16| ns oee-om

FEATURES (typical):

o —3dB bandwidth of 1770MHz

0.5mV input offset voltage, 5uV/°C drift
0.1% settling in 15ns

6500V/us slew rate

2.1ns rise and fall times

BOTTOM VIEW

Internal
Feedback

Case and bias ground Supply Voltage

Non-inverting
input

Inverting
input

g Collector
Supply

Not
Connected

Case and bias ground Supply Voltage

Not Connected
Pin 8 provides access to a 1500 ohm feedback resistor.
Though not electrically connected to the circuit, the case
provides EMI shielding and should be connected to a low
impedance signal return.

Package Dimensions

0.142-0181
(361 -4.60)

0.310-0.340

Comlinear Corporation - 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 - FAX (303) 226-0564

DS221.06
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PARAMETERS CONDITIONS TYP MAX & MIN RATINGS' UNITS | SYmBOL
Ambient Temperature CLC221A8' +25°C —55°C +25°C | +125°C
Ambient Temperature CLC221AI' +25°C —25°C | +25°C | + 85°C
FREQUENCY DOMAIN RESPONSE
*—3dB bandwidth Vour<2Vpp 170 >150 >150 >125 MHz SSBW
gain flatness at Vour<2V,
* peaking 0.1'to <40MHz 0 <05 | <03 | <05 dB GFPL
* peaking >40MHz 0 <1.5 <0.6 <1.0 dB GFPH
* rolloff at75MHz 0 <0.4 <0.6 <0.9 dB GFR
group delay to 75MHz 3.0+03 — — — ns GD
linear phase deviation to 76MHz 1 <25 <2 <3 ° LPD
reverse isolation to 100MHz
non-inverting 60 >50 >50 >50 dB RINI
inverting 45 >35 >35 >35 dB RIIN
TIME DOMAIN RESPONSE
rise and falltime 2Vstep 21 <25 <25 <3.0 ns TRS
5Vstep 2.1 <2.5 <25 <3.0 ns TRL
settling time to .02% 5V step 18 — — — ns TSP
to.1% 5V step 15 <25 <20 <20 ns TS
overshoot 5V step 7 <15 <12 <12 % [oF)
slew rate (overdriven input) 6.5 >5 >5 >5 V/ns SR
overload recovery
<50ns pulse, 200% overdrive 25 — — — ns OR
DISTORTION AND NOISE RESPONSE
*2nd harmonic distortion 2V, 20MHz —58 <-50 <-50 <-50 dBc HD2
*3rd harmonic distortion Vzp, 20MHz -62 <-50 <-50 | <-50 dBc HD3
equivalent noise input
noise floor >100kHz -156 <-150] <-150| <-150 || dBm(1Hz)| SNF
integrated noise 1kHz to 200MHz 50 <100 <100 <100 v INV
noise floor >5MHz -156 <—150| <-150| <-150 || dBm(1Hz)| SNF
integrated noise 5MHz to 200MHz 50 <100 <100 <100 v INV
STATIC DC PERFORMANCE
*input offset voitage 0.5 <22 <1 <25 mv VIO
average temperature coefficient 5 <15 <15 <15 uv/ePC DVIO
*input bias current non-inverting 5 <36 <20 <20 pA IBN
average temperature coefficient 50 <125 <125 <125 nA/rC DIBN
*input bias current inverting 5 <26 <10 <30 HA 1BI
average temperature coefficient 50 <200 <200 <200 nA/°C DIBI
*power supply rejection ratio 55 >45 >45 >45 dB PSRR
common mode rejection ratio 46 >40 >40 >40 dB CMRR
*supply current no load 30 <36 <34 <36 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 250 >100 >100 >100 kQ RIN
capacitance 2.4 <3 <3 <3 pF CIN
outputimpedance atDC — <0.1 <0.1 <0.1 Q RO
at75MHz 1,35 — — — Q,nH Z0o
output voltage range noload — >+10 >+10 >+10 \% VO
internal feedback resistor absolute tolerance <0.4 —_ —_ —_ % RFA

S e
Common Mode and Output Voltage Limits zﬂ?&){ Zg:i%? (Vec) isgm A

20 thermal resistance (0ca) see thermal model
junction temperature +175°C

Al: —25°C to +85°C
A8: —55°C to +125°C
storage temperature —65°C to +150°C

lead temperature (soldering 10s) +300°C

*note 1: Parameters preceded by an * are the final electrical test parameters and are 100%
tested. A8 units are tested at -55°C, +25°C, +125°C. Al units are tested only at +25°C although
performance at ~25°C and +85°C is guaranteed as indicated above.

note 2: This rating protects against damage to the input stage caused by saturation of either
the input or output stages. Under transient conditions not exceeding 1us (duty cycle not
exceeding 10%), maximum input voltage may be as large as twice the maximum. V., should
never exceed V (V. is the voltage at the non-inverting input, pin 6).

note 3: This rating protects against exceeding transistor collector-emitter breakdown ratings.
Recommended V. is + 15V.

operating temperature

| Vom | max
| Vout | max

Comlinear reserves the right to change specifications without notice.
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Broadband Gain (Inv, Non-Inv)

Relative Gain 1dB/div,
Phase 45 degrees/div
Relative Gain 1dB/div,
Phase 45 degrees/div

10dB/division

0 20MHz/div 200MHz 0 100MHz/div . 1GHz

Large Signal Gain and Phase Gain vs. Frequency for Various R.s

o o
o ©

Relative Bandwidth
o o

Relative Gain 1dB/div,
Phase 45 degrees/div
Relative Gain 1dB/div

I
o

16 0 20MHz/div  200MHz
cc
nal Pulse Response (Inv, Non-inv) 20’S.eming Time

~ 0.4 FEAE EERY da
0 15MHz/div 150MHz 4 6 8 10 12 14

Intercept Point (+dBm)
Intercept Point (+ dBm)

0 20 40 60 80 100 107 102 10® 104 105 108 107
Frequency (MHz) Frequency (Hz)

47 Tease
8ca=65°C/W in still air without a heatsink

200°C/W 200°C/W 3reciw 35°C/W in still air with a Thermalioy 2268

o~ T, - O 30°C/W in 300ft/min air with a Thermalloy 2268
s itpre) inpr) i(cireuit) (Thermalloy 2240 works equally well)
2 2 Ppnp F’npn Feircuit Tammem
23
&5
St Peircuit = lec [(+Vee) — (—Vec)] where lgec = 26mA Icol = Vout/Rioad Or 4mA, whichever is greater.
g 8 at £15V (Include feedback R in Rioad.)
® O Pxxx = [(£Vee) — Vout — (lcot) (Reol + 5)1 (lcol) Rcol is a resistor (3302 recommended) between the
2 g (% duty cycle) xxx collector and +Vec.
2 Z {For positive V, and Ve, this is the power in the npn Ti (pnp) = Ppnp (200 + Bca) + (Pcir + Pnpn) bca + Ta,

output stage.) similar for T (npn).

{For negative Vp and Vc, this is the power in the pnp Tj (ciny = Peir (37 + 8ca) + (Ppnp + Pnpn) 6ca + Ta-

ki output stage.)
102 10° 10 10°  10° 107 10°
Frequency (Hz) 3-41



in uF
Vo
2000

Ry
A=t

‘9
Ry= 15001} (internal)

Figure 1: suggested non-inverting gain circuit

+15V in wF
Vln
Rl
R!?
—15v Ry= 15000 (internal)
39 .1 01
]V' l l’ For Z,, =500, select Rg/|R,=500

Figure 2: suggested inverting gain circuit

Test fixture layout artwork is available upon request.

CLC221 Operation

The CLC221 is based on Comlinear’s proprietary op amp topology, a
unique design that uses current feedback instead of the usual voltage
feedback. This design provides dynamic performance far beyond that
previously available, yet it is used basically the same as the familiar
voltage-feedback op amp (see the gain equations above). A complete
discussion of current feedback is given in application note AN300-1.

Controlling Bandwidth and Passband Response

In most applications, use of the internal 15000} feedback resistor will
provide optimum dynamic performance; nonetheless, some designs
may require an external feedback resistor of some value other than
1500Q. The table below shows how bandwidth depends on the value
of Ry. Values of feedback resistance greater than 15000} will decrease
the bandwidth of the amplifier; values of Ry less than 15000 will
increase the bandwidth (At most gain settings, however, low values of
Ry may cause instability unless a small amount of compensation
capacitance (typically <0.5pF) is connected in parallel with Ry. At! Al
<20, Ry must be greater than 1k().

Bandwidth versus Ry

Ry (external) —3dB Bandwidth (A, = 20)

1.5kQ 150MHz
2kQ 100MHz
3kQ 60MHz
5kQ 30MHz

At large closed-loop gains (| Ayl =50) the bandwidth may be increased

by using a low value of R; as the table below indicates. External

compensation is not required under these high-gain conditions.
Increasing Bandwidth at High Gains

1A R¢ —3dB Bandwidth

50 5000 130MHz

Layout Considerations

To assure optimum performance the user should follow good layout
practices which minimize the unwanted coupling of signals between
nodes. During initial breadboarding of the circuit, use direct point to
point wiring, keeping the lead lengths to less than .25". The use of
solid, unbroken ground plane is helpful. Avoid wire-wrap type pc
boards and methods. Sockets with small, short pin receptacles may be
used with minimal performance degradation although their use is not
recommended.

During pc board layout, keep all traces short and direct. The resistive
body of Rg should be as close as possible to pin 5 to minimize
capacitance at that point. For the same reason, remove ground plane
from the vicinity of pins 5 and 6. In other areas, use as much ground
plane as possible on one side of the board. It is especially important
to provide a ground return path for current from the load resistor to the
power supply bypass capacitors. Ceramic capacitors of .01 to .1uF
(with short leads) should be less than .15 inches from pins 1 and 9.
Larger tantalum capacitors should be placed within one inch of these
pins. Vec connections to pins 10 and 12 can be made directly from pins
9 and 1, but better supply rejection and settling time are obtained if
they are separately bypassed as in Figures 1 and 2. To prevent signal
distortion caused by reflections from impedance mismatches, use ter-
minated microstrip or coaxial cable when the signal must traverse more
than a few inches.

Since the pc board forms such an important part of the circuit, much
time can be saved if prototype boards of any high frequency sections
are built and tested early in the design phase. Evaluation boards
designed for either inverting or non-inverting gains are available from
Comlinear.

Thermal Considerations

At high ambient temperatures or large internal power dissipations, heat
sinking is required to maintain acceptable junction temperatures. Use
the thermal model on the previous page to determine junction temper-
atures. Many styles of heat sinks are available for TO-8 packages; the
Thermalloy 2240 and 2268 are good examples. Some heat sinks are the
radial fin type which cover the pc board and may interfere with external
components. An excellent solution to this problem is to use surface
mounted resistors and capacitors. They have a very low profile and
actually improve high frequency performance. For use of these heat
sinks with conventional components, a.1" high spacer can be inserted
under the TO-8 package to allow sufficient clearance.

Distortion, Noise, and Amplification Fidelity

The graphs of intercept point versus frequency on the preceding page
make it easy to predict the distortion at any frequency, given the
output voltage of the CLC221. First, convert the output voltage (Vo) to
Vems = (Vp,,/2\/—2_) and then to P = (10log10(20VRrms?)) to get output
power in dBm. At the frequency of interest, its 2nd harmonic will
be S; = (I,—P)dB below the level of P. Its third harmonic will be
S3=2(la—P)dB below P, as will the two-tone third order intermodula-
tion products. These approximations are useful for P<<—1dB compres-
sion levels.

Approximate noise figure can be determined for the CLC221 using the
Equivalent Input Noise graph on the preceding page. The following
equation can be used to determine noise figure (F) in dB.
in2 RE2
A2
4KTRsAf

vn?2 +
F=10log | 1 +

where v, is the rms noise voltage and i, is the rms noise current at the
inverting node. Beyond the breakpoint of the curves (i.e., where they
are flat), broadband noise figure equals spot noise figure, so Af should
equal one (1) and v, and in should be read directly off the graph. Below
the breakpoint, the noise must be integrated and Af setto the appropriate
bandwidth.

For linear operation of the CLC221 at large output voltage swings (DC
component not included) and at high frequencies, limit the (AC output
voltage) X (frequency) product to 1600V-MHz. Exceeding this rating
will cause the signal to be greatly distorted as the amplifier bias control
circuit reduces the current available for slewing to prevent damage. At
frequencies and voltages within this range the excess slew rate and
bandwidth available will ensure the highest possible degree of amplified
signal fidelity.

Application Notes and Assistance

Application notes that address topics such as data conversion, fiber
optics, and general high frequency circuit design are available from
Comlinear or your Comlinear sales engineer.

Comlinear maintains a staff of highly qualified applications engineers
to provide technical and design assistance.

3-42



Comlinear
Corporation

APPLICATIONS:

e driving flash A/D converters
® precision line driving
(a gain of 2 cancels matched-line losses)
e DAC current-to-voltage conversion
e low-power, high-speed applications (50mW @ + 5V)

DESCRIPTION:

The CLC231 Buff-Amp™ is a wideband operational amplifier de-
signed specifically for high-speed, low-gain applications. The
CLC231 is based on Comlinear’s proprietary op amp topology—a
unigue design that both eliminates the gain-bandwidth tradeoff and
permits unprecedented high-speed performance. (See table below.)

The CLC231 Buff-Amp™ is the ideal design alternative to low-
precision open-loop buffers and oscillation-prone conventional
op amps. The CLC231 offers precise gains from =1.000 to +5.000
and linearity that is a true .1%—even for demanding 50 ohm loads.
Open-loop buffers, on the other hand, offer a nominal gain of
95 + .03 and a linearity of only 3% for typical loads. A buffer’s
settling time may look impressive but it is usually specified at
unrealistically large load resistances or when the effects of thermal
tail are not included; the CLC231 Buff-Amp™ settles to .05% in
15ns—while driving a 100 ohm load.

Offsets and drifts, usually a low priority in conventional high-speed
op amp designs, were not ignored in the CLC231; the input offset
voltage is typically 1mV and input offset voltage drift is only 10.V/
°C. The CLC231 is stable and oscillation-free across the entire gain
range and since it's internally compensated, the user is saved the
trouble of designing external compensation networks and having
to “tweak” them in production. The absence of a gain-bandwidth
tradeoff in the CLC231 allows performance to be predicted easily;
the table below shows how the bandwidth is affected very little by
changing the gain setting.

The CLC231 is constructed using thin-film resistor/bipolar
transistor technology and is available in three versions. The
CLC231Al is specified over a temperature range of —25°C to
+85°C. The CLC231AK, which features burn-in and tested
hermeticity, is specified and tested over a temperature range of
-55°C to +125°C. The CLC231A8C is specified and tested over
a temperature range of -55°C to +125°C and is fully compliant
with MIL-STD-883, Level B. All three versions are packaged in
metal 12-pin TO-8 cans. The DESC SMD number is 5962-
89594.

Typical Performance

gain setting
parameter 1 2 5 ||—1|{—2|—5]| units
—3dB bandwidth 180165 {130 |(165 | 150 |115| MHz
rise time (2V) 18120 ]25(20(|22|29 ns
slew rate 25 3 3§ 3| 3| 3! V/ns
settling time (to .1%) 1212 | 12 12| 12| 15 ns

Fast Settling, Wideband
Buff-Amp™ (Ay = =1 to £5)

FEATURES:

® 165MHz closed-loop —3dB bandwidth
® 15ns settling to .05%

e 1mV input offset voltage, 10uV/°C drift
e 100mA output current

e excellent AC and DC linearity

BOTTOM VIEW

lec Adjust

%A'

Case Ground

Supply Voltage

Non-inverting
Input

Collector
“Vec\ Supply

Inverting
Input

Not
Connected

Collector
Supply

GND Adjust +Vog

Case Ground Supply Voltage

lec Adjust

Pins 2 and 8 are used to adjust the supply current or to adjust
the offset voltage (see text). These pins are normally left
unconnected.

Package Dimensions

0.595 - 0.605
(15111537
0.543 -0.585

0.142-0.181 (13.79 - 14.10
(3.61 -4.60) ‘ JI—J{

0.016-0.019

0310-0.340
(7.87 ~8.64)
™ (041 -0.48)

0.200 BSC.
(6.0885C) | 0,100 BSC
- @se8s0)
o O %o
0400BSC | [ 05w

(0.66 -0.91)

—loots-o0m
—r (041 -0.76)

€200

Comiinear Corporation < 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 < FAX (303) 226-0564
DS231.06 January 1993
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PARAMETERS CONDITIONS TYP MAX & MIN RATINGS UNITS |SYMBOL
Ambient Temperature CLC231A8/AK +95°C [ —55°C | +25°C | +125°C
Ambient Temperature CLC231AI +25°C || —25°C | +25°C | +85°C
FREQUENCY DOMAIN PERFORMANCE
* —3dB bandwidth note 2 Vout<2Vpp 165 >145 >145 >120 MHz SSBW
Vou=10Vp, 95 >80 >80 >60 MHz FPBW
gain flatness note 2 Vou=2Vpp
* peaking 0.1 to 50MHz 0.1 <0.6 <03 <06 dB GFPL
* peaking >50MHz 0.1 <15 <0.3 <0.8 dB GFPH
* rolloff at 100MHz 04 <06 <06 <1.0 dB GFR
group delay to 100MHz 35105 — — — ns GD
linear phase deviation to 100MHz 0.5 <2 <2 <2 ° LPD
reverse isolation to 100MHz
non-inverting 53 >43 >43 >43 dB RINI
inverting 36 >26 >26 >26 dB RIIN
TIME DOMAIN PERFORMANCE
rise and fall time 2V step 2 <24 <23 <27 ns TRS
10V step 5.0 <70 <6.5 <6.5 ns TRL
settling time to .05% 5V step 15 — — — ns TS
to .1% 2.5V step 12 <22 <17 <22 ns TSP
overshoot 5V step 5 <15 <10 <15 % [oF]
slew rate (overdriven input) 3 >25 >25 >1.8 V/ns SR
overload recovery <1% error
< 50ns pulse, 200% overdrive 120 - — — ns OR
DISTORTION AND NOISE PERFORMANCE
*2nd harmonic distortion 0dBm, 20MHz —55 <—47 <—47 <—47 | dBc HD2
*3rd harmonic distortion 0dBm, 20MHz —59 <—47 <—47 <—47 dBc HD3
equivalent input noise
noise floor >5MHz —153 <—150| <—150| <—150| dBm(1Hz) | SNF
integrated noise 5MHz to 200MHz 70 <100 <100 <100 pVrms INV
STATIC, DC PERFORMANCE
* input offset voltage 1 <40 <20 <45 mv VIO
temperature coefficient ) 10 <25 <25 <25 uVv/°C DVIO
*input bias current non-inverting 5 <29 <21 <31 pA IBN
temperature coefficient 50 <125 <125 <125 nA/°C DIBN
*input bias current inverting 10 <31 <15 <35 pA 1Bl
temperature coefficient 125 <200 <200 <200 nA/°C DiBI
* power supply rejection ratio 50 >45 >45 >45 dB PSRR
common mode rejection ratio 46 >40 >40 >40 dB CMRR
* supply current no load 18 <22 <22 <22 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 400 >100 >200 >400 kQ RIN
capacitance 1.3 <25 <25 <25 pF CIN
output impedance at 100MHz 537 — — — Q,nH Z0
output voltage range no load +12 >+11 >+11 >+11 0V VO

supply voltage Vec +20V
output current +100mA
Input and Common Mode Voltage Limits thermal resistance (fca) see thermal model
junction temperature +175°C
20 operating temperature Al: —25°C to +85°C
| Vout | max A8/AK: —55°C to +125°C

| Vom | max ] storage temperature —65°C to +150°C
|  lead temperature (soldering 10s) + 300°C

| Vout| max ] +note 1: Parameters preceded by an * are the final electrical test parameters and are 100% tested. A8
10 |  and AK units are tested at —55°C, +25°C, and +125°C. Al units are tested only at +25°C although

As r note 4 1 performance at —25°C and +85°C is guaranteed to be better than or equal to the performance of A8

Indicated | ] units over their temperature range.

Volts

-
o
——

note 2: The outputamplitude used in testing is 0.63V .. Performance is guaranteed for conditions listed.

| Vem | max note 3: In the non-inverting configuration, care should be taken when choosing R;, the input impedance
setting resistor; bias currents of typically 5uA but as high as 24uA can create an input signal large

AN enough to cause overload. It is therefore recommended that Ri<(V/A,)/24pA.

0 5 10 15 20 note 4: These ratings protect against damage to the input stage caused by saturation of either the input
| £ Vee ! Volts or output stages at lower supply voltages, and against exceeding transistor collector-emitter breakdown
ratings at high supply voltages. V,(max) is calcuiated by assuming no output saturation. Saturation is
allowed to occur up to this calculated level of V. V¢, is defined as the voltage at the non-inverting
input, pin 6.

ey

Comlinear reserves the right to change specifications without notice.
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Thermal Model

0[c=100°C/W  $8c=100°C/W
~—Tie “—Tin
Volp Vo Vo

Paircuit = lce [(+Vee) — (—Vec)] where lgc = 16mA
at +15V

Pxxx = [(£Vee) = Vout — (lcot) (Reol + 4] (lcol) (%
duty cycle)

(For positive Vo and V¢, this is the power in the npn

output stage.)

(For negative Vo and Vg, this is the power in the pnp

output stage.)

3-45

27 Tease
8j=48° C/W  $604=65°C/W
(in still air without
~—Tjother a heatsink)
2Vecleo Ta

lcol = Vout/Rioad Or 4mA, whichever is greater.
(Include feedback R in Rjpad.)
Recol is a resistor (33Q) recommended) between the
xxx collector and +Vcc.
T (pnp) = Ppnp (100 + bca) + (Peir + Pnpn) fca + Ta,
similar for Tj (npn)-
Tj (cin) = Peir (48 + 6ca) + (Ppnp + Pnpn) fca + Ta.

1GHz
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Figure 1: suggested non-inverting gain circuit

CLC231 Operation

The CLC231 Buff-Amp™ is based on Comlinear’s proprietary
op amp topology, a design that uses current feedback instead
of the usual voltage feedback. A complete discussion of current
feedback is given in application note AN300-1.

The use of the CLC231 is basically the same as that of the
conventional op amp (see the gain equations above). Since the
device is designed specifically for low gain applications, the
best performance is obtained when the circuit is used at gains
between *+1 and 5. Additionally, performance is optimum
when a 2500 feedback resistor is used.

+ [/

Layout Considerations

To assure optimum performance the user should follow good
layout practices which minimize the unwanted coupling of
signals between nodes. During initial breadboarding of the
circuit, use direct point to point wiring, keeping the lead lengths
to less than .25". The use of solid, unbroken ground plane is
helpful. Avoid wire-wrap type pc boards and methods. Sockets
with small, short pin receptacles may be used with minimal
performance degradation although their use is not
recommended.

During pc board layout, keep all traces short and direct. The
resistive body of R4 should be as close as possible to pin 5 to
minimize capacitance at that point. For the same reason, remove
ground plane from the vicinity of pins 5 and 6. In other areas, use
as much ground plane as possible on one side of the board. It
is especially important to provide a ground return path for
current from the load resistor to the power supply bypass
capacitors. Ceramic capacitors of .01 to .1uF (with short leads)
should be less than .15 inches from pins 1 and 9. Larger tantalum
capacitors should be placed within one inch of these pins. Vec
connections to pins 10 and 12 can be made directly from pins
9 and 1, but better supply rejection and settling time are
obtained if they are separately bypassed as in figures 1 and 2.
To prevent signal distortion caused by reflections from imped-
ance mismatches, use terminated microstrip or coaxial cable
when the signal must traverse more than a few inches.

Since the pc board forms such an important part of the circuit,
much time can be saved if prototype boards of any high
frequency sections are built and tested early in the design
phase. Evaluation boards designed for either inverting or non-
inverting gains are available from Comlinear at minimal cost.

Thermal Considerations

At high ambient temperatures or large internal power dissipa-
tions, heat sinking is required to maintain acceptable junction
temperatures. Use the thermal model on the previous page to
determine junction temperatures. Many styles of heat sinks are
available for TO-8 packages; the Thermalloy 2240 and 2268 are
good examples. Some heat sinks are the radial fin type which
cover the pc board and may interfere with external components.
An excellent solution to this problem is to use surface mounted
resistors and capacitors. They have a very low profile and
actually improve high frequency performance. For use of these

Test fixture schematics are available upon request.

330
<0l

P

Capacitance in pF

2
Lc23l > Vout
10 RI.
3,7 2500 1000 . (R,)
v = R‘
330 Ry =2500
For Zin=50Q, select
ol j;.m Rg I1R;=500

Figure 2: suggested inverting gain circuit

heat sinks with conventional components, a.1" high spacer can
be inserted under the TO-8 package to allow sufficient clearance.

Low V.. Operation: Supply Current Adjustment

The CLC231 is designed to operate on supplies as low as +5V.
In order to improve full bandwidth at reduced supply voltages,
the supply current (l.c) must be increased. The plot of Bandwidth
vs V. shows the effect of shorting pins 1 and 2 and pins 8 and 9;
this will increase both bandwidth and supply current. Care
should be taken to not exceed the maximum junction temper-
atures; for this reason this technique should not be used with
supplies exceeding +10V. For intermediate values of V., external
resistors between pins 1 and 2 and pins 8 and 9 can be used.

Offset Voltage Adjustment

If trimming of the input offset voltage (Vos = Vai —Vin) is desired,
a resistor value of 10kQ) to 1MQ placed between pins 8 and 9
will cause Vos to become more negative by 8mV to 0.2mV
respectively. Similarly, a resistor placed between pins 1 and 2
will cause Vos to become more positive.

Distortion and Noise

The graphs of intercept point, I, and s, versus frequency on the
preceding page make it easy to predict the distortion at any
frequency given the output voltage of the CLC231. First, convert
the output voltage (Vo) to Vaus = (Vep/2y/2) and then to
P =[(10l0g+10(20Vrus?)] to get the power output in dBm. At the
frequency of interest, its 2nd harmonic will be S, = (I.—P)dB
below the level of P. Its third harmonic will be Sz = 2(Is—P)dB
below P, as will the two-tone third order intermodulation products.
These approximations are useful for P<—1dB compression
levels.

Approximate noise figure can be determined for the CLC231
using the equivalent input noise graph on the preceding page.
The following equation can be used to determine noise figure (F)
in dB.

i"2 Re2
2 2
F=10log | 1+ Wt A2
4KTRs Af

Where v, is the rms noise voltage and i, is the rms noise
current. Beyond the breakpoint of the curves (i.e., where they
are flat), broadband noise figure equals spot noise figure, so
Af should equal one (1) and v, and i, should be read directly
off the graph. Below the breakpoint, the noise must be inte-
grated and Af set to the appropriate bandwidth.

Application Notes and Assistance

Application notes thataddress topics such as data conversion,
fiber optics, and general high frequency circuit design are
available from Comlinear or your Comlinear sales engineer.

Comlinear maintains a staff of highly qualified applications
engineers to provide technical and design assistance.
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d-] Corporation

APPLICATIONS:

flash A/D drivers

DAC current-to-voltage conversion
wide dynamic range IF amps
VCO drivers

DDS postamps
radar/communication receivers
precision line drivers

DESCRIPTION:

The CLC232 is a wideband low distortion operational amplifier
designed specifically for high speed, low gain applications
requiring wide dynamic range. Utilizing Comlinear’s patented
current feedback architecture, the CLC232 offers high speed
performance while maintaining DC precision.

The CLC232 offers precise gains from =1 to =5 with a true
0.1% linearity and provides stable, oscillation-free operation
across the entire gain range without external compensation.
The CLC232, a pin compatible enhanced version of the
CLC231, reduces 2nd and 3rd harmonic distortion to an
extremely low —69dBc at 20MHz (2V,,, R =100Q). Additional
features provided by the CLC232 include a small signal
bandwidth of 270MHz, a large signal bandwidth of 95MHz and
a 3000V/us slew rate. The input offset voitage is typically imV
with an input offset drift of 10uV/°C.

The CLC232 combines these high performance features with
its 0.05% settling time of 15ns and its 100mA drive capability
to provide high speed, high resolution A/D and D/A converter
systems with an attractive solution for driving and buffering.
Wide dynamic range systems such as radar and communication
receivers requiring low harmonic distortion and low noise will
find the CLC232 to be an excellent choice. As a linedriver, the
CLC232 set at a gain of 2 cancels matched line losses.

The CLC232 is constructed using thin-film resistor/bipolar
transistor technology and is available in three versions. The
CLC232Al is specified over a temperature range of —25°C to
+85°C. The CLC232AK, which features burn-in and tested
hermeticity, is specified and tested over a temperature range of
-55°C to +125°C. The CLC232A8C is specified and tested over
a temperature range of —55°C to +125°C and is fully compliant
with MIL-STD-883 for high-reliability applications. All three
versions are packaged in metal 12-pin TO-8 packages. The
DESC SMD number is 5962-91665.

Typical Performance

Low Distortion
Wideband Op Amp

FEATURES (typical):

—69dBc 2nd and 3rd harmonics at 20MHz
—3dB bandwidth of 270MHz

0.05% settling in 15ns

3000V/us slew rate

1mV input offset voltage, 10uV/°C drift
+10V, 100mA max output

sy
BOTTOM VIEW
lec Adjust
Case Ground v, Supply Voltage

GND Adjust

Non-inverting Collector

Input cc\ Supply

Inverting Vouf Output

Input
Not 9 Collector

Connected

GND Adjust +Vec

Case Ground Supply Voltage

lec Adjust

Pins 2 and 8 are used to adjust the supply current or to adjust
the offset voltage (see text). These pins are normally left
unconnected.

gain setting
parameter 1 2 5 [—1|—2|—5| units
—3dB bandwidth 430|270|135(220{175|110 | MHz
rise time (2V) 1820|2520 |22 |29 ns
slew rate 25 3( 3| 3 38| 3| V/ns
settling time (to .1%) 12112 | 12| 12| 12| 15 ns

Package Dimensions

0.595 - 0.605
15.11 - 15.37)

054370555
0.142-0.181 (13.79 -~ 14.10),
(361 -4.60) I i .
—[_-—l 4 0.016 -0.030
0310-0340 T ©41-076)
(7.87 -8.64) L
_.[ }___ums -0019
(0.41~0.48)
0.200BSC_
(508 ssc)“i

0100 BSC
(254 BSC)

os
z o o
(016850)| \cx =0 P | ooes-o03s
3 (066 -091)
}\( 45" BSC
0026 -0.036
(0.66-0.91)

¢e€eo10
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PARAMETERS CONDITIONS TYP MAX & MIN RATINGS' UNITS | SYMBOL
Ambient Temperature CLC232 A8/AK +25°C -55°C +25°C | +125°C
Ambient Temperature CLC232Al +25°C -25°C +25°C | + 85°C
FREQUENCY DOMAIN RESPONSE, note 2
*—3dB bandwidth Vour=0.63V,, 270 >200 >200 >200 MHz SSBW1
Vou=2Vy, 165 >145 >145 >120 MHz SSBW2
Vou=10V,, 95 >80 >80 | >60 MHz LSBW
gainflatness Vout=0.63V,,
* peaking 0.1to 50MHz 0.1 <0.6 <0.3 <0.6 dB GFPL
*  peaking >50MHz 0.1 <15 <0.3 <0.8 dB GFPH
*  rolloff at 100MHz 0.4 <0.6 <0.6 <1.0 dB GFR
group delay to 100MHz 3.5%.5 — — — ns GD
linear phase deviation to 100MHz 0.5 <2.0 <2.0 <2.0 ° LPD
reverse isolation to 100MHz
non-inverting 53 >43 >43 >43 dB RINI
inverting 36 >26 >26 >26 dB RIIN
TIME DOMAIN RESPONSE
rise and falltime 2V step 2.0 <24 <23 <27 ns TRS
10V step 5.0 <7.0 <6.5 <6.5 ns TRL
settling time to 0.05% 5V step 15 — — — ns TS
100.1% 2.5V step 12 <22 <17 <22 ns TSP
overshoot 5V step 5 <15 <10 <15 % [oF)
slewrate 3000 >2500 >2500 | >1800 Vius SR
overload recovery <1% error
<50ns pulse, 200% overdrive 120 — — — ns OR
DISTORTION AND NOISE RESPONSE, note 3
*2nd harmonic distortion 2Vpp, 20MHz -69 <—-64 <—64 <—-56 dBc HD2
*3rd harmonic distortion 2V, 20MHz —69 <-64 | <-64 | <-64 dBc HD3
equivalent noise input o
voltage >100kHz 28 <3.2 <3.2 <3.5 nvV/VHz | VN
inverting current >100kHz 20 <23 <23 <25 pA/VHz | ICN
non-inverting current >100kHz 23 <26 <26 <29 pA/VHz | NCN
noise floor >100kHz —155 <—-154| <-154| <-153 || dBmyy, SNF
integrated noise 1kHz to 200MHz 57 <64 <64 <72 Y INV
integrated noise 5MHz to 200MHz 57 <64 <64 <72 nv INV
STATIC DC PERFORMANCE
*input offset voltage 1 <4.0 <2.0 <45 mV VIO
temperature coefficient 10 <25 <25 <25 uv/°C DVIO
*inputbias current non-inverting 5 <29 <21 <31 nA IBN
temperature coefficient 50 <125 <125 <125 nA/°C DIBN
*input bias current inverting 10 <31 <15 <35 nA 1Bl
temperature coefficient 125 <200 <200 <200 nArC DIBI
*power supply rejection ratio 50 >45 >45 >45 dB PSRR
common mode rejection ratio 46 >40 >40 >40 dB CMRR
*supply current noload 25 <27 <27 <29 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 400 >100 >200 >400 kQ RIN
non-inverting input capacitance 1.3 <25 <25 <25 pF CIN
outputimpedance at 100MHz 5,37 —_ —_ —_ Q,nH Z0
output voltage range noload +12 >+11 >+11 >+11 \" VO

Ze st

Vee =20V
lout +100mA
Vewms Vout [Veo[>15V =(30-|Vgcl)V

[Veel=15V *VeelV
differential input voltage =3V
junction temperature +175°C
operating temperature range Al: -25°C to +85°C

AB/AK:
Storage Temperature Range
Lead Temperature (soldering 10s)

-55°C to +125°C
-65°C to + 150°C
+300°C

Voo ' ' T £5Vio £15V
lout +75ma
Vewm % (|Vec|-5)V
gain range +1to =5
Notes:

Note 1: Parameters preceded by an * are 100% tested. A8 and
AK units are tested at —55°C, +25°C and +125°C. Al units are tested
at +25°C, though performance at —25°C and +85°C is guaranteed as
shown above.

Note 2: The output amplitude used in testing is 0.63V,,.Performance
is guaranteed as listed above.

Note 3: in Al units, the noise and distortion specifications are guaranteed
(but not tested) as shown above.

Comlinear reserves the right to change specifications without notice. 3-48
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Figure 1: suggested non-inverting gain circuit
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Figure 2: suggested inverting gain circuit

Test fixture schematics are available upon request.

CLC232 Operation

The CLC232 is based on Comlinear’s proprietary op amp
topology, a design that uses current feedback instead of the
usual voltage feedback. A complete discussion of current
feedback is given in application note AN300-1.

The use of the CLC232 is basically the same as that of the
conventional op amp (see the gain equations above). Since
the device is designed specifically for low gain applications,
the best performance is obtained when the circuit is used at
gains between *1 and x5. Additionally, performance is
optimum when a 250€) feedback resistor is used.

Layout Considerations

To assure optimum performance the user should follow good
layout practices which minimize the unwanted coupling of
signals between nodes. During initial breadboarding of the
circuit, use direct point to point wiring, keeping the lead lengths
to less than .25”. The use of solid, unbroken ground plane is
helpful. Avoid wire-wrap type pc boards and methods. Sockets
with small, short pin receptacles may be used with minimal
performance degradation although their use is not
recommended.

During pc board layout, keep all traces short and direct. The
resistive body of R, should be as close as possible to pin 5
to minimize capaci?ance at that point. For the same reason,
remove ground plane from the vicinity of pins 5 and 6. In
other areas, use as much ground plane as possible on one
side of the board. Itis especially important to provide a ground
return path for current from the load resistor to the power
supply bypass capacitors. Ceramic capacitors of .01 to .1uF
(with short leads) should be less than .15 inches from pins
1 and 9. Larger tantalum capacitors should be placed within
one inch of these pins. V., connections to pins 10 and 12
can be made directly from pins 9 and 1, but better supply
rejection and settling time are obtained if they are separately
bypassed as in Figures 1 and 2. To prevent signal distortion
caused by reflections from impedance mismatches, use
terminated microstrip or coaxial cable when the signal must
traverse more than a few inches.

Since the pc board forms such an important part of the circuit,
much time can be saved if prototype boards of any high
frequency sections are built and tested early in the design
phase. Evaluation boards designed for either inverting or
non-inverting gains are available from Comlinear at minimal
cost.

Thermal Considerations

At high ambient temperatures or large internal power
dissipations, heat sinking is required to maintain acceptable
junction temperatures. Use the thermal model on the previous
page to determine junction temperatures. Many styles of heat
sinks are available for TO-8 packages; the Thermalloy 2240
and 2268 are good examples. Some heat sinks are the radial
fin type which cover the pc board and may interfere with
external components. An excellent solution to this problem
is to use surface mounted resistors and capacitors. They
have a very low profile and actually improve high frequency

performance. For use of these heat sinks with conventional
components, a .1” high spacer can be inserted under the
TO-8 package to allow sufficient clearance.

Low V.. Operation: Supply Current Adjustment

The CLC232 is designed to operate on supplies as low as
+5V. In order to improve full bandwidth at reduced supply
voltages, the supply current (l..) must be increased. The plot
of Bandwidth vs V., shows the effect of shorting pins 1 and
2 and pins 8 and 9; this will increase both bandwidth and
supply current. Care should be taken to not exceed the
maximum junction temperatures; for this reason this
technique should not be used with supplies exceeding = 10V.
For intermediate values of V., external resistors between
pins 1 and 2 and pins 8 and 9 can be used.

Offset Voltage Adjustment

If trimming of the input offset voltage (Vos = V, — Vi) is
desired, a resistor value of 10kQ to 1M() placed between
pins 8 and 9 will cause V,, to become more negative by 8mV
to 0.2mV respectively. Similarly, a resistor placed between
pins 1 and 2 will cause Vs to become more positive.

Thermal Model

27 Tease
9jc=100°C/W ©¢=100°C/W ejc= 48°C/W Bpq=65°C/W
(in still air without
~—Tip ~“—Tjn ~<+—Tjother a heatsink
vPlD Vo Vn 2Veelce Ta

Peircuit = lecl(+ Vee) — (—Vec)] Where I, = 14mA at £15V
Pxxx‘_'[(#.vcc) = Vout — (Ico_l) (_Rcol+4)] (Ica{) (%duty cycle)
(For positive V, and Vg, this is the power in the npn output
stage.)

(For negative V, and V, this is the power in the pnp output
stage.)

leol=Vou/Rioag OF 12mA, whichever is greater. (Include
feedback R in Ryyaq.)

Rco is @ resistor (33Q) recommended) between the xxx

collector and =V .. )

T; (onp)=Ppnp (100 + 6c5) + (Pgr + Prpp) 8ca + T, similar

r g(npn)'
Tj (cir)=Pcir (4 + ec:a) + (Ppnp + Pnpn) eca + Ta-

Application Notes and Assistance

Application notes that address topics such as data
conversion, fiber optics, and general high frequency circuit
design are available from Comlinear or your Comlinear sales
engineer.

Comlinear maintains a staff of highly qualified applications
engineers to provide technical and design assistance.
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Comlinear
Corporation

APPLICATIONS:

® digital communications

baseband and video communications
instrument input/output amplifiers
fast A to D, D to A conversion
graphic CRT video drive amp

coaxial cable line driver

DESCRIPTION:

The CLC300 operational amplifier is a unique, proprietary
Comlinear design providing a DC-85MHz —3dB bandwidth that
is virtually independent of gain setting. Rise and fall times of
4nsec and drive capability of 22V, and 100mA add to the
CLC300's impressive specifications.

Ease-of-use is a design goal at Comlinear, and the CLC300 is a
success in this area as well. Using the CLC300 is as easy as adding
power supplies and a gain-setting resistor. And unlike conventional
op amp designs in which optimum gain-bandwidth product occurs
ata high gain, minimum settling time ata gain of —1, maximum slew
rate at a gain of +1, et cetera, the CLC300 offers consistent
performance at gain settings from 1 to 40 inverting or non-
inverting. As a result, designing with the CLC300 is greatly simplified.
And since no external compensation is necessary, “tweeks” on the
production line have been eliminated, making the CLC300 an
efficient component for use in production situations.

Flat gain and phase response from DC to 45MHz and superior rise
and fall times make the CLC300 an ideal amplifier for a broad range
of pulse, analog, and digital applications. A 45MHz full power
bandwidth (20V,, into 100Q2) and 3000V/usec slew rate eliminate
the need for power buffers in many applications such as driving
“flash” A to D converters or line-driving. For applications requiring
lower power consumption, the CLC300 can operate on supplies as
low as 5V. Fast overload recovery (20nsec) helps prevent loss of
data in communications applications and flat phase response
reduces distortion, even when data must be sent over extended
lengths of line.

The CLC300A is packaged in a 24-pin ceramic DIP and is
specified over a temperature range of ~25°C to +85°C. The
CLC300B has been discontinued and is no longer in production.

Layout Considerations

To assure optimum performance the user should follow good layout
practices which minimize the unwanted coupling of signals between
nodes. During initial breadboarding of the circuit, use direct point
to point wiring, keeping lead lengths to less than .25". The use of
solid, unbroken ground plane is helpful. Avoid wire-wrap type pc

boards and methods. Sockets with small, short pin receptacles may

be used with minimal performance degradation although their use
is not recommended.

(continued on last page)
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Wideband, High Speed

Operational Amplifiers

FEATURES:

® —3dB bandwidth of 85MHz

® new design topology eliminates
gain-bandwidth trade-off

® 3000V/usec slew rate

® 4ns rise and fall time

® 100mA output current

® |ow distortion, linear phase

&

e

CLC300 Equivalent
Circuit Diagram

Pin 11 provides access
to a 15000 feedback
resistor which can be
connected to the out-
put or left open if an
external feedback re-
sistor is desired. All un-
designated pins are in-
ternally unconnected.

Package Dimensions

1275 - 1310
(32.39-3327)
0.008-0.018
w0704
0.790-0.810
0.785-0.815
(19.94 - 20.70) (2007 720.57)
METAL LID: 0.145 - 0.175
@68-445) — -
CERAMIC LID: 0,160 -0.190
(4.06 - 4.83)
PINNO. 1 0.05085C METAL LID: 0.180 - 0.240
INDEX az7es) =i~ __ (457 -6.10)
0015-0075 | | | cemamcuD: 0.105-0255
©38-191) T 0.014-0.026 (4.95-6.48)

0100 BSC T_
(2.54BSC) = 1.005 1105
(27.81-28.07)

(0.36 - 0.66)

0.165 BSC
(4.198SC)
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magnitude of gain [|Vout/Via|] 4* 20 40
Parameter and Conditions typ min2 typ max? typ units
FREQUENCY DOMAIN RESPONSE
® —3dB bandwidth, Vout <4Vpp 105 75 85 70 MHz
Vout = 20Vpp 45 45 45 MHz
® gain flatness, 100KHz to 20MHz +0.25 +0.08 +0.3 +0.25 dB
20MHz to 45MHz +05 +0.25 +06 +1 dB
® phase shift 1 1.6 2 deg/MHz
® deviation from linear phase, DC to 45MHz 2 3 5 degree
® reverse isolation 60 70 70 dB
® distortion—refer to graphs
TIME DOMAIN RESPONSE
® rise and fall time, 5V output step 3 4 5 ns
20V output step 7 7 7 ns
® settling time, 10V output step, to .8% 20 20 25 ns
@ overshoot (input rise time <1ns), 5V output step 5 5 5 %
® slew rate 3 3 3 V/ns
® overload recovery (<50ns pulse width, 200% overdrive) 20 20 20 ns
GENERAL INFORMATION min2 typ max2 units
® input offset voltage (drift) 10(25) 32 mV(uV/°C)
® input bias current (drift), non-inverting input 10(20) 30 uA(NA/°C)
inverting input 30(50) 100 nA(nA/°C)
® equivalent input noise’, integrated 5SMHz to 100MHz 22 56 uv
(Rs = 500, gain = 20)
® second/third harmonic distortion (@ 20MHz, +10dBm) 48 38 —dBc
® input impedance, non-inverting input 100K/3 Q/pF
® power supply rejection ratio (referred to input) 45 60 dB
e common mode rejection ratio (referred to input) 64 dB
e output drive voltage current 10, 100 V, mA
] 24 33 mA

supply current

® supply voltage (= Vec) 16V (£5V min.)
® output current (lo) 100mA

o input voltage (Vimax) (I Vec| —2.5)/Ay
® common mode input voltage 2| Ve

® power dissipation, refer to graph

® junction temperature (T;)

® operating temperatu
® storage temperature

re (Ta)

150°C

—25 to +85°C
—55 to +150°C
o still air thermal resistance (fca) 25°C/W

1For Noise Figure, refer to Distortion and Noise Section in text.

2All min/max parameters are tested 100% at +25°C, A, = +20, R, = 100Q, and V., = +15V.

*refer to Low Gain Operation section.

22 «0l
;E g; Capacitance in pF
Q
U Ro

12 50

+15V

in
Ri CLC300

50 24
8 Ry
7% 50

% Nout

—15Vv

R
22 NI
Re

Rg = 15000 (internal)

Figure 1: recommended non-inverting gain circuit

For Zi,=500 Selecti

RgllR; = 50
Re  Rg =15000
—Ay = Re (internal)

Figure 2: recommended inverting gain circuit

Comlinear reserves the right to change specifications without notice.
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Layout Considerations (continued)

During pc board layout keep all traces short and direct. The
resistive bodies of Rr and Rg should be as close as possible
to pin 8 to minimize capacitance at that point. For the same
reason, remove ground plane from the vicinity of pins 8 and 6.
In other areas, use as much ground plane as possible on one
side of the pc board. It is especially important to provide a
ground return path for current from the load resistor to the
power supply bypass capacitors. Ceramic capacitors of .01
to .1uF should be close to pins 13 and 16. Larger tantalum
capacitors should also be placed within one inch of these pins.
To prevent signal distortion caused by reflections from imped-
ance mismatches, use terminated microstrip or coaxial cable
when the signal must traverse more than a few inches. Since
the pc board forms such an important part of the circuit, much
time can be saved if prototype boards of any high frequency
sections are built and tested early in the design phase.

Controlling Bandwidth and Passband Response

As with any op amp, the ratio of the two feedback resistors Re

and Rg determines the gain of the CLC300. Unlike conventional.

op amps, however, the closed loop pole-zero response of the
CLC300 is affected very little by the value of Rg. Rg scales the
magnitude of the gain, but does not change the value of the
feedback. This is possible due to a proprietary circuit topology.
Rr does influence the feedback and so the CLC300 has been
internally compensated for optimum performance with
Re=1500(}, but any value of Rr>500() may be used with a
single capacitor placed between pins 8 and 12 for compensa-
tion. See Table1. As Rr decreases, C. must increase to maintain
flat gain. Large values of Ry and C. can be used together or
separately to reduce the bandwidth. This may be desirable for
reducing the noise bandwidth in applications not requiring the
full frequency response available.

Table1: Bandwidth versus Rg and C; (Av = +20)

Re Cc f+o.3a8 f-3.008
(K) (oF) (MHz) (MHz)
10.0 0 2 5

5.0 0 3 12

20 0 8 40

15 0 45 85

10 03 90 115

.75 1.1 95 130

0.50 19 110 135

Low Gain Operation

The small amount of stray capacitance present at the inverting
input can cause peaking which increases with decreasing gain.
The gain setting resistor Rg is effectively in parallel with this
capacitance and so a frequency domain pole results. With
small Rg (Gain>> 8), this pole is ata high frequency and it affects
the closed loop gain of the CLC300 only slightly. Atlower values
of gain, this pole becomes significant. For example, at a gain
of +2, the gain may peak as much as 3dB at 75MHz, and have
abandwidth exceeding 150MHz. The same behavior does not
exist for low inverting gains, however, since the inverting input
is a virtual ground which maintains a constant voltage across
the stray capacitance. Even at inverting gains <<(1, the fre-
quency response remains unchanged.

To avoid the peaking atlow non-inverting gains, place a resistor
R, in series with the input signal path just ahead of pin 6, the
non-inverting input. This forms a low pass filter with the
capacitance at pin 6 which can be made to cancel the peaking
due to the capacitance at pin 8, the inverting input. At a gain

of+2, forexample, choosing R, such that the source impedance
in parallel with R (see Figure 1), plus R, equals175Q will flatten
the frequency response. For larger gains, R, will decrease.

Settling Time, Offset, and Drift

After an output transition has occurred, the output settles very
rapidly to final value and no change occurs for several micro-
seconds. Thereafter, thermal gradients inside the CLC300 will
cause the outputto begin to drift. When this cannot be tolerated,
or when the initial offset voltage and drift is unacceptable, the
use of a composite amplifier is advised. This technique reduces
the offsetand drift to that of a monolithic, low frequency op amp,
such as an LF356A. The composite amplifier technique is fully
described in the CLC103 Data Sheet.

A simple offset adjustment can be implemented by connecting
the wiper of a potentiometer, whose end terminals connect to
=+ 15V, through a 20K resistor to pin 8 of the CLC300. Variations
of this technique are described in Application Note 200-1,
Designer’s Guide for 200 Series Op Amps.

Overload Protection

To avoid damage to the CLC300, care must be taken to insure
that the input voltage does not exceed (IVi| —2.5)/Ay. High
speed, low capacitance diodes should be used to limit the
maximum input voltage to safe levels if a potential for overload
exists.

If in the non-inverting configuration the resistor R;, which sets
the input impedance, is large, the bias current at pin 6, which
is typically a few pA but which may be as large as 18uA, can
create a large enough input voltage to exceed the overload
condition. It is therefore recommended that R; < [(| Vel —2.5)/
Av]/ (18uA).

Distortion and Noise

The graphs of intercept point versus frequency on the preceding
page make it easy to predict the distortion at any frequency,
given the output voltage of the CLC300. First, convert the output
voltage (Vo) to Vams= Vi /20/2 andthento P= 1010g10(20Vrms’)
to get output power in dBm. At the frequency of interest, its 2nd
harmonic will be S; = (I,—P)dB below the level of P. Its third
harmonic will be S; = 2(1;—P)dBbelow P, as will the two tone
third order intermodulation products. These approximations
are useful for P<<—1dB compression levels.

Approximate noise figure can be determined for the CLC300
using the Equivalent Input Noise graph on the preceding page.
The following equation can be used to determine noise figure (F)
in dB:

02 2
vl *‘“AFiF
F=10logl 1+ —=s—r

4KTR,Af
where v, is the rms noise voltage and i, is the rms noise current.
Beyond the breakpoint of the curves (i.e., where they are flat),
broadband noise figure equals spot noise figure, so Af should
equal one (1) and v, and i, should be read directly off of the
graph. Below the breakpoint, the noise must be integrated and
Af set to the appropriate bandwidth.

Application Notes

For information on the use of the CLC300 in a wide variety of
applications, refer to application note AN200-1.
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Fast Settling, Wideband
Low-Gain Monolithic Op Amps
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" FEATURES:

APPLICATIONS:

e fast, precision A/D conversion ® —3dB bandwidth of 200MHz

® video distribution ® 0.05% settling in 12ns

® line drivers ® |ow power, 150mW

e D/A current-to-voltage conversion ® |ow distortion, —60dBc at 20MHz

® photodiode, CCD preamps ® stable without compensation

® |F processors ® overload and short circuit protected
[ ]

® high-speed communications +1 to £8 closed-loop gain range

DESCRIPTION:

The CLC400 is a high-speed, fast-settling operational amplifier designed
for low-gain applications. Constructed using a unique, proprietary design
and an advanced complementary bipolar process, the CLC400 offers
performance far beyond that normally offered by ordinary monolithic
op amps. In addition, unlike many other high-speed op amps the CLC400
offers both high performance and stability without the need for compen-
sation circuitry—even at a gain of +1.

The fast 12ns settling to 0.05% and its ability to drive capacitive loads
makes the CLC400 an ideal flash A/D driver. The wide bandwidth of
200MHz and the very linear phase ensure unsurpassed signal fidelity.
Systems employing digital to analog converters also benefit from the use
of the CLC400—especially if linearity and drive levels are important to
system performance.

The CLC400 provides a simple, high-performance solution for video
distribution and line driving applications. The 50mA output current and
guaranteed specifications for 100 ohm loads provide ample drive capability

and assured performance. PINOUT
The CLC400 is available in several versions to meet a variety of require-
ments. A three-letter suffix determines the version: ) vy
CLC400AJP  -40°Cto+85°C  8-pin plastic DIP e 9] Mot comeces
CLC400AJE —40°Cto +85°C 8-pin plastic SOIC Vi (2] [ 7] e
CLC400AIB —40°Cto +85°C 8-pin hermetic CERDIP Vaon-im [3] o
CLC400A8B -55°Cto+125°C 8-pin hermetic CERDIP, MIL-STD-883, non-inv out
Level B “Vee IZ E Not Connected
CLC400ALC -55°Cto+125°C dice
CLC400AMC  —55'Cto+125°C  dice qualified to Method 5008, DIP and SO-8 Versions
Operation MIL-STD-883, Level B
The CLC400 is based on Comlinear’s proprietary op amp topology that Viny Vos *Yeo  Chip Topography
uses current feedback instead of the usual voltage feedback. This 3 Helghtis 0.014 inches.
unique design has many advantages over conventional designs (such A connected fo -V, ltis
as settling time that is relatively independent of gain), yet it is used in : y motnecessary to
basically the same way (see the gain equations in Figures 1 and 2, 0.039 B electrically connect the
page 4). However, an understanding of the topology will aid in achieving 3 supply. Contact Comlinear
the best performance. The following discussion will proceed for the 5 for complete die
. . . . . . . N . . a information.
non-inverting gain configuration with the inverting mode analysis being
very similar. Vaoniny Ve Vou
Contact factory for other packages. DESC SMD number, 5962-89970. j¢——0.039" —>|
Package Dimensions
0.030-0.060
= i 078-152)
F—
0.035-0.065 0.040-0.080 ’1(00:1;:3%)9
(089~ 165)"3? n ‘F* - (1.02-208) | % 0200310 e
T % 0360405 6578 HARA" ~
0.220-0.280 (080 2 p— T |
(659-7.11) 0(»732‘2‘:3::? om0 0015 0060 ‘JL‘; o t10-0100 0224‘0243
e (503; i (038-152) [ i\ (355-405)  (570-630)
“asto-oa" | _1 042502 usmasc
iy Fia- “‘““T ‘ o om0 ae- :02;] g (762850) \\ NI p—
i ﬂgg:g&?‘; Q T (127-209) awoasc om):b nzmscﬁ =
1 . 0018 -
0120~0,!50—[ 0290-0310 0014-0028 (254990) ‘“’W 00-0% (13 ﬁo"%—gg/}f =
B ) b aTECR i
(229-2:79} (\.3735(:) ?b(?}g:e:g%
8-pin plastic DIP 8-pin CERDIP 8-pin plastic SOIC

Comlinear Corporation « 4800 Wheaton Drive, Fort Collins, CO 80525 « (303) 226-0500 « FAX (303) 226-0564

DS400.05 January 1993
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PARAMETERS

CONDITIONS TYP MAX & MIN RATINGS UNITS |SYMBOL
Ambient Temperature CLC400AJ/Al +25°C —40°C | +25°C| +85°C
Ambient Temperature CLC400A8/AM/AL +25°C -55°C | +25°C{ +125°C
FREQUENCY DOMAIN RESPONSE
1-3dB bandwidth out<V.oVp, 200 150 150 120 MHz SSBW
Vou<Vpp, Ay = +5 50 35 35 35 MHz LSBW
gain flatness’ Vour<0.5p,
1 peaking <40MHz 0 0.4 0.3 0.4 dB GFPL
1 peaking >40MHz 0 0.7 0.5 0.7 dB GFPH
1 rolloff <75MHz 0.6 1.0 1.0 1.3 dB GFR
linear phase deviation to 75MHz 0.2 1.0 1.0 1.2 ° LPD
TIME DOMAIN RESPONSE
rise and falltime 0.5V step 1.6 2.4 2.4 24 ns TRS
5V step 6.5 10 10 10 ns TRL
settling time to +0.1% 2V step 10 13 13 13 ns TSP
+0.05% 2Vstep 12 15 15 15 ns TS
overshoot 0.5V step 0 15 10 10 % (O8]
slewrate A,= +2 700 430 430 430 Vius SR
A,=-2 1600 - — —_ V/ius SR1
DISTORTION AND NOISE RESPONSE
t2nd harmonic distortion 2V, 20MHz —-60 -40 —45 —45 dBc HD2
13rd harmonic distortion 2V, 20MHz —-60 -50 —-50 —-50 dBc HD3
equivalentinput noise
noise floor >1MHz -157 —154 -154 | —153 dBm(1Hz)| SNF
integrated noise 1MHz to 200MHz 40 57 57 63 uV INV
STATIC, DC PERFORMANCE
*input offset voltage 2 +8.2 +5.0 +9.0 mV VIO
average temperature coefficient 20 +40 — +40 uV/rPC DVIO
*input bias current non-inverting 10 +36 +20 +20 nA IBN
average temperature coefficient 100 +200 — +100 nA/°C DIBN
*input bias current inverting 10 +36 +20 +30 uA IBI
average temperature coefficient 50 +200 — +100 nA/°C DIBI
tpower supply rejection ratio 50 45 45 45 dB PSRR
«common mode rejection ratio 50 45 45 45 dB CMRR
*supply current no load 15 23 23 23 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 200 >50 >100 | >100 kQ RIN
capacitance 0.5 <20 <2.0 <2.0 pF CIN
outputimpedance atDC 0.1 <0.2 <0.2 <0.2 0 RO
output voltage range noload +3.5 >3.0 >3.2 >3.2 \ VO
common mode input range for rated performance || 2.1 >1.2 >2.0 >2.0 \" CMIR
output current —40°Cto +85°C +70 >35 >50 >50 mA 10
—55°Cto +125°C +70 >30 >50 >50 mA 10

Veo

7V recommended gain range +1to +8
louwt output is short circuit protected to
ground, but maximum reliability will be NOTES:
maintained if I, does not exceed... 70mA *  AlLAJ 100% tested at + 25°C, sample at + 85°C.
common mode input voltage +V¢e 1 AJ Sample tested at + 25°C.
differential input voltage 10V 1 Al 100% tested at + 25°C.
junction temperature +175°C * A8 100% tested at + 25°C, -55°C, + 125°C.
operating temperature range 1 A8  100% tested at + 25°C, sample - 55°C, +125°C.
Al/AJ: -40°Cto +85°C * ALAM  100% wafer probe tested at + 25°C to + 25°C
A8/AM/AL: -55°Cto+125°C min/max specifications.
storage temperature range -65°Cto + 150°C & SMD Sample tested at + 25°C, - 55°C, +125°C.
lead solder duration (+ 300°C) 10 sec
note 1: Gain flatness tests performed from 0.1MHz.
Comlinear reserves the right to change specifications without notice.
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v ' 5V offset voltage adjustment circuit (optional— ‘
6.8uF except for capacitor, which improves fine
—i 20ka scale settling time). |
L —— e e ]
o}
" i l sV I Re
Vin . Ay =1+ R
3+ o
o
4 Ry,2500
OIF For optimum performance, R, and R should be
Ry e low-inductance, low-capacitance resistors.
—
6.8u (Pin are for DIP ions.)
v

Figure 1: recommended non-inverting gain circuit

Understanding the Loop Gain

Referring to the equivalent circuit of Figure 3, any current flowing in the
inverting input is amplified to a voltage at the output through the
transimpedance gain shown on the plots on page 3. This Z(s) is
analogous to the open-loop gain of a voltage feedback amplifier.

+

—oV,

Re

Rg For optimum performance, Ry and Rg should be
low-ind loy i resistors.

Figure 3: current feedback topology

Developing the non-inverting frequency response for the topology of
Figure 3 yields:

Vo 1+ Ri/Rg

=19 Eq. (1)
Vi 1—1/LG
where LG is the loop gain defined by,
e =2 ! Eq. @)

Rt 1+ Z/(R¢] | Rg)

Equation 1 has a form identical to that for a voltage feedback amplifier
with the differences occurring in the LG expression, Equation 2. For an
idealized treatment, set Z;=0 which results in a very simple LG = Z(s)/Rs
(Derivation of the transfer function for the case where Z;=0 is given in
Application Note AN300-1). Using the Z(s) (open-loop transimpedance
gain) plot shown on the previous page and dividing by the recommended
R;=2500, yields a large loop gain at DC. As a result, Equation 1 shows
that the closed-loop gain at DC is very close to (1+R¢/Rg).

At higher frequencies, the roll-off of Z(s) determines the closed-loop
frequency response which, ideally, is dependent only on R; The
specifications reported on the previous pages are therefore valid
only for the specified R;=250Q). Increasing R; from 2500 will decrease
the loop gain and bandwidth, while decreasing it will increase the loop
gain possibly leading to inadequate phase margin and closed-loop
peaking. Conversely, fixing R; will hold the frequency response constant
while the closed-loop gain can be adjusted using R,.

The CLC400 departs from this idealized analysis to the extent that the
inverting input impedance is finite. With the low quiescent power of the
CLC400, Z;=500 leading to a drop in loop gain and bandwidth at high
gain settings, as given by Equation 2. The second term in Equation 2
accounts for the division in feedback current that occurs between Z; and
R{IRg at the inverting node of the CLC400. This decrease in bandwidth
can be circumvented as described in “Increasing Bandwidth at High
Gains.”

DC Accuracy and Noise

Since the two inputs for the CLC400 are quite dissimilar, the noise and
offset error performance differs somewhat from that of a standard
differential input amplifier. Specifically, the inverting input current noise
is much larger than the non-inverting current noise. Also the two input
bias currents are physically unrelated rendering bias current cancellation
through matching of the inverting and non-inverting pin resistors
ineffective.

In Equation 3, the output offset is the algebraic sum of the equivalent
input voltage and current sources that influence DC operation. Output
noise is determined similarly except that a root-sum-of-squares replaces
the algebraic sum. R; is the non-inverting pin resistance.

Output Offset Vo= =IBN x Rq (1+R¢/Ry) *

VIO (1+RyRy) =IBI xR, Eq. 3)

offset voltage adjustment circuit (optional
except for capacitor, which improves fine
20k Scale settling time).

performance, Ry and Rg should be
| ; :

(Pin designations are for DIP versions.)

Figure 2: recommended inverting gain circuit

An important observation is that for fixed Ry, offsets as referred to the
input improve as the gain is increased (divide all terms by 1 4+ R¢/Rg).
A similar result is obtained for noise where noise figure improves as
gain increases.

Selecting Between the CLC400 or CLC401

The CLC400 is intended for gains of +1 to =8 while the CLC401 is
designed for gains of £7 to +50. Optimum performance is achieved
with a feedback resistor of 250Q2 with the CLC400 and 1.5kQ with the
CLCA401—this distinction may be important in transimpedance appli-
cations such as D/A buffering. Although the CLC400 can be used at
higher gains, the CLC401 will provide a wider bandwidth because loop
gain losses due to finite Z; are lower with the larger CLC401 feedback
resistor as explained above. On the other hand, the lower recommended
feedback resistance of the CLC400 minimizes the output errors due to
inverting input noise and bias currents.

Increasing Bandwidth At High Gains

Bandwidth may be increased at high closed-loop gains by adjusting Rs
and Rg4 to make up for the losses in loop gain that occur at these high
gain settings due to current division at the inverting input. An approx-
imate relationship may be obtained by holding the LG expression
constant as the gain is changed from the design point used in the
specifications (that is, Ry = 250Q and Rq = 250Q)). For the CLC400 this
gives,

350 — 50A,
290 = 9UAv (4
P Eq. (4)

where A, is the non-inverting gain. Note that with A, = +2 we get the
specified Ry = 250Q), while at higher gains, a lower value gives stable
performance with improved bandwidth.

R = 350 — 50A, and Ry =

Capacitive Feedback

Capacitive feedback should not be used with the CLC400 because of
the potential for loop instability. See Application Note OA-7 for active
filter realizations with the CLC400.

Offset Adjustment Pin

Pin 1 can be connected to a potentiometer as shown in Figure 1 and
used to adjust the input offset of the CLC400. Full range adjustment of
+5V on pin 1 will yield a £10mV input offset adjustment range. Pin 1
should always be bypassed to ground with a ceramic capacitor located
close to the package for best settling performance.

Printed Circuit Layout

As with any high frequency device, a good PCB layout will enhance
performance. Ground plane construction and good power supply
bypassing close to the package are critical to achieving full perfor-
mance. In the non-inverting configuration, the amplifier is sensitive to
stray capacitance to ground at the inverting input. Hence, the inverting
node connections should be small with minimal coupling to the ground
plane. Shunt capacitance across the feedback resistor should not be
used to compensate for this effect.

Parasitic or load capacitance directly on the output will introduce
additional phase shiftin the loop degrading the loop phase margin and
leading to frequency response peaking. A small series resistor before
the capacitance effectively decouples this effect. The graphs on the
preceding page illustrate the required resistor value and resulting
performance vs. capacitance.

Precision buffed resistors (PRP8351 series from Precision Resistive
Products) with low parasitic reactances were used to develop the data
sheet specifications. Precision carbon composition resistors will also
yield excellent results. Standard spirally-trimmed RN55D metal film
resistors will work with a slight decrease in bandwidth due to their
reactive nature at high frequencies.

Evaluation PC boards (part no. 730013 for through-hole and 730027
for SOIC) for the CLC400 are available.
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Comlinear Fast Settling, Wideband
L] Corporation High-Gain Monolithic Op Amps

L0¥O10

APPLICATIONS: : FEATURES

o fast, precision A/D conversion e —3dB bandwidth of 150MHz

® photodiode, CCD preamps @ 0.1% settling in 10ns

® |F processors ® |ow power, 150mW

® high-speed modems, radios e overdrive and short circuit protected
@ line drivers e stable without compensation

® DC-coupled log amplifiers e recommended gain range, 7 to +50

® high-speed communications

DESCRIPTION:

The CLC401 is a wideband, fast-settling op amp designed for applications
requiring gains greater than +7. Constructed using an advanced
complementary bipolar process and a proprietary design, the CLC401
features dynamic performance far beyond that of typical high-speed
monolithic op amps. For example, at a gain of + 20, the — 3dB bandwidth
is 150MHz and the rise/fall time is only 2.5ns.

The wide bandwidth and linear phase (0.2° deviation from linear at 50MHz)
and a very flat gain response makes the CLC401 ideal for many digital
communication system applications. For example, demodulators need
both DC coupling and high-frequency amplification — requirements that
are ordinarily difficult to meet.

The very fast 10ns settling to 0.1% and the ability to drive capacitive
loads lend themselves well to flash A/D applications. Systems employing
D/A converters also benefit from the settling time and also by the fact
that current-to-voltage transimpedance amplification is easily
accomplished.

The CLCA401 provides a quick, effective design solution. Its stable
operation over the entire =7 to +50 gain range precludes the need for

external compensation. And, unlike many other high-speed op amps, the Pinout
CLC401’s power dissipation of 150mW is compatible with designs which
must limit total power dissipation or power supply requirements. Not Connected El: L] E Not Connected
The CLC401 is available in several versions to meet a variety of Vinv 2| 7] *Vee
requirements. A three-letter' suffix dgtermlngs the version: — E:D—LE Vou
CLC401 AJP  —40°Cto +85°C 8-pin plastic DIP
CLC401AJE  —40°C10+85°'C  8-pin plastic SOIC Vee [4] [ 5 Not Connected
CLC401 AIB —40°C to +85°C 8-pin hermetic CERDIP '
CLC401ABB  —55°Cto+125°C  8-pin hermetic CERDIP, MIL-STD-883, DIP and SO-8 Versions

Level B Chip Topography

CLC401 ALC  -55°Cto+125°C dice

Vinv +Vee
CLC401 AMC -55°Cto+125°C  dice-qualified to Method 5008, 5 Height is 0.014
Operation MIL-STD-883, Level B 2 inches.
The CLC401 is based on Comlinear’s proprietary op amp topology that 8 'c“g;g»cggﬁ?i‘\’/;
uses current feedback instead of the usual voltage feedback. This unique 0.039" § tis ot
design has many advantages over conventional designs (such as settling A gf:gﬁg@ e nect
time that is relatively independent of gain), yet it is used in basically the the backside to
same way (see the gain equations in Figures 1 and 2, page 4). How- the minus supply.
(Continued on page 4) Vion-inv Voo Vout fo{ com{)_lete die
information.
Contact factory for other packages. DESC SMD number, 5962-89973. ——0.039"——
Package Dimensions - I*m’ o0
[ e
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ozzo-ozmT © &a&a fo?ﬁ fe— ‘H;g: T
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(659-711 . 0381 010-0160 02240288
68-711) L ?_(lsz-seg_* o ioae 1%2) | ! ‘ 055-405) R
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0.300BSC i
0015-0050 P:}: :’1‘:}?“ e WBSO)'{ goggg—
0%-127) T L 0050-0080 (318-508) 4 | - e 1 0.050350,‘ [
( 0:445-0200 T (127-208) s ~ i | (1278sc]
(3.68-5.08) 3 N 0.008-0.018 —
I A o0 om [@54850) WM o o (rae- ??2? [ﬁ] iy 4 R

v-os os-1an b0z S K

S e W Trygam T
0080-0.110 (1378C) 0(0013'?%;'
(229-279) 401
8-pin plastic DIP 8-pin CERDIP 8-pin plastic SOIC

Comlinear Corporation - 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 < FAX (303) 226-0564
DS401.05 3-59 January 1993



PARAMETERS CONDITIONS TYP MAX &MIN RATINGS UNITS |SYMBOL
Ambient Temperature CLC401AJ/Al +25°C —40°C | +25°C| +85°C
Ambient Temperature CLC401A8/AM/AL +25°C -55°C | +25°C| +125°C
FREQUENCY DOMAIN RESPONSE
1—3dB bandwidth Vour<2Vpp 150 >100 >100 | >70 MHz SSBW
Vout<5Vpp 100 >65 >65 >55 MHz LSBW
gain flatness? Vour<2Vp,
1 peaking <25MHz 0 <0.1 <0.1 <0.1 dB GFPL
1 peaking >25MHz 0 <0.2 <0.2 <0.2 dB GFPH
1 rolloff <50MHz 0.2 <1.0 <1.0 <1.3 dB GFR
linear phase deviation DC to 50MHz 0.2 <1.0 <1.0 <1.5 ° LPD
TIME DOMAIN RESPONSE
rise and falltime 2V step 25 <35 <35 <5.0 ns TRS
5V step 5 <7.0 <7.0 <8.0 ns TRL
settling time to 0.1% 2V step 10 <15 <15 <15 ns TS
overshoot 2Vstep 0 <10 <10 <10 % oS
slew rate 1200 >800 >800 | >700 V/us SR
DISTORTION AND NOISE RESPONSE
t2nd harmonic distortion 2V, 20MHz —-45 <-35 <-35| <-35 dBc HD2
13rd harmonic distortion 2V, 20MHz -60 <-50 | <-50| <-45 dBc HD3
equivalentinput noise
noise floor >1MHZz' -158 <—155| <-155( <—154 || dBm(1Hz)| SNF
integrated noise 1MHz to 150MHz’ 35 <50 <50 <55 nVv INV
STATIC, DC PERFORMANCE
*input offset voltage 3 +10.0 | £6.0 +11.0 mvV VIO
average temperature coefficient 20 +50 — +50 nVv/reC DVIO
*input bias current non-inverting 10 +36 +20 +20 MA IBN
average temperature coefficient 100 +200 — +100 nA/rC DIBN
*input bias current inverting 10 46 30 40 nA 1BI
average temperature coefficient 100 +200 — +100 nA/rC DIBI
power supply rejection ratio 55 50 50 50 dB PSRR
acommon mode rejection ratio 55 50 50 50 dB CMRR
*supply current noload 15 21 21 21 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 200 >50 >100 | >100 kQ RIN
capacitance 0.5 <25 <25 <25 pF CIN
outputimpedance atDC 0.2 <0.3 <0.3 <0.3 0 RO
output voltage range noload 3.5 >3.0 >3.2 >3.2 \ VO
common mode input range for rated performance 2.8 >2.0 >2.5 >25 \ CMIR
output current —40°Cto +85°C 70 >35 >50 >50 mA 10
—55°Cto +125°C 70 >30 >50 >50 mA 10

EoE Lt

Veo 7V
lout output is short circuit protected to

ground, but maximum reliability will be

maintained if l,,» does not exceed... 70mA
common mode input voltage +Vee
differential input voltage 5V
junction temperature range +175°C
operating temperature range

Al/AJ: -40°Cto +85°C

AB/AM/AL:
storage temperature range
lead solder duration (+300°C)

—-55°Cto+125°C
—65°Cto+150°C
10 sec

recommended gain range:

Lot

b

+7 to +50, -1 to -50

100% tested at +25°C, sample +85°C.

Sample tested at +25°C.

100% tested at +25°C.

100% tested at +25°C, -55°C, +125°C.

100% tested at +25°C, sample -55°C, +125°C.
100% wafer probe tested at +25°C to +25°C.
min/max specifications.

Sample tested at + 25°C, — 55°C, + 125°C.

Noise tests are performed from 5MHz to 200MHz.
Gain flatness tests are performed from 0.1MHz.
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Low Gain & Transimpedance

Applications

The CLC401 may be used at gains down to
unity (Ay = £ 1) by choosing R according to
Equation (4) on the following page. The curves
to the right show performance at inverting
unity gain with Ry = 2500Q, a configuration
appropriate for D/A converter buffering and
other transimpedance applications.
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(Pin designations are for DIP versions.)

Figure 1: recommended non-inverting gain circuit

ever, an understanding of the topology will aid in achieving the best
performance. The discussion below will proceed for the non-inverting
gain configuration with the inverting mode analysis being very similar.

Understanding the Loop Gain

Referring tothe equivalent circuit of Figure 3,anycurrent flowing inthe
inverting input is amplified to a voltage at the output through the
transimpedance gain shown on the plot on page 3. This Z(s) is
analogous to the open-loop gain of a voltage feedback amplifier.

V; 00—
gy
Re
Re
Figure 3: current feedback topology

Developing the non-inverting frequency response for the topology of
Figure 3 yields:

Vo _ 1+ Ri/Rg
Vi © 1-1/G eq- (1)
where LG is the loop gain defined by,
Z 1
LG = 28 X eq. (2)

Ry 1+ Zi/(R¢| | Rg)

Equation 1 has a form identical to that for a voltage feedback amplifier
with the differences occurring in the LG expression. For an idealized
treatment, set Zi = 0 which results in a very simple LG = Z(s)/Rs.
(Derivation of the transfer function for the case where Z; = 0 is given
in Application Note AN300-1.) Using the Z(s) (open-loop transimpedance
gain) plot shown on the previous page and dividing by the recommended
R¢=1.5kQ, yields a large loop gain at DC. As a result, equation 1 shows
that the closed-loop gain at DC is very close to (1 + Ri/Rg).

At higher frequencies, the roll-off of Z(s) determines the closed-loop
frequency response which, ideally, is dependent only on R:. The
specifications reported on the previous pages are therefore valid only
for the specified R; = 1.5kQ. Increasing R from 1.5kQ will decrease
the loop gain and bandwidth, while decreasing it will increase the loop
gain possibly leading to inadequate phase margin and closed-loop
peaking. Conversely, fixing R will hold the frequency response constant
while the closed-loop gain can be adjusted using Rg.

The CLC401 departs from this idealized analysis to the extent that the
inverting input impedance is finite. With the low quiescent power of the
CLC401, Z;=50Q leading to a drop in loop gain and bandwidth at high
gain settings, as given by equation 2. The second term in equation 2
accounts for the division in feedback current that occurs between Z;
and R¢| | Rg at the inverting node of the CLC400. This decrease in
bandwidth can be circumvented as described in “Increasing Bandwidth
at High Gains.”

DC Accuracy and Noise

Since the two inputs for the CLC401 are quite dissimilar, the noise and
offset error performance ditfers somewhat from that of a standard
differential input amplifier. Specifically, the inverting input current
noise is much larger than the non-inverting current noise. Also the two
input bias currents are physically unrelated rendering bias current
cancellation through matching of the inverting and non-inverting pin
resistors ineffective.

In equation 3, the output offset is the algebraic sum of the equivalent
input voltage and current sources that influence DC operation. Output
noise is determined similarly except that a root-sum-of-squares
replaces the algebraic sum. Rs is the non-inverting pin resistance.

v _ —Rt
’_'se»r A= Rg
—
OluF
E
—
cLesol
2
w w [
For i performance, R and Ry should be
| o lo I i i
T (Pin are for DIP ions.)
-sv

Figure 2: recommended inverting gain circuit

Output Offset Vo = £ IBN X Rs (1 + Ri/Rg) &

VIO (1 + Ri/Rg) £ IBI X Ry eq. (3)
An important observation is that for fixed Ry, offsets as referred to the
input improve as the gain is increased (divide all terms by 1 + R¢/Ryg).
A similar result is obtained for noise where noise figure improves as
gain increases.

Selecting Between the CLC400 or CLC401

The CLC400 is intended for gains of £1 to +8 while the CLC401 is
designed for gains of £7 to +:50. Optimum performance is achieved
with a feedback resistor of 250Q with the CLC400 and 1.5kQ with the
CLC401—this distinction may be important in transimpedance appli-
cations such as D/A buffering. Although the CLC400 can be used at
higher gains, the CLC401 will provide a wider bandwidth because loop
gain losses due to finite Zi are lower with the larger CLC401 feedback
resistor as explained above. On the other hand, the lower recommended
feedback resistance of the CLC400 minimizes the output errors due to
inverting input noise and bias currents.

Increasing Bandwidth At High Gains

Bandwidth may be increased at high closed-loop gains by adjusting R¢
and R4 to make up for the losses in loop gain that occur at these high
gain settings due to current division at the inverting input. An approx-
imate relationship may be obtained by holding the LG expression
constant as the gain is changed from the design point used in the
specifications (that is, Ri = 1.5kQ and Ry = 79Q). For the CLC401 this
gives,

_ 2500 — 50A

Ri = 2500 — 50A, and Rg = == —= eq. (4)

where A, is the desired non-inverting gain. Note that with A, =+20 we
get the specified Ry = 1.5kQ, while at higher gains, a lower value gives
stable performance with improved bandwidth.

Capacitive Feedback

Capacitive feedback should not be used with the CLC401 because of
the potential for loop instability. See Application Note OA-7 for active
filter realizations with the CLC401.

Printed Circuit Layout

As with any high frequency device, a good PCB layout will enhance
performance. Ground plane construction and good power supply
bypassing close to the package are critical to achieving full perfor-
mance. In the non-inverting configuration, the amplifier is sensitive to
stray capacitance to ground at the inverting input. Hence, the inverting
node connections should be small with minimal coupling to the ground
plane. Shunt capacitance across the feedback resistor should not be
used to compensate for this effect.

Parasitic or load capacitance directly on the output will introduce
additional phase shift in the loop degrading the loop phase margin and
leading to frequency response peaking. A small series resistor before
the capacitance effectively decouples this effect. The graphs on the
preceding page illustrate the required resistor value and resulting
performance vs. capacitance.

Precision buffed resistors (PRP8351 series from Precision Resistive
Products) with low parasitic reactances were used to develop the data
sheet specifications. Precision carbon composition resistors will also
yield excellent results. Standard spirally-trimmed RN55D metal film
resistors will work with a slight decrease in bandwidth due to their
reactive nature at high frequencies.

Evaluation PC boards (part no. 730013 for through-hole and 730027
for SOIC) for the CLC401 are available.
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Comlinear Low-Gain Op Amp
with Fast 14-Bit Settling

covO10

APPLICATIONS: FEATURES (typical):

® high-accuracy A/D systems (12-14 bits) ® 0.0025% settling in 25ns (32ns max.)
® high-accuracy D/A converters ® 0.5mV input offset voltage, 3uV/°C drift
e high-speed communications ® +1to *8 closed-loop gain range

e |F signal processing ® |ow power, 150mW

® video distribution ® 0.01%/0.05° differential gain/phase

DESCRIPTION:

The CLC402 is an operational amplifier designed for low-gain
applications (£ 1 to % 8), requiring fast, accurate settling and
superior DC accuracy. Settling to 0.0025% in 25ns (32ns
guaranteed over temperature), the CLC402 is ideal as the
input amplifier in high accuracy (up to 14-bits) A/D systems.
Unlike most other high-speed op amps, the CLC402 is free 4
of thermally induced tails in the settling response.

The CLC402 is an upgrade to and pin compatible with the ;‘z \JW“W»%W’”WW
i

et ase

industry standard CLC400. Constructed using a unique,
proprietary design and an advanced complementary bipolar
process, it offers performance far beyond ordinary monolithic
op amps. In addition, unlike many other high-speed op amps,
the CLC402 offers both high performance and stability without
the need for compensation circuitry — even at a gain of +1.

U5

Supporting the CLC402’s excellent pulse performance are

improved DC characteristics. The CLC402’s input offset voltage PINOUT

is typically 0.5mV and is guaranteed to be less than 1.6mV at Not Connected [ 1| ® ~ [ s | Not Connected

+25°C. The input offset voltage drift is typically only 3uV/°C. Vi [Z] 7] 4+V,,

The CLC402 is available in several versions to meet a variety Vion-inv E;[: ) Vout

of requirements. A three-letter suffix determines the version: —Vee [4] [ 5 ] Not Connected

CLC402AJP —40°Cto +85°C  8-pin plastic DIP )

CLC402AJE —-40°Cto+85°C  8-pin plastic SOIC DIP and SO-8 Versions

CLC402AID —-40°Cto+85°C  8-pin hermetic side-brazed Chip Topography — Height is 0.014
ceramic DIP EEE Il;‘(c)r!l'eEs:‘Backside

CLC402A8D —-55°Cto+ 125°C 8-pin hermetic side-brazed IL+Vcc copnested o
ceramic DIP, MIL-STD-883, Vil n necéasany o
Level B 0.054" electrictaltlx

CLC402ALC —55°Cto + 125°C dice J Voon-nv -0 :V backads to he

CLC402AMC -55°Cto + 125°C dice qualified to - minus supply.
Method 5008, MIL-STD-883, RERgC ot o

complete die

Level B . k—-vf).cotw'—ﬂ information.
Contact factory for other packages. DESC SMD number, 5962-92033.

Package Dimensions
0.014-0.019
035 - 0. 0040-0.080 o |-00m4BSC (035-048)
Tl 209 i‘;_ﬁ}ﬂ-r\»-{‘-r”m’ . s
EaSEC LR LH I 10220-0310 HH !
T 5 I | e
0220-0280 | | 0400-0325 i (659-787) i |
(6.59-7.11) (7.62-826) . 0.140-0.160  0.204 -0.248
] ik o y B ! (855-495)  (510-630)
a.a7o~3.74;oz " ! 0T ) — ‘Lﬂ_ﬁ_.ﬁﬁ s i
b0 pa0-168 7 (e oo 60 | PO ogs-0om (- B
03127 F To1a5-0200 7 N 02-20m WA T o) ! | fizresg
b WWJ @68-508) /\ — 01250200 | [ 00530069 (=) 0.004-0010 JE—
0120~D|SOI U 10'290'0'310\\) i B P . J-10'":ﬂ)gf‘z)o.oosJJ N L
PUS-a8) | {0000 e ool o 0204 Fo-oms T oz T LTI e
0080-0.110 (854BSC) iy
(229-279) 040-127)
8-pin plastic DIP 8-pin side-brazed ceramic DIP 8-pin plastic SOIC
Comlinear Corporation - 4800 Wheaton Drive, Fort Collins, CO 80525 - (303) 226-0500 - FAX (303) 226-0564
DS402.01 January 1993
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PARAMETER CONDITIONS TYP MAX &MIN RATINGS UNITS |SYMBOL
Ambient Temperature CLC402A8/AL/AM +25°C -55°C +25°C | +125°C
Ambient Temperature CLC402AJ/Al +25°C —40°C +25°C | + 85°C
FREQUENCY DOMAIN PERFORMANCE
1-3dB bandwidth Vou<0.5V,, 195 >120 >130 >120 MHz SSBW
Vour<5Vpp 80 >50 >50 >50 MHz LSBW
gain flatness® Vou<0.5Y,,
+  peaking DG to 25MHz 0 <0.4 <03 | <04 ||dB GFPL
1 peaking >25MHz 0 <0.7 <0.5 <0.7 dB GFPH
t rolloff DC to 50MHz 0.5 <1.0 <1.0 <1.0 dB GFR
linear phase deviation DC to 50MHz 0.4 <1.2 <1.0 <1.2 ° LPD
TIME DOMAIN PERFORMANCE
rise and fall time 0.5V step 2.0 <29 <27 <29 ns TRS
5V step 5.0 <8 <8 <8 ns TRL
settling time to +0.0025% 2Vstep 25 <32 <32 <32 ns TS14
+0.01% 2Vstep 18 <25 <25 <25 ns TSP
+0.1% 2Vstep 10 <15 <15 <15 ns TSS
overshoot 0.5V step 0 <10 <10 <10 % os
slewrate 800 >500 >500 >500 V/us SR
DISTORTION AND NOISE PERFORMANCE
+2nd harmonic distortion 2V, 20MHz -50 <-38 <-43 <-43 dBc HD2
13rd harmonic distortion 2V, 20MHz ~60 <-53 <-53 <~50 dBc HD3
equivalent input noise
noise floor >1MHz -157 <-155 |<-155 | <-155 dBm(1Hz) | SNF
integrated noise 1MHz to 150MHz 40 <49 <49 <49 Y INV
differential gain’ 0.01 —_ —_ —_ % DG
differential phase' 0.05 — — — ° DP
STATIC, DC PERFORMANCE
*input offset voltage 0.5 <2.6 <1.6 <2.8 mV VIO
average temperature coefficient 3 <12 — <12 pV/°C DVIO
*input bias current noninverting 10 <45 <25 <35 uA IBN
average temperature coefficient 100 <250 — <100 nA/°C DIBN
*input bias current inverting 10 <50 <30 <40 MA 1BI
average temperature coefficient 100 <250 — <100 nA/°C DIBI
tpower supply rejection ratio 68 >55 >60 >60 dB PSRR
common mode rejection ratio 65 >55 >60 >60 dB CMRR
*supply current noload 15 <20 <20 <20 mA ICC
MISCELLANEOUS PERFORMANCE
noninverting input resistance 150 >50 >85 >85 kQ RIN
capacitance 3.5 <5.5 <5.5 <5.5 pF CIN
outputimpedance atDC 0.02 <0.1 <0.1 <0.1 Q RO
common mode input range +3.0 >+2.0 >+25 |>%25 Vv CMIR
output voltage range no load *+3.5V >+3.0 >+32 |>%x3.2 \ VO
output current +55 >+25 >+45 >+45 mA 10

Ve 7V
Tout output is short circuit protected to ground,
but, maximum reliability will be obtained
if ,,; does not exceed... 70mA
input voltage Ve,
junction temperature +175°C
operating temperature range
AVAJ: —-40°Cto +85°C
A8/AM/AL: -55°Cto +125°C

—65°C to +150°C
10 sec

storage temperature range
lead solder duration (+300°C )

Notes:

* AlLAJ
1 AJ
1 Al
* A8
1 A8
* AL, AM

note 1:

note 2:

recommended gain range:

+1t0+8

100% tested at +25°C, sample at +85°C.
Sample tested at +25°C.

100% tested at +25°C.

100% tested at +25°C, — 55°C, +125°C.

100% tested at +25°C, sample at — 55°C, +125°C.
100% wafer probe tested at +25°C to +25°C
min/max specifications.

Differential gain and phase measured at A, = +2V,
R =250Q, R, = 150Q, 1V, equivalent video signal,
0-100 IRE, 40 IRE,,, OIRE = 0 volts, 75Q load
and 3.58 MHz.

Gain flatness tests performed from 0.1MHz.

Comlinear reserves the right to change specifications without notice.
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Rq— optional supply
resonance damping
resistors

Select Ry to yield
desired Ry, = Ry || Rg

e
Ry
R
fﬁfﬁi
-5V

Figure 1: recommended inverting gain circuit

Feedback Resistor

The CLC402 achieves its excellent pulse response by using
the current feedback topology pioneered by Comlinear
Corporation. The loop gain for a current feedback op amp,
and hence the frequency response, is predominantly set by
the feedback resistor value. The CLC402 is optimized for use
with a 2500 feedback resistor. Using lower values can lead
to excessive ringing in the pulse response while a higher value
will limit the bandwidth. Application Note OA-13 discusses this
in detail along with occasions where a different R; might be
advantageous.

Optimizing Settling Time

The CLC402 is capable of extremely fast pulse settling times
to very fine scale accuracies (.0025% in 25ns typical). It is
also virtually free of any measurable thermal tail effects as
shown in the long-term settling time plot on the previous
page. Careful attention to parasitic effects is critical to
achieving this level of performance.

Generally, open any ground and/or power planes around the
device while providing an adjacent ground plane for the 0.1 uf
ceramic decoupling caps. These caps should be very near
the power pins. Connecting the ground return point for the
electrolytic capacitors near the load ground point is also very
useful. Similarly, for non-inverting applications, connecting
Ry to ground near the input terminating resistor ground
connection will improve performance. These suggestions
become particularly pertinent for fastest settling to lower than
0.1% accuracies.

Using Supply Resistors, R,

Figures 1 and 2 show a series resistor in the supply leads
between the electrolytic and ceramic capacitors. This optional
resistor is intended to de-Q any self-resonance between
those capacitors and the power supply trace inductance. Any
large output voltage step into a significant load, either resistive
or capacitive, will necessarily pull a current surge through
the supply de-coupling capacitors. This can cause a very low
level, high frequency ringing on the power supplies that may
not be effectively rejected by the PSRR of the CLC402. This
can, in turn, show up at the output as a ringing that will
preclude high speed settling to very fine scale accuracies.

Adding R, will increase the amplitude of this signal at the
supplies but will lower the frequency content tc where the
CLC402’s PSRR can effectively reject it. An Ry of 5 to 10Q
will yield excellent settling performance with minimal impact
on other performance parameters.

Driving Capacitive Loads

Either parasitic or load capacitance directly on the output pin
can quickly lead to unacceptable levels of ringing in the pulse
response. Adding a series resistor, as shown in the plot of
R vs. C, on the previous page, will resolve this problem.
Parasitic capacitances less than 2pF can be driven without
the series resistor. See Application Note OA-15 for additional
discussion.

Distortion Performance

The distortion plots show the harmonic distortions and 3rd
order intermodulation intercepts under a variety of load,
power, and frequency conditions. Generally, going to higher
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Figure 2: recommended non-inverting gain circuit

frequencies will degrade the distortion performance as the
amplifier loop gain decreases. Further distortion
improvements at low frequencies are observed when driving
higher impedance loads. The 3rd order intermodulation
intercept plot may be used to predict the 3rd order spurious
levels given the power levels at the load for two closely spaced
signal frequencies. Figure 3 shows the signal and spurious
level definitions along with equations for predicting the
spurious powers from the intercept value and the two signal
powers.

i e P, P, — test powers at load
P, Py — 3rd order spurious

powers (all in dBm)

IM3 — 3rd order intercept
(from datasheet plot)

L

I

v P_ = P,—2 (IM3-P;)
Py = P,—2 (IM3-P,)

P Py

n

At —

—
<G T3Af

Figure 3: 3rd order spurious calculations

DC Accuracy and Noise

The CLC402 offers an improved offset voltage over the
comparable CLC400 low gain amplifier. The offset adjustment
available on the CLC400 was therefore not included in this
part. Figure 4 shows the output offset computational equation
for the non-inverting configuration with an example using the
typical bias current and offset specifications for A, = +2.

Output Offset

R
V,= (: |,,,,R,,,zv.°) (1 +E;') +1, Ry
Example computation for A, = +2, R;=2500

Vo=(£104A (500) + 0.5mV) (2) = 10A (2500) = £3.5mV
Figure 4: Output DC offset calculation

This low output offset voltage is a marked improvement over
earlier very high speed amplifiers. Further improvement in the
output offset voltage and drift is possible using the composite
amplifiers described in Application Note OA-7.

The equivalent input noise plot shows that the CLC402 offers
a low 1.7nV/VHz input noise voltage. A low non-inverting
source impedance should be used for lowest noise
performance due to the relatively high current noise at that
input. See Application Note OA-12 for a full discussion of noise
calculations for current feedback amplifiers.

Printed Circuit Layout
Evaluation PC boards (part number 730013 for through-hole
and 730027 for SOIC) for the CLC402 are available. This
board can be easily modified to include the R, resistors
discussed above. Further layout suggestions may be found in
Application Note OA-15.



Comlinear
Corporation

(C

APPLICATIONS:
o fast A/D conversion

® line driving

® video distribution

® high-speed communications
® radar, IF processors

DESCRIPTION:

The CLC404 is a high-speed, monolithic op amp that combines
low power consumption (110mW typical, 120mW maximum) with
superior large signal performance. Operating off of =5V supplies,
the CLC404 demonstrates a large-signal bandwidth (5V,, output)
of 165MHz. The bandwidth performance, along with other speed
characteristics such as rise and fall time (2.1ns for a 5V step), is
nearly identical to the small signal performance since slew rate is
not a limiting factor in the CLC404 design.

With its 175MHz bandwidth and 10ns settling (to 0.2%), the
CLC404 is ideal for driving ultra-fast flash A/D converters. The
0.5° deviation from linear phase, coupled with -53dBc 2nd har-
monic distortion and -60dBc 3rd harmonic distortion (both at
20MHz), is well suited for many digital and analog communication
applications. These same characteristics, along with 70mA output
current, differential gain of 0.07%, and differential phase at 0.03°,
make the CLC404 an appropriate high-performance solution for
video distribution and line driving applications.

Constructed using an advanced, complementary bipolar process
and Comlinear’s proven current feedback topologies, the CLC404
provides performance far beyond that of other monolithic op amps.
The CLC404 is available in several versions to meet a variety of
requirements. A three-letter suffix determines the version:

CLC404AJP ~40°Cto+85°C  8-pin plastic DIP
CLC404AJE —-40°Cto+85°C  8-pin plastic SOIC
CLC404AID ~40°Cto+85°C 8-pin hermetic side-brazed
ceramic DIP
CLC404A8D —55°Cto+ 125°C 8-pin hermetic side-brazed
ceramic DIP, MIL-STD-883, Level B
CLC404ALC -55°Cto+125°C dice
CLC404AMC -55°Cto+ 125°C dice qualified to Method 5008,

MIL-STD-883, Level B

Contact factory for other packages. DESC SMD number, 5962-90994.

Wideband, High-Slew Rate,
Monolithic Op Amp

1002008 |0)

FEATURES (typical):

165MHz large signal bandwidth (5V)
2600V/us slew rate

low power: 110mW

low distortion: -53dBc at 20MHz

10ns settling to 0.2%

0.07% differential gain, 0.03° differential phase

PINOUT
J

Not Connect