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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to or
to discontinue any semiconductor product or service identified
in this publication without notice. Tl advises its customers to
obtain the latest version of the relevant information to verify,
before placing orders, that the information being relied upon is
current.

Tl warrants performance of its semiconductor products to current
specifications in accordance with Tl's standard warranty. Testing
and other quality control techniques are utilized to the extent Tl
deems necessary to support this warranty. Unless mandated by
government requirements, specific testing of all parameters of
each device is not necessarily performed.

Tl assumes no liability for Tl applications assistance, customer
product design, software performance, or infringement of patents
or services described herein. Nor does Tl warrant or represent that
any license, either express or implied, is granted under any patent
right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or
process in which such semiconductor products or services might
be or are used.

Texas Instruments products are not intended for use in life support
appliances, devices or systems. Use of a Tl product in such
applications without the written consent of the appropriate Tl
officer is prohibited.

Copyright © 1990, Texas Instruments Incorporated



introduction

Texas Instruments Linear Circuits Operational Amplifier Macromodels Data Manual (1990),
distributed to thousands of users, has received highly favorable responses for the useful-
ness and accuracy of these models. However, some areas of concern have been identified
and certain other considerations voiced as indicated in this errata. Future editions have
been planned to address these concerns as well as include enhanced models for all new
and advanced devices. As always, we consider your feedback an invaluable resource and
appreciate your response.

These identified concerns can be categorized into two groups. The first concern is system/
software matters and the second is device model anomalies.

system/software

If your system fails to run the simulation, possibly generating some obscure error code, it
could be due to:

Embedded tabs: The text editor that generated the macromodels uses tabs for indentation.
However, some simulators do not accept the TAB character (ASCII 9). In this case, the tabs
can be stripped from the file using the short BASIC program shown below (Figure 1). As
indenlation is used only for readability, removing the tabs does ncot adversely affect the
models’ performance.

10 REMA Ak kA XA AR kAR AR AR A AN AR R A AR AR AR ARk AR ARk AR AR AR RNk
20 REM*** Tab-Stripping and Case-Conversion Program **#*%xakakwws
30 REM*** Removes tabs and changes text to upper-case ***txxikis
40 REMAX KAk kkhk kA kA kA ARk R A A AR AR AR AR AR AR A AR A AR AR AN AR AR R AN AR AR AR ARk
50 KEY OFF: CLS

60 PRINT "Enter a filename to be converted..."

70 PRINT "Example: C:\SPICE\TEST.TXT"

80 INPUT; SOURCES$

90 OPEN "I", #1, SOURCES$

100 CLS

110 PRINT "Enter a filename for the new converted file..."

120 INPUT; NUFLES$

130 OPEN "O", #2,NUFLE$:CNT = 0

140 WHILE NOT EOF (1)

150 CH$=INPUTS$ (1, #1)

160 IF CH$ = CHR$(9) THEN PRINT #2," ";:CNT = CNT+1:GOTO 190

170 IF (ASC(CH$) => 97 AND ASC(CH$) <= 122) THEN CDE = ASC(CH$)-

32:PRINT #2,CHR$ (CDE); :GOTO 190

180 PRINT #2,CH$;

190 WEND

200 CLOSE

210 CLS:PRINT CNT; "tabs found and corrected."

220 PRINT "De-tabbed file is stored in "+CHRS (34)+NUFLE$+CHRS (34)
230 END

NOTE: Line 170 is word wrapped.
Figure 1. Tab-Stripping and Case-Conversion Program



Case sensitivity: Some versions of simulation software are case-sensitive, usually requiring
all upper case characters. The macromodel text is lower case. The program in Figure 1
converts all text to upper case, thereby eliminating case disparities.

Negative resistances: On certain devices, the PSpice® Parts™ software (used to construct
the macromodels) generates negative resistance values for the re1 and re2 terms. Some
simulators cannot handle negative resistances. This can be overcome by changing the “r’
terms to “G"-type ideal generators using any text editor. The models affected and the
corrected symbols are listed in Table 1.

Table 1. Macromodels Replacement for Negative Resistance

DEVICE TYPE MA;::&M’?: EL | ORIGINAL STATEMENT REPLACEMENT STATEMENT

rel 13 10 -460.3 GE1l 13 10 (10,13) 2.172E-3
LM308 313

re2 14 10 -460.3 GE2 14 10 (10,14) 2.172E-3

rel 13 10 -532.7 GE1 13 10 (10,13) 1.877E-3
LT1001 3-18

re2 14 10 -532.7 GE2 14 10 (10,14) 1.877E-3

rel 13 10 -53.24 GE1 13 10 (10,13) 18.783E-3
LT1007 319

re2 14 10 -53.24 GE2 14 10 (10,14) 18.783E-3

rel 13 10 -460.6 GE1 13 10 (10,13) 2.171E-3
LT1012 3-21

re2 14 10 -460.6 GE2 14 10 (10,14) 2.171E-3

rel 13 10 -44.22 GEl1 13 10 (10,13) 22.614E-3
LT1028 3-23

re2 14 10 -44.22 GE2 14 10 (10,14) 22.614E-3

rel 13 10 -66.35 GE1 13 10 (10,13) 15.072E-3
LT1037 3-24

re2 14 10 -66.35 GE2 14 10 (10,14) 15.072E-3

rel 13 10 -31.95 GE1 13 10 (10,13) 31.299E-3
TLE2022 3100 :

re2 14 10 -31.95 GE2 14 10 (10,14) 31.299E-3
TLE2024 3-101 rel 13 10 -31.90 GEl1 13 10 (10,13) 31.348E-3

re2 14 10 -31.90 GE2 14 10 (10,14) 31.348E-3

device model anomalies

For no apparent reason simulations sometimes yield results that seem wrong. One probable
cause is an invalid macromodel:

Supply voltages: The macromodels included in the first edition are modeled at only one set
of supply voltages. Simulations run using other supply voltages could yield results that do
not meet the accuracy guidelines. A new model must be generated for use with other supply
values. For example, the TLO31 is specified at +15 V and £5 V, but the model is only
accurate at £15V. |If simulated at +5 V, the results do not correlate to the data sheet
specifications. Table 2 lists all device types currently in the Macromodels Data Manual, their
specified supply voltages, and the voltages used in creating the macromodels. Future
additions are to include macromodels for each supply voltage specified in the data sheet.

PSpice is a registered trademark of MicroSim Corporation.
Parts is a trademark of MicroSim Corporation.
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Table 2. Macromodel Supply Voltage Considerations (continued)

SUPPLY VOLTAGE SUPPLY VOLTAGE MACROMODEL
DEVICE TYPE IN DATA SHEET USED FOR MACROMODEL DATA MANUAL
V) ) PAGE NO.

TLC27L9 10,5 10 3-89
TLC27M2 10,5 10 3-90
TLC27M4 10,5 10 3-91
TLC27M7 10,5 10 3-92
TLC27M9 10,5 10 3-93
TLC1078 10,5 10 3-94
TLC1079 10,5 10 3-95
TLC2201 +5,5 +5 19t
TLC2652 +5 +5 20t
TLC2654 +5 +5 21t
TLE2021 +15,5 +15 3-99
TLE2022 +15,5 +15 3-100
TLE2024 +15,5 +15 3-101
TLE2061 +20,+15,£5 +15 3-102
TLE2062 +20,+15,£5 +15 3-103
TLE2064 +20,+£15, %5 +15 3-104
TLE2161 +20,£15,£5 +15 3-105
UAT741 +15 +15 3-106
UA747 15 15 3-107
UA748 +15 +15 3-108

TThe original macromodel has been entirely replaced by the macromodel in this errata.




Input Bias Currents: Simulation of devices having extremely low input bias currents (in the
pA range) often generates abnormally high values for this parameter. This occurs primarily
in CMOS products. Again, new models are needed to correct simulation errors. The
macromodels known to exhibit this problem are listed in Table 3. Corrected macromodels
are included in this errata on the pages shown.

Table 3. Macromodels with Input Bias Error

DEVICE TYPE DATA MANUAL ERRATA
PAGE NO. PAGE NO.

ICL7652 3-3 7

LTC1052 3-25 8

TL136 3-65 9

TLC251C (H) 3-70 10
TLC252C 3-73 1
TLC254C 3-74 12
TLC271C (H) 3-79 13
TLC271C (M) 3-81 14
TLC272 3-82 15
TLC274 3-83 16
TLC277 3-84 17
TLC279 3-85 18
TLC2201 3-96 19
TLC2652 3-97 20
TLC2654 3-98 21




ICL7652
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 — REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: t5V

e Extremely Low Offset Voltage ... 5 uV Max

e Extremely Low Change In Offset Voltage
with Temperature ... 0.003 uV/°C Typ

e Low Input Offset Current ... 30 pA Max

e Ayp ... 120dB Min

macromodel — applies to ICL7652, LTC7652

.SUBCKT ICL7652 1 2 3 4 5

*
c1 11 12 3.804E-12
c2 6 7 20.00E-12
DC 5 53 px
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX
DP 4 3 DX

EGND 99 0 POLY(2) (3,0)

e CMRRand kgyRr ... 110dB Min
e Single-Supply Operation

e Common-Mode Input Voitage Range Includes
the Negative Rail

e No Noise Degradation with External
Capacitors Connected to Vpp -

(4,0) 0 .5 .5

FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.342E9 -2E9 2E9 2E9 -2E9

GA 6 011 12 125.7E-6
GCM 0 6 10 99 25E-12
Iss 3 10 DC 56.00E-6
HLIM 90 0 VLIM 1K
Jl 11 210 X

1

J2 12 10 JX
R2 6 9 100.0E3
RD1 4 11 7.958E3
RD2 4 12 7.958E3
RO1 8 5 165

RO2 7 99 165

RP 3 4 6.667E3
RSS 10 99 3.571E6
VB 9 0DCO

vc 3 53DC .9
VE 54 4 DC .8
VLIM 7 8 DC O

VLP 91 0 DC 3.100
VLN 0 92 DC 3.100

.MODEL DX D(IS=800.0E-18)

.MODEL JX PJF (1S=500.0E-15 BETA=564.0E-6 VTO=-.19)

.ENDS

Macromodels, simulation models, or other models
provided ig'n directly or indirectly, are not
warranted by Tl as 1nl rwnumln! all u:' the

u
umlcnndlmnr product to vlhltll the model relates.

xas W

INSTRUMENTS

Copyright © 1990, Texas Instruments Incorporated

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 7



LTC1052
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 — REVISED JULY 1990

Voltage ..

SUPPLY VOLTAGE CONDITIONS: +5V

Input Offset Voltage ... 5 uV Max at 25°C

Temperature Coefficient of Input Offset
. 0.01 pv/°C Typ

e Long-Term Drift of input Offset Voltage
100 nV/mo Typ

e Input Bias Current ... 30 pA Max at 25°C

e Differential Voitage Amplification Over Full
Temperature Range ... 120 dB Min

macromodel - applies to LTC1052, LTC7652
.SUBCKT LTC1052 1 2 34 5

*

Cl 11
c2 6
DC 5
DE 54
DLP 90
DLN 92
DP 4
EGND 99
FB 7
GA 6
GCM 0
1ss 3
HLIM 90
Jl 11
J2 12
R2 6
RD1 4
RD2 4
RO1 8
RO2 7
RP 3
RSS 10
VB 9
vc 3
VE 54
VLIM 7
VviP 91
VLN 0
.MODEL DX

.MODEL JX

12
7
53
5
91
90

92

3.804E-12
20.00E-12
DX
DX
DX
DX
DX

Common-Mode Rejection Ratio Over Full
Temperature Range ... 120 dB Min

Supply Voltage Rejection Ratio Over Full
Temperature Range ... 120 dB Min

Single-Supply Operation from 4.75Vto 16 V
(Input Voltage Range Extends to Ground)

External Capacitors Can Be Returned to
Vpp - with No Noise Degradation

POLY(2) (3,0) (4,0) 0 .5 .5
POLY(5) VB VC VE VLP VLN O 1.342E9 -2E9 2E9 2E9 -2E9

11 12 125.7E-6
10 99 25e-12
DC 56.00E-6
VLIM 1K

10 Jx

10 Jx
100.0E3
7.958E3
7.958E3

165

165

6.667E3
3.571E6

DC 0

DC .9

DC .8

DC 0

DC 3.100

DC 3.100

D(IS=800.0E-18)
PJF (IS=500.0E-15 BETA=564.0E-6 VTO=-.19)

Macromodels, simulation models, or other models

provided TI, directly or indirectly, are not
Ti as ful all of th

the

I a
specifications and operati

8

characteristics of the
semiconductor product to which the model relates.

ixas X9
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Table 2. Macromodel Supply Voltage Considerations

SUPPLY VOLTAGE SUPPLY VOLTAGE MACROMODEL
DEVICE TYPE IN DATA SHEET USED FOR MACROMODEL DATA MANUAL
v) v) PAGE NO.
ICL7652 t5 +5 7t
LF347 +15 +15 3-4
LF351 +15 +15 35
LF353 +15 +15 36
LF411C +15 +15 37
LF412C +15 +15 3-8
LM101A +15 +15 39
LM107 +15 +15 3-10
LM301A +15 +15 3-11
LM307 +15 +15 3-12
LM308 +15 +15 313
LM318 +15 £15 3-14
LM324 +5 +5 3-15
LM348 +15 +15 3-16
LM358 +5 +5 3-17
LT1001 +15 +15 3-18
LT1007 +15 +15 3-19
LT1008 +15 +15 3-20
LT1012 +15 +15 3-21
LT1013 +15,5 +15 322
LT1028 +15 +15 3-23
LT1037 +15 +15 3-24
LTC1052 +5 +5 st
MC1458 +15 +15 3-26
MC3403 +15,5 +15 3-27
NE5534 +15 +15 3-28
OP-07C +15 +15 3-29
OP-07D +15 +15 3-30
OP-07E +15 +15 3-31
oP-27C 15 +15 3-32
OP-27E +15 +15 3-33
OP-27G +15 +15 3-34
OP-37A +15 +15 3-35
RC4136 +15 +15 3-36
RC4558 +15 +15 3-37
RC4559 +15 +15 3-38
TLO22C 15 +15 3-39
TLO31 +15,+5 +15 3-40
TLO32 +15,+5 +15 3-41
TLO34 +15,+5 +15 3-42
TLO44C +15 +15 3-43
TLO51 +15,+5 +15 3-44
TLO52 +15,+5 +15 3-45

tThe original macromodel has been entirely replaced by the macromodel in this errata.




Table 2. Macromodel Supply Voltage Considerations (continued)

SUPPLY VOLTAGE SUPPLY VOLTAGE MACROMODEL

DEVICE TYPE IN DATA SHEET USED FOR MACROMODEL DATA MANUAL
V) v) PAGE NO.

TLO54 +15,+5 +15 3-46
TLO60 +15 +15 3-47
TLO61 £15 +15 3-48
TLO62 +15 +15 3-49
TLOB4 +15 +15 3-50
TLOB6C +15 +15 3-51
TLO70 +15 +15 3-52
TLO71 +15 +15 3-53
TLO72 +15 +15 3-54
TLO74 +15 +15 3-55
TLO75 +15 +15 3-56
TLO8O +15 +15 3-57
TLOS1 +15 £15 3-58
TLO82 +15 +15 3-59
TLO83 +15 +15 3-60
TLOS4 +15 +15 3-61
TLO85 +15 +15 3-62
TLO87 +15 £15 363
TLO8S +15 +15 3-64
TL136C +15 +15 ot
TL287 +15 +15 3-66
TL288 +15 +15 3-67
TL321C +15 +15 3-68
TL322C +15,5 +15 3-69
TLC251C (H) 10,1.4 10 10t
TLC251C (L) 10,1.4 10 3-71
TLC251C (M) 10,1.4 10 3-72
TLC252C 10, 1.4 10 11t
TLC254C 10, 1.4 10 12t
TLC25L2C 10, 1.4 10 3-75
TLC25L4C 10,1.4 10 3-76
TLC25M2C 10,1.4 10 377
TLC25M4C 10, 1.4 10 378
TLC271C (H) 10,5 10 13t
TLC271C (L) 10,5 10 3-80
TLC271C (M) 10,5 10 14t
TLC272 10,5 10 15t
TLC274 10,5 10 16t
TLC277 10,5 10 17t
TLC279 10,5 10 18t
TLC27L2 10,5 10 3-86
TLC27L4 10,5 10 3-87
TLC27L7 10,5 10 3-88

tThe original macromodel has been entirely replaced by the macromodel in this errata.
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TL136C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 ~ REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: +15V
e Continuous-Short Circuit Protection e No Latch-Up
e Wide Common-Mode and Differential e Unity-Gain Bandwidth ... 3 MHz Typ

Voltage Ranges e Gain and Phase Match Between Amplifiers
o No Frequency Compensation Required

e Low Power Consumption

macromodel — applies to TL136C

.SUBCKT TL136 12345
*
Cl 11 12 3.460E-12
c2 6 7 20.00E-12
DC 5 53 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX
pP 4 3 DX
EGND 99 0 POLY(2) (3,0) (4,0) 0 .5 .5
FB 7 99 POLY(5) VB VC VE VLP VLN O 6.96E6 -4E6 4E6 4E6 -4E6
GA 6 0 11 12 377.0E-6
GcM 0 6 10 99 11.92E-9
IEE 3 10 DC 40.08E-6
HLIM 90 0 VLIM 1K
Q1 11 2 13 QX
Q2 12 1 14 QX
R2 6 9 100.0E3
RC1 4 11 2.653E3
RC2 4 12 2.653E3
RE1 13 10 1.357E3
RE2 14 10 1.357E3
REE 10 99 4.990E6
RO1 8 5 125

RO2 7 99 125

RP 3 4 24.79E3
VB 9 0DCO

vc 3 53 DC 2.700
VE 54 4 DC 2.700
VLIM 7 8DCO
VviP 91 0 DC 25
VLN 0 92 pC 25

.MODEL DX D(IS=800.0E-18)
.MODEL QX PNP (1S=800.0E-18 BF=500)
.ENDS

provided by Ti, directly or indirectly, are not
warranted by Ti as fully representing all of the
operaling of the

and F)(AS
semiconductor product to which the model relates. I NSTRUMENTS
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TLC251C (HIGH BIAS)
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 - REVISED JULY 1980

e Wide Range of Supply Voitages
14Vto16V

SUPPLY VOLTAGE CONDITIONS: 10 V

e Common-Mode Input Voitage Range Includes
the Negative Rall

e True Single-Supply Operation e Low Noise ... 30 nVWHz Typ at 1 kHz

macromodel - applies to TLC251, TLC251A, TLC251B
.SUBCKT TLC251H 1 234 5

*

Cl
c2
DC
DE
DLP
DLN
DP
EGND
FB
GA
GCM
IS8
HLIM
Jl

RD1
RD2
RO1
RO2
RP
RSS
VB
vc
VE
VLIM
VLP
VLN
.MODEL
.MODEL
.ENDS

11
6

'd

o g
O 4 b WOOWIO&™&

DX
JX

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

2,591E-12
20.00E-12

DX

DX

DX

DX

DX

POLY(2) (3,0) (4,0) 0 .5 .5
POLY(5) VB VC VE VLP VLN 0 1.635E6 -4E6 4E6 4E6 -4E6
11 12 163.4E-6
10 99 13.04E-9
DC 90.00E-6
VLIM 1K

10 JxX

10 Jx

100.0E3
6.121E3
6.121E3

250

15

10.00E3
2.222E6

DC 0

DC 1.400

DC 1.400

bCc 0

DC 15

DC 15

D(1S=800.0E-18)
PJF (18=500.0E-15 BETA=593.1E-6 VTO=-.219)

Macromode
provided TI, directly or Indirectly, are not
T as tull all of th

is, simulation models, or other models ‘ Copyright © 1990, Texas Instruments Incorporated

8
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TLC252C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 — REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: 10 V

o A-Suffix Versions Offer 5-mV V| e True Single-Supply Operation
o B-Suffix Versions Offer 2-mV V|g e Common-Mode Input Voltage Includes the
o Wide Range of Supply Voltages Negative Rall

14Vio 16V e Low Noise ... 25nVANHz Typatf = 1kHz

macromodel — applies to TLC252, TLC252A, TLC252B

.SUBCKT TLC252C 1 23 4 5
*
Cl 11 12 2.591E-12
c2 6 7 20.00E-12
DC 5 53 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX
DP 4 3 DX
EGND 99 0 POLY(2) (3,0) (4,0) 0 .5 .5
FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.635E6 -4E6 4E6 4E6 -4E6
GA 6 011 12 163.4E-6
GCM 0 6 10 99 13.04E-9
1ss 3 10 DC 90.00E-6
HLIM 90 0 VLIM 1K
J1 11 2 10 X
1

J2 12 10 Jx
R2 6 9 100.0E3
RD1 4 11 6.121E3
RD2 4 12 6.121E3
RO1 8 5 250

RO2 7 99 75

RP 3 4 10.00E3
RSS 10 99 2.222E6
VB 9 0DCO

vC 3 53 DC 1.400
VE 54 4 DC 1.400
VLIM 7 8 DC O

VLP 91 0 DC 15

VLN 0 92 DC 15
.MODEL DX D(IS=800.0E-18)
.MODEL JX PJF (IS=500.0E-15 BETA=593.1E-6 VTO=-.219)

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
men‘l‘lbzy I]!, dlnﬂ:}ly or Indinl:ltﬂv, "":1 'I.u(
warrante 1 as representing 3 o
and operatin Ttcs o the EXAS
semiconductor product to which the model relates. INSTRUMENTS

POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 1 1



TLC254C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 - REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: 10 V

® A-Suffix Versions Offer 5-mV Vg
e B-Suffix Versions Offer 2-mV V|o

e Wide Range of Supply Voltages
14Vto16V

True Single-Supply Operation

Common-Mode Input Voltage Includes the
Negative Rail

Low Noise ... 25 nVAHz Typatf = 1kHz

macromodel — applies to TLC254, TLC254A, TLC254B

.SUBCKT TLC254C 1 2 3 4 5
*

Cc1 11 12 2.591E-12

c2 6 7 20.00E-12

DC 5 53 DX

DE 54 5 DX

DLP 90 91 DX

DLN 92 90 DX

DP 4 3 DX

EGND 99 0 POLY(2) (3,0)

(4,0) 0 .5 .5

FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.635E6 -4E6 4E6 4E6 -4E6

GA 6 011 12 163.4E-6
GCM 0 6 10 99 13.04E-9
1ss 3 10 DC 90.00E-6
HLIM 90 O VLIM 1K
Jl 11 210 X

1

J2 12 10 Jx
R2 6 9 100.0E3
RD1 4 11 6.121E3
RD2 4 12 6.121E3
RO1 8 5 250
RO2 7 99 75
RP 3 4 10.00E3
RSS 10 99 2.222E6
VB 9 0DCO
vC 3 53 DC 1.400
VE 54 4 DC 1.400
VLIM 7 8DCO
VIP 91 0 DC 15
VLN 0 92 DC 15
.MODEL DX D(IS=800.0E-18)
-MODEL JX

-ENDS

PJF (I1S=500.0E-15 BETA=593.1E-6 VTO=-.219)

cromodels, simulation models, or other moul:
mvll“ b‘y'ﬂ directly or indirectly,
T as tully ripmomlnq lll nl nu
of the
semiconductor pmdua to wgm the mode! nlam

Copyright © 1990, Texas Instruments Incorporated

EXAS
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TLC271C (HIGH BIAS)
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 - REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: 10V

o Input Offset Voltage Drift ... 0.1 pV/moTyp,
Including the First 30 Days

e Wide Range of Supply Voitages over
Specified Temperature Range:
-55°Ct0125°C ... 5Vto 16 V
-40°Cto85°C ... 4Vto 16V
0°Cto70°C ... 3Vto 16V

e Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

® LowNoise ... 25nVVHzatf = 1kHz

e Output Voltage Range Includes Negative Rail
e High Input Impedance ... 102 Q Typ

e ESD-Protection Circuitry

o Smali-Outline Package Option Also Avalilable
in Tape and Reel

¢ Designed-in Latch-Up Immunity

macromodel — applies to TLC271, TLC271A, TLC271B

.SUBCKT TLC271H 1 2 3 4 5
*

Cl 11 12 4.693E-12

c2 6 7 20.00E-12

DC 5 53 DX

DE 54 5 DX

DLP 90 91 DX

DLN 92 90 DX
DX
POLY (2) (3,0)
11 12 175.9E-6
10 99 19.786E-9
1ss 3 10 DC 92.00E-6
HLIM 90 O VLIM 1K
Jl 11 2 10 JX

1

3
0 (4,0) 0 .5 .5
FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.354E6 -3E6 3E6 3E6 -3E6
0
6

J2 12 10 Jx

R2 6 9 100.0E3

RD1 4 11 5.684E3

RD2 4 12 5.684E3

RO1 8 57175

RO2 7 99 75

RP 3 4 10.53E3

RSS 10 99 2.174E6

VB 9 0DCO

vc 3 53 DC 2.200

VE 54 4 DC .7

VLIM 7 8DCO

VLP 91 0 DC 25

VLN 0 92 pC 25

MODEL DX D(IS=800.0E-18)
.MODEL JX PJF (IS=350.0E-15 BETA=672.8E-6 VTO=-.195)
.ENDS

Macromodsis, simulation models, or other models
T, directly or indirectly, are not
Ti as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the modsl reiates.

Copyright © 1990, Texas Instruments incorporated
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TLC271C (MEDIUM BIAS)
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 - REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: 10 V

e Input Offset Voltage Drift . ..
Including the First 30 Days

e Wide Range of Supply Voltages over
Specified Temperature Range:

0.1 uV/moTyp,

-55°Ct0125°C ... 5Vto16V
~40°Cto85°C ... 4Vto 16V
0°Cto70°C ... 3Vto 16V

e Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

e o o

32nVAHzatf = 1 kHz
Output Volitage Range Includes Negative Rail
1012 Typ

Low Noise ...

High Input Impedance ...
ESD-Protection Circuitry

Smali-Outline Package Option Also Available in
Tape and Reel

Designed-in Latch-Up Immunity

macromodel - applies to TLC271, TLC271A, TLC271B

.SUBCKT TLC271M 1 2 3 4 5
*

Cl1 11 12 6.62E-12

c2 6 7 20.00E-12

DC 5 53 DX

DE 54 5 DX

DLP 90 91 DX

DLN 92 90 DX

DP 4 3 DX

EGND 99 0 POLY(2) (3,0) (4,0) 0 .5 .5

FB 7 99 POLY(5) VB VC VE VLP VLN 0 33.77E6 -90E6 90E6 90E6 -90E6

GA 6 0 11 12 54.66E-6

GCM 0 6 10 55 2.i8iE-5

Iss 3 10 DC 11.20E-6

HLIM 90 0 VLIM 1K

J1 11 2 10 JX

J2 12 1 10 JX

R2 6 9 100.0E3

RD1 4 11 18.29E3

RD2 4 12 18.29E3

RO1 8 575

RO2 7 99 75

RP 3 4 69.9E3

RSS 10 99 17.86E6

VB 9 0DCO

vc 353 DC 2

VE 54 4 DC .7

VLIM 7 8DCO

VLP 91 0 DC 25

VLN 0 92 DC 25
.MODEL DX D (IS=800.0E-18)
.MODEL JX PJF (IS=350.0E-15 BETA=533.6E-6 VTO=-.035)
.ENDS

Hnrmmdll: simulation models, or other models
provided b dirmly or indirectly, are nnl
all of

fully
spmllmlons and onlmlng :I\lract-ﬂtlla el lhc
semiconductor product to which the mode) relates.

14
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TLGC272
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 — REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: 10 V

o Input Offset Voltage:
TLC272B ... 2 mV Max at 25°C,
Vpp=5V

e Input Offset Voltage Drift ... 0.1 uV/mo
Typ, Including the First 30 Days

e Wide Range of Supply Voitages over
Specified Temperature Range:
-55°Cto 125°C ...4Vto 16V
-40°Cto85°C ... 4Vto16V
0°Cto70°C ... 3Vto16 V

Single-Supply Operation

e Common-Mode Input Voltage Range Extends
Below the Negative Rail (C-Suffix, I-Suffix

Types)
e LowNoise ... 25 nV/VHzatf = 1kHz
e Output Voltage Range Includes Negative Rail
e High Input Impedance ... 10120 Typ
e ESD-Protection Circuitry

e Small-Outline Package Option Also Available
in Tape and Reel

e Designed-in Latch-Up Immunity

macromodel — applies to TLC272, TLC272A, TLC272B

.SUBCKT TLC272 12345
*

Cl 11 12 4.693E-12

c2 6 7 20.00E-12

DC 5 53 DX

DE 54 5 DX

DLP 90 91 DX

DLN 92 90 DX

DP 4 3 DX

EGND 99 0 POLY(2) (3,0) (4,0) 0 .5 .5
FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.354E6 -3E6 3E6 3E6 -3E6

GA 6 011 12 175.9E-6
GCM 0 6 10 99 19.786E-9
1ss 3 10 DC 92.00E-6
HLIM 90 0 VLIM 1K

J2 12 10 Jx
R2 6 9 100.0E3
RD1 4 11 5.684E3
RD2 4 12 5.684E3
RO1 8 57175

RO2 7 99 75

RP 3 4 10.53E3
RSS 10 99 2.174E6
VB 9 0DCO
vc 3 53 DC 2.200
VE 54 4 DC .7
VLIM 7 8DCO
VP 91 0 DC 25
VLN 0 82 bC 25

.MODEL DX D(IS=800.0E-18)

.MODEL JX PJF (1S=350.0E-15 BETA=672.8E-6 VTO=-.195)

.ENDS

Macromodels, simulation models, or other models
provided T, directly or indirectly, are not
warraated by T as full represeating all of t:l

and operatin the
samiconductor product to v’lm the model relates.

Copyright © 1990, Texas Instruments Incorporated

Texas
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TLC274
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 - REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: 10 V

e [nput Offset Voltage:
TLC274B ... 2 mV Max at 25°C,
Vpp=5V
e Input Offset Voltage Drift ... 0.1 pV/mo
Typ, Including the First 30 Days

e Wide Range of Supply Voltages over
Specified Temperature Range:
-55°Ct0125°C ... 4Vto 16V
-40°Ct085°C ... 4Vto16V
0°Cto70°C ... 3Vto 16V

e Single-Supply Operation

Common-Mode Input Voltage Range Extends
Below the Negative Rail (C-Suffix, I-Suffix

Types)
Low Noise ... 25 nVWHzatf = 1kHz
Output Voltage Range Includes Negative Rail
High Input Impedance ... 1012 Q Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

Designed-In Latch-Up Immunity

macromodel — applies to TLC274, TLC274A, TLC274B

.SUBCKT TLC274
*
C1 11 12 4.693E-12
c2 6 7 20.00E-12
DC 5 53 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX
DP 4 3 DX
EGND 99 0 POLY(2)

12345

(3,0)

(4,0) 0 .5 .5

FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.354E6 -3E6 3E6 3E6 -3E6

GA 6 011 12 175.9E-6
GCM 0 6 10 99 19.786E-9
Iss 3 10 DC 92.00E-6
HLIM 90 0 VLIM 1K
Jl 11 2 10 JX

1

J2 12 10 JXx

R2 6 9 100.0E3

RD1 4 11 5.684E3

RD2 4 12 5.684E3

RO1 8 57175

RO2 7 99 75

RP 3 4 10.53E3

RSS 10 99 2.174E6

VB 9 0DCO

vc 3 53 DC 2.200

VE 54 4 DC .7

VLIM 7 8 DCO

VIP 91 0 DC 25

VLN 0 92 DC 25
MODEL DX D{IS=80C.CE-18
MODEL JX PJF (IS=3
.ENDS

Macromodels, simulation models, or other models
provided T\, directly or indirectly, are not

T as tully g all of the
specifications and nnll’lliﬂg characteristics of the
semiconductor product to which the model relates.

Exas WP

INSTRUMENTS
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TLC277
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 - REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: 10 V

e Trimmed Offset Voltage ... 500 uV Max
at25°C,Vpp = 5V
e Input Offset Voltage Drift ... 0.1 pV/mo

Typ, Including the First 30 Days
e Wide Range of Supply Voltages over

Specified Temperature Range:
-55°Cto 125°C ...4Vto 16V
-40°Cto85°C ... 4Vto16V

0°Cto70°C ... 3Vto 16V

o Single-Supply Operation
e Common-Mode Input Voltage Range

Extends Below the Negative Rail (C-Suffix,

|-Suffix Types)

macromodel — applies to TLC277

.SUBCKT TLC277 12345
*
Cl 11 12 4.693E-12
c2 6 7 20.00E-12
DC 5 53 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX
DP 4 3Dpx
0 POLY(2) (3,0) (4,0) 0

EGND 99
FB 7
GA 6 011 12 175.9E-6
GCM 0 6 10 99 19.786E-9
188 3 10 DC 92.00E-6
HLIM 90 0 VLIM 1K
Jl 11 2 10 JX

1

J2 12 10 Jx
R2 6 9 100.0E3
RD1 4 11 5.684E3
RD2 4 12 5.684E3
RO1 8 585

RO2 7 99 85

RP 3 4 10.53E3
RSS 10 99 2.174E6
VB 9 0DCO

vc 3 53 DC 2.200
VE 54 4 DpC .7
VLIM 7 8DC O
VLP 91 0 DC 20
VLN 0 92 pC 20

-MODEL DX D(IS=800.0E-18)

25 nVNHz atf = 1kHz
e Output Voltage Range Includes Negative Rail
1012 Typ

e LowNoise ...

e High Input Impedance ...
e ESD-Protection Circuitry

o Small-Outline Package Option Also Available
in Tape and Reel

e Designed-In Latch-Up Immunity

.5 .5
99 POLY(5) VB VC VE VLP VLN 0 1.221E6 -3E6 3E6 3E6 -3E6

.MODEL JX PJF (I1S=350.0E-15 BETA=672.8E-6 VTO=-.19)

Macromodels, simulation models, or other mollls
provided by TI, directly or Idlm:\ly are not
warranted Yl n mn rlpmlnlln' all o! Inl

umlwnlnml mlun ) v:lcn the model nmn

xas W

INSTRUMENTS

Copyright © 1990, Texas Instruments Incorporated
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TLC279
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 — REVISED JULY 1980

SUPPLY VOLTAGE CONDITIONS: 10 V

e Trimmed Offset Voltage ... 900 uV Max e LowNoise ... 25nVAWHzatf = 1kHz

at25°C,Vpp =5V

e Input Offset Voltage Drift ... 0.1 uV/mo
Typ, Including the First 30 Days

e Wide Range of Supply Voltages over

e Output Voltage Range Includes Negative Rail
e High Input Impedance ... 1012 Q Typ
e ESD-Protection Circuitry

Specified Temperature Range: e Small-Outline Package Option Also Available
-55°Ct0125°C ...4Vto16V in Tape and Reel

-40°Ct085°C ... 4Vto 16V
0°Cto70°C ... 3Vto 16V

e Designed-in Latch-Up Immunity

o Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,

I-Suffix Types)

macromodel — applies to TLC279
.SUBCKT TLC279 12345

*

C1 11 12 4.693E-12
c2 6 7 20.00E-12
DC 5 53 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX
DP 4 3 DX
EGND 99 0 POLY(2) (3,0) (4,0) 0 .5 .5
FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.221E6 -3E6 3E6 3E6 -3E6
GA 6 0 11 12 175.9E-6
GCM 0 6 10 99 19.786E-9
Iss 3 10 DC 92.00E-6
HLIM 90 0 VLIM 1K
Jl 11 2 10 JX
J2 12 1 10 JXx
R2 6 9 100.0E3
RD1 4 11 5.684E3
RD2 4 12 5.684E3
RO1 8 5 85
RO2 7 99 85
RP 3 4 10.53E3
RSS 10 99 2.174E6
VB 9 0DCO
vC 3 53 DC 2.200
VE 54 4 DpC .7
VLIM 7 8 DC O
VP 91 0 DC 20
VLN 0 92 DC 20
.MODEL DX D(IS=800.0E-18)
.MODEL JX PJF (IS=350.0E-15 BETA=672.8E-6 VTO=-.19)
.ENDS
Macromodels, simulation models, or other modeis Copyright © 1990, Texas Instruments Incorporated
provided T1, directly or indirectly, are not
specifications I:m.:u'l“rlallng :nanmv'ln'hl:lx ';'1 ::: TE-XAS
semiconductor product o which the model relates. IN STRUMENTS
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TLC2201

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 - REVISED JULY 1990

25 nVWHz Max at f = 10 Hz

SUPPLY VOLTAGE CONDITIONS: +5V
e TLC2201B is 100% Tested for Noise: e Low Input Bias Current ... 1 pA Typ

12nVANHz Max at f = 1 kHz

atTp = 25°C

e Fully Specified for Both Single-Supply and

e Low Input Offset Voltage ... 200 uV Max Split-Supply Operation
e Excellent Offset Voltage Stability with e Common-Mode Input Voitage Range Includes
Temperature ... 0.5 pv/°C Typ the Negative Rail

macromodel — applies to TLC2201, TLC2201A, TLC2201B
.SUBCKT TLC2201 12345

*

C1 11
c2 6
DC 5
DE 54
DLP 90
DLN 92
DP 4
EGND 99
FB 7
GA 6
GCM 0
Iss 3
HLIM 90
J1 11
J2 12
R2 6
RD1 4
RD2 4
RO1 8
RO2 7
RP 3
RSS 10
VB 9
vC 3
VE 54
VLIM 7
vip 91
VLN 0
.MODEL DX
-MODEL JX

.ENDS

12
7
53
5
91
90
3
0
99
0
6
10

92

4.004E-12

20.00E-12

DX

DX

DX

DX

DX

POLY(2) (3,0) (4,0) 0 .5 .5

POLY(5) VB VC VE VLP VLN 0 2.440E6 -2E6 2E6 2E6 -2E6

11 12 113.1E-6
10 99 601.1E-12
DC 54.00E-6
VLIM 1K

10 Jx

10 Jx

100.0E3
8.842E3
8.842E3

188

187

9.091E3
3.704E6

DC 0

DC .9

DC .8

DC 0

DC 3

DC 3

D(1S=800.0E-18)
PJF (IS=500.0E-15 BETA=473.7E-6 VTO=-.18)

Macromadels, simulation models, or other moum

ity T o B Texas W9
umlconlluctor pmun to wglcn the modei nl:‘lu IN S’]"RU ME N‘]"S

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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TLC2652
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 — REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: +5V
Extremely Low Offset Voltage ... 1 uVMax e CMRRandkgyg ... 120dB Min

Extremely Low Change in Offset Voltage e Single-Supply Operation

with Temperature ... 0.003 pV/°C Typ o Common-Mode Input Voltage Range Includes
e Low Input Offset Current ... 500 pA Max the Negative Rail

- - O O
atTp = -55°Cto125°C o No Noise Degradation with External
e Ayp ... 135dB Min Capacitors Connected to Vpp -

macromodel — applies to TLC2652, TLC2652A

.SUBCKT TLC2652 1 2 3 45
*
Ccl 11 12 3.804E-12
c2 6 7 20.00E-12
DC 5 53 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX
DP 4 3 DX
EGND 99 O POLY(2) (3,0) (4,0) 0 .5 .5
FB 7 99 POLY(5) VB VC VE VLP VLN 0 1.342E9 -2E9 2E9 2E9 -2E9

0 DC 3.100

92 pC 3.100

.MODEL DX D (IS=800.0E-18)

_MODEL JX PJF (IS=500.0E-15 BETA=564.0E-6 VTO=-.19)
.ENDS

g

GA 6 011 12 125.7E-6
GCM 0 6 10 99 25E-12
I8s 3 10 DC 56.00E-6
HLIM 90 0 VLIM 1K
J1 11 2 10 JX
J2 12 110 XX
R2 6 9 100.0E3
RD1 4 11 7.958E3
RD2 4 12 7.958E3
RO1 8 5 165
RO2 7 99 165
RP 3 4 6.667E3
RSS 10 99 3.571E6
VB 9 0DCO
vC 3 53 DC .9
VE 54 4 DC .8
VLIM 7 8 DC 0
1
0

Macromedels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided TI, directly or indirectly, are not
warranted by T as fllll{ representing all of the
specifications and operating characteristics of the

TExAs
semiconductor product to which the model relates. IN STRUMENTS
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TLC2654
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990 ~ REVISED JULY 1990

SUPPLY VOLTAGE CONDITIONS: +5V

input Noise Voltage: e Ayp ... 135dB Min
0.5uVp-pTyp,f=0to1Hz

CMRR ... 110dB Min

1.5V p-pTyp,f = 010 10 Hz d

47 nVNHz Typ, f = 10 Hz ® KksyR --- 120dB Min

13 nVAHZ Typ, f = 1 kHz e Single-Supply Operation
® High Chopping Frequency ... 10 kHz Typ o Common-Mode Input Voitage Range Includes
e No Clock Noise Below 10 kHz the Negative Ralil
o No Intermodulation Error Below 5 kHz © No Noise Degradation with External

e Low Input Offset Voltage ... 10 uV Max

Capacitors Connected to Vpp -

e Excellent Offset Voitage Stability with
Temperature ... 0.3 uV/°C Max

macromodel — applies to TLC2654, TLC2654A
.SUBCKT TLC2654 12 3 4 5

*

c1 11
c2 6
DC 5
DE 54
DLP 90
DLN 92
DP 4
EGND 99
B 7
GA 6
GoM O
I88 3
HLIM 90
Jg 1
Jg2 12
R2 6
RD1 4
RD2 4
RO1 8
RO2 7
RP 3
RSS 10
vB 9
vc 3
VE 54
VLIN 7
vip 91
VIN O
.MODEL DX
.MODEL JX
.ENDS

12
7
53
5
91
90
3
0
99
0
6
10

92

4.004E-12
20.00E-12
DX
DX
DX
DX
DX
POLY(2) (3,0) (4,0) 0 .5 .5
POLY(5) VB VC VE VLP VLN 0 1.798E9 -1E9 1E9 1E9 -1E9
11 12 138.2k-6
10 99 154.73E-12
DC 40.00E-6
VLIM 1K
10 Jx
10 Jx
100.0x3
7.234K3
7.23483
165
165
6.667E3
5.000K6
0

.9

.8

]
3.100
3.100

888888

D (IS=800.0E-18)
PJF (IS=25.00E-12 BETA=955.4E-6 VTO=-1)

models, or other models Copyright © 1990, Texas Instruments Incorporated

» TExas
40 medel reates. INSTRUMENTS
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TI North

American Sales

tfices

ALABAMA:

Huntsville: (205) 837-7530
A :

Phoenix: &5%2) 995-1007
Tucson: (602) 292-2640

CAUFORNIA:
Irvine: (714) 660-1200
Roseville: (91

1

657”-9208
San Diego: (61 )275»9601
Santa A
Torrance: (21 ;z 77010
Woodiand : (818) 704-8100
COLORADO:
Aurw- (:03)3683000
Wllhgblﬂ (203)259-007‘
All-non 407) 2602116
A S (420
Tampa: (813) 885- ol
GEORGIA:
Noﬂ:mll (404) 662-7900
Anhmon Heights: (708) 640-2925

INDIANA:
C-'n-l (31 7* 573-6400
219) 482-3311

A

Cedar Rapids: (319) 395-9550

Overland Park: (913) 4514511

MARYLAND:

Columbla: (301) 964-2003

MASSACHUSETTS:

Waltham: (617) 895-9100

MICHIGAN:

Farmis s: g‘gg 553-1500
(616) 957-4200

stl.auh (314)994 -2100
I-ﬂn (201)7501050
NEW

buqum;n (505) 345.2555
NEW YORK:

(315) 463-9291
A
Pittsford: (716) 3856770
Charlotte: (704& 527-0933
Raleigh: (919) 876-2725
Beachwood: (2|63 464-6100
Beavercreek: (513) 427-6200
OREGON:

Beaverton: (503) 643-6758
PENNSYLVANIA:

Biue Bell: (215) 825-9500
PUERTO RICO:

Hato Rey: (809) 753-8700
TENNESSEE:

Johman City: (615) 461-2192

TEX,
Austin: (512) 250-7655
Dallas: ( 14?917—‘264

qum (713) 778-6592

uumy (801) 266-8972

WASHINGTON:

Redmond: (206) 861- %80
WISCONSIN:

Waukesha! (414) 782.2898

Swn (613) 726-1970

Fiemond Hill: {415 8849181

-8392.

St. Laurent: (514)

o Instruments Incomorared

TI Regional

Technology
Centers

CALIFORMNIA: kvine: (714) 660-8140
Santa Clara: (408) 748-2220

GEORGIA: Norcroes: (404) 662-7950
|LLNGS Arfington Heights: (708) 640-2909
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cmsens Waltham: (617) 895-9196

HEXK.‘O: Mexico City: 491-70834
MINNESOTA: Minneapolis: (612) 828-9300
TEXAS: Dalies: (214) 917-3881
CANADA: Nepean: (613) 726-1970

T1 Authorized
North American

Distributors

Alliance Electronics, Inc.
Almac Electronics
Arrow/Kierulft Electronics Group
Arrow (Canada)

Future Elocum (CM)

Components
Rochester Electronics, Inc. (absolete product only)

TI Distributors

}205; usumo Marshait (éﬁ) 88 |7§62§5m
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1283;4371200 Marshall (602] “j 496-0290; Schweber

310000 72009
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s.n
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(AOJ)& 7171; Wyle (40&)7 7-2500; Zeus

(400)629 789.

CONNECTICUT: Arow/Ki 2657741
Hall-Mark (20!? 27 -29“: Mlitill 1203) 265-3822;
Sdmbw

FLORIDA: L.‘m it (305)
429-8200; Hall-Mark (305) 97\»92!0 W )
977-4880; Sdlmv( ) 977-7511;
Orlando: A; ; -9300; HCIMIK;MW)
830-5855; Malsbdl ‘40_‘75 76 8585; Schweber (40
321.758E: Zau:
-V? HMM (813] 5" 7‘40 Marshall (813)
573-1399; samn(u(e)‘s) 541-5100. ©19
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(404) 4489170
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8779875 frisadep i AR - S S-S
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3731417,
KANSAS: AmowKienult (913) 541.9542: Halt Mark (913)
8884747; Marshall (913) 492'3121; Schwaber (913)
492-2022.

MARYLAND: Arow/Kiecult (301) 995-6002;Hal Mark

E ; m‘ 822 H‘B Schweber
(301) 596-7800; Zeus (301)
MASSACHUSETTS: Nmﬁ(nm 658-0900;
Hall-Mark (617) 867-0802; W%ﬁﬂ;ml
m )msmo Wyle (617) 272.7300; Zeus
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MISSOURI: Arow/Kienulft s 14) 567-6888; Hall-Mark
i!“‘”! -5350; Marshall (314) 291-4650; Schweber

NEW HAMPSHIRE: Schweber (603) 625-2250.

FEmsuae

%0

NEW MEXICO: Alliance (505) 292-3360.

NEW YORK: Long Isisnd: Arow/Kierultt (5‘6)
231-1000; Hal-Mark (516) 737-0600; Marshall (516)
2734‘24 Schweber (516) 231-2500; Zeus (914)

(g’ 18) 427-0300; Hal-Mark

} 3425-3@0 W 16) 235-7620; Schweber
: Marshall (607) 79046"
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advises its customers to obtain the latest version
of the relevant information to verify, before plac-
ingorders, that the information being relied upon
Is current
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