







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
nPOWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

GAIN-BANDWIDTH PRODUCT

GAIN-BANDWIDTH PRODUCT

Vs VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
7 T 7 —T" T T L T
f = 100 kHz N Veet: = t20V f= 100 kHz
Rp = 10kQ N Rp = 10kQ
N g6} CL = 100pF N 66 CL = 100 pF _|
= TA = 25°C _— E | \'Q\ See Figure 3
! See Figure 3 / 1 Voo = £15 V\\
3 62 = § 62 I~ §
o / = ~ \
o a
F ™ \ \
5 £ ™S
_§ 5.8 / 7 _g 58 v v
8 8 cct = 15 \\
£ £
3 54 3 54
5 5
0 4 8 12 16 20 -75 -50 -25 0 25 50 75 100 125
IVcc+ | — Supply Voltage — V TA — Free-Air Temperature — °C
Figure 32 Figure 33
PHASE MARGIN PHASE MARGIN
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
74° —T 78° T T
Avp=5 Avp = 5
7301 R = 10kQ " §\ RL = 10kQ
CL = 100 pF 7 \ CL = 100 pF ]
. Ta = 25°C \ See Figure 3
c 72°F gee Figure 3 T £ o \\ |
) L B B N 1
5 5 N
= 710 ,Z = \ Ncct = 20V
§ / § 72° N N
i A s RWA
! Vecs = 5V \
£ 1 & ol P
69° k \\
68° \
68°
Voot = 215V \\
67° 66°
1] 2 4 6 8 10 12 14 16 18 20 -75 -50 -25 O 25 50 75 100 125
IVcct | — Supply Voltage - V. TA — Free-Air Temperature — °C
Figure 34 Figure 35
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
i
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
nPOWER OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION

macromodel information

Macromodel information provided was derived using PSpice® Parts™ model generation software. The Boyle
macromodel (see Note 5) and subcircuit in Figures 36 and 37 were generated using the TLE2161 typical
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key
parameters can be generated to a tolerance of 20% (in most cases):

Gain-bandwidth product
Common-mode rejection ratio
Phase margin

DC output resistance

AC output resistance
Short-circuit output current limit

Maximum positive output voltage swing
Maximum negative output voltage swing
Slew rate

Quiescent power dissipation

Input bias current

Open-loop voltage amplification

3
Vees L 4 ¥
rssg é¢ iss
< P
IN- % <+ 10 -
1 2
Ao "2
IN+ L 2
1 11 12
C1
rd1 rd2
4 54
Vee- h '+O— ¢

ve

Figure 36. Boyle Macromodel

NOTE5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).

PSpice is a registered trademark of MicroSim Corporation.
Parts is a trademark of MicroSim Corporation.

Macromodals, simulation modsls, or other models provided by Ti, directly

or indirectly, are not warranted by Tl as lulln reprasenting all of the

spacifications and product i

to which the model relates. T b
21285 INSTRUMENTS
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
pPOWER OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION

macromodel information (continued)
.subckt TLE2161 1 2 34 5

cl
c2
dec
de
dlp
dln
dp

vlim

vlp

vin
.model
.model
.ends

11
6
5

54

90

92

[id =
ORI WLOWNODELDON

o

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
(]
92

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb ve ve vlp vlin 0 4.085E6 -4E6 4E6 4E6 -4E6
11 12 201.1E-6

10 99 3.576E-9

dc 45.00E-6

vlim 1K

10 jx

10 jx

100.0E3

4.973E3

4.973E3

dec 50
de 50

D (Is=800.0E-18)
PJF (Is=1.000E-12 Beta=480E-6 Vto=-1)

Figure 37. Marcomodel Subcircuit

EXAS ‘!'P
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
pPOWER OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION
input characteristics

The TLE2161, TLE2161A and TLE2161B are specified with a minimum and a maximum input voltage that,
if exceeded at either input, could cause the device to malfunction.

Because of the extremely high input impedance and resulting low bias-current requirements, the TLE2161,
TLE2161A, and TLE2161B are well-suited for low-level signal processing; however, leakage currents on
printed circuit boards and sockets can easily exceed bias-current requirements and cause degradation in
system performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards
should be driven from a low-impedance source at the same voltage level as the common-mode input.

vi
Vo A/ —AMA—4
Vo
Ri R2 R3
= R4
where 3 . R2 = = <
R4 Ri

Figure 38. Use of Guard Rings
input offset voltage nulling
The TLE2161 series offers external null pins that can be used to further reduce the input offset voltage. The

circuit of Figure 39 can be connected as shown if the feature is desired. If external nulling is not needed, the
null pins may be left disconnected.

N2

N1

5kQ
Vee-

Figure 39. Input Offset Voltage Nulling

EXAS ‘QP
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TLE2227, TLE2227A
EXCALIBUR LOW-NOISE HIGH-SPEED
PRECISION DUAL OPERATIONAL AMPLIFIERS

D3959, SEPTEMBER 1991 — REVISED DECEMBER 1991

available features

® Outstanding Combination of DC Precision ® Available in 16-Pin Small-Outline Wide-Body
and AC Performance: Package
Unity-Gain Bandwidth ... 15 MHz Typ
Vp....33nVWHzatf = 10 Hz Typ,
2.5 nVNHz at f = 1 kHz Typ
Vio.---25uV Typ ® Macromodels and Statistical Information

e OQutput Features Saturation Recovery
Circuitry

Ayp. . . 45 VIV Typ With R = 2 kQ, Included
38 V/uV Typ With R = 1kQ
description
The TLE2227 and TLE2227A combine innovative LARGE-SIGNAL

circuit design expertise and high-quality process DIFFERENTIAL VOLTAGE AMPLIFICATION

control techniques to produce a level of ac FREQvleNCY
performance and dc precision previously @ 160 —_—
unavailable in dual operational amplifiers. These ° N\ Vecer = £15V
devices allow upgrades to systems that use lower- ,'; 140 NN RL=2ko —
precision devices and are manufactured using .—g \ CL = 100 pF
Texas Instruments state-of-the-art Excalibur g 120 N Ta= 25°C —
process. e \ \

E 100 N
In the area of dc precision, the TLE2227 and P Ayp = 153 dg\
TLE2227A offer a typical offset voltage of 25 pV, £ 80 N
a common-mode rejection ratio of 131 dB (typ), a S \ By = 15 MHz
supply voltage rejection ratio of 144 dB (typ), and 5 60 b 3
a dc gain of 45 V/uV (typ). 8 0 \ \

(3
Ac performance is highlighted by a typical unity- -E \ \
gain bandwidth specification of 15 MHz, 55° of 1 20 N
phase margin, and noise voltage specifications of e \
3.3 nVAHz and 2.5 nVAHz at frequencies of < o

e
-

1 10 100 1k 10k100k1M10M 100 M

f - Frequency — Hz
The TLE2227 and TLE2227A are available in a wide variety of packages, including the industry standard 16-
pin small-outline wide-body version for high-density system applications. The TLE2227 amd TLE2227A are
characterized for operation from 0°C to 70°C.

10 Hz and 1 kHz, respectively.

AVAILABLE OPTIONS

PACKAGE
T Vio v SMALL-OUTLINE | PLASTIC DIP
A AT 25°C :
(DW) (P)
TLE2227CP
0 10
0 °C to 70°C 25V TLE2227CDW TLE2227AGP

D packages are available taped and reeled. Add "R" suffix to device type
(e.g., TLE2227CDWR).

Products conform to specifications per the terms of Texas Instruments N STD.
standard warranty. Production processing does not necessarily include On products compliant to MIL-STD-883, Class B, all parameters

PRODUCTION DATR information is current as of publication date. ‘. Copyright © 1991, Texas Instruments Incorporated
’
testing of all paramsters.

are tested unless otherwise noted. On ‘aII other products,

E P g does not include testing of all
INS—I-RUMEN’IS parameters.
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TLE2227, TLE2227A
EXCALIBUR LOW-NOISE HIGH-SPEED
PRECISION DUAL OPERATIONAL AMPLIFIERS

P PACKAGE DW PACKAGE
(TOP VIEW) (TOP VIEW)
1OUTE1 US:IVCC+ NC[1 U16:| NC
1Nn-[2  7f20uT NC ]2 5[] NC
1N+[Ja  s[j2IN- 10uT[Js 14 vee,
Vee-[f+  s[]2IN+ TIN-[]4 13[]20UT
1IN+ []5 12[]2IN-
Veg-[s "mfJ2IN+
NC [J7 1o[]1 NC
NC [Js o] NC

NC — No internal connection

symbol (each amplifier)

IN + ouT
IN -

Texas “9
INSTRUMENTS
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equivalent schematic for 1 channel

Vee+

RO R15 RZO%
as R1 R4
Q2 Q10 [—{fmz o49‘:j_1 R25 Q61
R53
Q9
31‘* | oae:jj —G [-E ass
a13 Q30
}A’
Q3 Qi Q14 4
N ——
( L _}'IC R8 | R11 Ries Q38 1 4 ase
[

Q

N
S Q19 [ a2} ; Koss Lr:'057
IN+ : Q12 Q17 Q25 Q28 R17% Qa7 ouT
) PN ka8 N c3:=x :El[ L] ¥ oas
2 7 —t A L }1{052
3 IN=- _ c2 R13 L N Q48
17 it a7 Qs0 Q62
o} c4 N 7
m
E 04— Qs

§ ﬂ - Q24 @34 a
2 A
&a m koaa
§ Eg 9 Q21 Q54
3 Q15 Q51 - Q60
g el
Zm 026}—1»4{ Q20 } Fh:ms e E“
3 Z @22 Q31 —+a3s I_Kmo
2 Q16 $R24 R26
X ~7 R6 R73R10§ 3R12| |Ri4 R183 R19 3
3 R3 3 3
3
>
2

Vee-

Component Count: Transistors — 62  Capacitors — 4
Resistors — 24 Diodes — 0

[N
|
-
n
©
purd

SH3141TdINV TYNOILYH3IdO TvNd NOISIJIHd
(d33dS-HYIH ISION-MO1 HNdITvIX3
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TLE2227, TLE2227A

EXCALIBUR LOW-NOISE HIGH-SPEED
PRECISION DUAL OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (see Note 1) ... 22V
CSupply VOIRAGE, Vo Gm oo v -22V
Differential input voltage (see Note 2) ... ... .. . i e +1.2V
Input voltage range, Vi (any input) ... ... e Vee+
Input current, Ij (eachinput) ............... PN +1 mA
Output CUITENt, 10 . . . oo +50 mA
Total current into Vo terminal ... .. o 50 mA
Total current out of Voo_terminal. .. ........ .. . ... 50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) . ........ ... ... ... unlimited
Continuous total dissipation. ... ... ... .. i i i i See Dissipation Rating Table
Operating free-air temperature range, Tpo ... ... .o 0°C to 70°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or P package ............. 260°C

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vg, and Voo .
. 2

. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input
voltage in excess of approximately £1.2 V is applied between the inputs unless some limiting resistance is used.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Tp £25°C DERATING FACTOR Tp=70°C
POWER RATING  ABOVE Tp =25°C POWER RATING
DW 1025 mW 8.2 mW/°C 656 mW
P 1000 mW 8.0 mW/°C 640 mW
recommended operating conditions
MIN MAX | uNIT
Supply voltage, Voo + +4 +22 Vv
) Tp = 25°C 11 11
Common-mod t voltage, V
mon-mode input voltage, V|c TA = Follrange T 105 Y
Operating free-air temperature, Tp 0 70 °C

2-1292

ixas. W

INSTRUMENTS
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TLE2227C, TLE2227AC
EXCALIBUR LOW-NOISE HIGH-SPEED
PRECISION DUAL OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Voo + = * 15V (uniess otherwise noted)

TLE2227C TLE2227AC
U
PARAMETER TEST CONDITIONS TA MNP WMAX | WIN_ TYP  MAX UNIT
Vio Input offset voltage 25°C 25 25 %
Temperature coefficient of o
ayvio input offset voltage Full range 0.4 1 0.2 1 | pvreC
Input offset voltage 25°C 0.006 1 0.006 1| uw
long-term drift (see Note 4) Vic =0, Rg=50Q : ! pvimo
25°C 6 90 6 90
t t t
o Input offset curren Full range 156 150 nA
25°C 15 90 15 90
Input bias current
L nput bias cur Full range 150 150 nA
-1 -13 -1 -13
25°C to to to to
Common-mode input 11 13 11 i3
=50
VicR voltage range Rs @ —10.5 -105 v
Full range to to
10.5 10.5
. 3 R =1k 25°C 10.5 10.5
v Maximum positive peak Full range 10 10 v
OM + output voltage swing 25°C 12 12
Ry =2kQ :
Full range 11 11
) ) R =1ka 25°C |-105 -13 -105 -13
v Maximum negative peak Fullrange | - 10 -10 v
OM — output voltage swing R =2KO 25°C -12 -135 -12 -135
L= Fullrange | — 11 -1
Vo=211V, R =2kQ 25°C 5 45 5 45
Large-signal differential Vo=%210V, R; =2kQ |
AVD ge-sig differ o L Full range 2 2 VigV
voltage amplification 25°C 35 38 3.5 38
Vo=%10V, Ry =1kQ
Full range 1 1
Cj Input capacitance 25°C 8 8 pF
2o Open-loop output impedance | 1o =0 25°C 50 50 Q
C -modk Vic =V, in, o
CMRR ?mn.“uon m? e ic = Vicgr min 25°C 100 131 100 131 dB
rejection ratio Rg =50 Q Full range 98 98
v =+4Vto+18V,
RS B 25°C 94 144 94 144
K Supply-voltage rejection ratio | Rg = 50 Q dB
SVR  (AVeey ! AV Veor =1 P
cc+/AVio) cce=t4Vio18Y,
Rg = 50 O Full range 92 92
25'C 7.6 10.6 7.6 106
I Supply current Vo =0, No load A
cc PPy o Full range 12 2| ™

trul range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TEXAs {'i‘
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

2-1293



TLE2227C, TLE2227AC
EXCALIBUR LOW-NOISE HIGH-SPEED »
PRECISION DUAL OPERATIONAL AMPLIFIERS

operating characteristics at specified free-air temperature, Vcc+ = £15V

TLE2227C TLE2227AC

U
PARAMETER TEST CONDITIONS TA N TYP TAX BN TYP AR UNIT
25°C 1.7 2.8 1.7 2.8
= k C = 1

SR Slew rate R =2kQ, L =100 pF Fullrange e T3 Vius

Equivalent input noise Rg=100Q, f=10Hz o 3.3 8 33 8 I
Yoo yoitage Rg=1009Q, f=1KHz 25°C 25 45 25 45| e

-to-peak equivalent

VN(PP) Peakto-peak equivalent | ¢ 1 17 to 10 Hz 25°C 50 250 50 250 | Vv

input noise voltage

Equivalent input noise f=10Hz - 1.5 4 1.5 4
| 25°C VHz
n current ~1KHz 04 06 04 os | P

VO =%10 =
THD Total harmonic distortion © Vo AVD=1, 25°C < 0.002% <0.002%
See Note 5

By Unity-gain bandwidth RL=2kQ, Cp =100 pF 25°C 7 13 7 13 MHz

Maximum output-swing .
Bom bandwidth R =2kQ 25°C 30 30 kHz
om Phase margin . R =2kQ, Cy =100 pF 25°C 55° 55°

tFull range is 0°C to 70°C.
NOTE 5: Measured distortion of the source used in the analysis was 0.002%.

TEXas “.’P
INSTRUMENTS
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TLE2237, TLE2237A

EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION
NONCOMPENSATED DUAL OPERATIONAL AMPLIFIERS

D3957, SEPTEMBER 1991 — REVISED DECEMBER 1991

available features

o OQutstanding Combination of DC Precision (]
and AC Performance:
Gain-Bandwidth Product. .. 80 MHz Typ o
Vp...33nVAHz at f = 10 Hz Typ,
2.5 nVAHz at f = 1 kHz Typ
Vio - - - 25 pV Max o
Ayp . . .45 V/uV Typ With R = 2 kQ,
38 V/uV Typ With R = 1 kQ

description

The TLE2237 and TLE2237A combine innovative
circuit design expertise and high-quality process
control techniques to produce a level of ac
performance and dc precision previously
unavailable in dual operational amplifiers. Using
the Texas Instruments state-of-the-art Excalibur
process, these devices allow upgrades to
systems that use lower-precision devices.

The TLE2237 and TLE2237A are
noncompensated versions of the TLE2027 and
TLE2027A. The devices are stable to a closed-
loop gain of 5. In the area of dc precision, both
devices offer an input offset voltage of 25 puV
(typ), a common-mode rejection ratio of 131 dB
(typ), a supply voltage rejection ratio of 144 dB
(typ), and a dc gain of 45 V/uV (typ).

The ac performance is highlighted by a typical
gain-bandwidth product specification of 80 MHz,
50° of phase margin, and noise voltage
specifications of 3.3 nV/YHz and 2.5 nVAHz at
frequencies of 10 Hz and 1 kHz, respectively.

Available in 16-Pin Small-Outline Wide-Body
Package

Output Features Saturation Recovery
Circuitry

Macromodeis and Statistical Information
Included

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY
% 160 T T T
1 \ vCCt = 15V
g 140 RL= 2kQ —
= CL = 100 pF
S 120 Ta = 25°C
%l 1\
E 100 \
g Ayp = 153 dB
S 80
o /
>
T 60
g GBP
& 40
= N
120
o \
>
< 0
04 1 10 100 1k 10k 100k 1M10M100 M

f - Frequency - Hz

The TLE2237 and TLE2237A are available in a wide variety of packages, inciuding the industry standard 16-
pin small-outline wide-body version for high-density system applications. The TLE2237 and TLE2237A are

characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGE
Vio typ
TA AT 25°c | SMALL-OUTLINE | PLASTIC DIP
(DW) (P)
TLE2237CP
[ 10 il
0 °C to 70°C 25 Vv TLE2237CDW TLE2237ACP

D packages are available taped and reeled. Add "R" suffix to device type
(e.g., TLE2237CDWR).

PRODUCTION DATA information is current as of publication date.
Products conlorm to specilications per the terms of Texas Instruments

standard warranty

does not

ly includs

testing of all pavaﬁl;ws.

xas W
NTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

E
INSTRUME

Copyright © 1991, Texas Instruments Incorporated
0On products compliant to MIL-STD-883, Class B, all parameters
are tested unless otherwise noted. On all other products,

ducti ing does not ily includs testing of all

paramsters.
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TLE2237,TLE2237A

EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION
NONCOMPENSATED DUAL OPERATIONAL AMPLIFIERS

P PACKAGE DW PACKAGE
(TOP VIEW) (TOP VIEW)

rout[]1 U sf1vee, ne [+ UtspD NG

1IN=-[]2 7[]20uUT NC [J2 5[] NC
1IN+ e[J2IN- 1OUT[J8  14[] Ve,
Vee-[4 s[2mN+ 1IN-[+ 13 20uT
1IN+ []s 12[]J2IN-
Vec-[s 11[J2IN+

NC[j7 1o[dNC

NC []s o[] NC

symbol (each amplifier)

NC - No internal connection

N+ ouT
IN -

2-1296
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equivalent schematic (for 1 channel)

Vce+

| R9 R15 nzoi
Qs R13 R4
Q49 R25 Q61
Kow h

R23% RS3 | o 027}
@ =
}r.{ J 036;]-1 [E‘oss
Q13 T as0y
mj’[ § P R21 [ZO .
a3 a1t |aws — 5
D ._]'[C RS | R11 rRi6s 938} ? Pase
P Q19 [ a2} 41)039 L["\)os!/\
IN+ . Q12 Q17 Q25 Q28 R17% @37 ouTt
al Q4 - Q8 l N C3== 5_-'1 ‘———K’QM
—¢ oy 1% @52
IN- 1 c2 R13 - N 8 (O
¢ W 1t | N B Q62
c4 NM7 g ﬁ
Q34— Qs
Q24 Qa1
b33 ETZ Qs4
-
ats as1} 4 "as0
026})«»« az| [Pos fa\
Q22 o % ™ Rz
Q31 {{a3s [-Kmo
Q16 R24 R26
m; R6% R73R103 3R12| [R14 R18 R19
|
Component Count: Transistors 62 Capacitors 4 Vee-

Resistors 24 Diodes 0
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TLE2237,TLE2237A

EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION
NONCOMPENSATED DUAL OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo (See Note 1) ... 2V
Supply voltage, Vo= -+ - v v i e e e -22V
Differential input voltage (see NOte 2) . ... ... i i e 1.2V
Input voltage range, Vi (@ny input) ....... ... ... .. Veo+
Input current, Ij (each input) .. ... . . +1 mA
Output CUITENt, o) . . . o +50 mA
Total current into Vo terminal ... 50 mA
Total current out of Vo_terminal . . ... . 50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) .......... ... ... unlimited
Continuous total dissipation. . .. ... .. ... i See Dissipation Rating Table
Operating free-air temperature range, TA ... ... ... ... ... .. ... ... ... ... .. ... 0°C to 70°C
Storage temperature FaNgE . . . . ..ottt e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or P package ............. 260°C

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vo, and Vo — .

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input
voltage in excess of approximately 1.2 V is applied between the inputs-unless some limiting resistance is used.

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Tp <£25°C DERATING FACTOR Tpo=70°C
POWER RATING ABOVE Tp =25°C  POWER RATING

DW 1025 mW 8.2 mW/°C 656 mW

P 1000 mW 8.0 mW/°C 640 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Voo + +4 +22 Vv
= 25° -1 11
Common-mode input voltage, V|¢ ;A iillcl;'ange 105 T Y
A = - o 8
Operating free-air temperature, Tp 0 70 °C

- TeExas {ii
INSTRUMENTS
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TLE2237C, TLE2237AC

EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION
NONCOMPENSATED DUAL OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Voo + = £ 15V (unless otherwise noted)

TLE2237C TLE2237AC
U
PARAMETER TEST CONDITIONS TA WN TP WAX T MIN _TYP  MAX UNIT
Vio Input offset voltage 25°C 25 25 n"
Temperature coefficient of o
ayvio input offset voltage Full range 0.4 1 0.2 1 | uvreC
Input offset voltage o
long-term drift (see Note 4) | Vi =0, Rg=50Q e 0.006 ! 0006 1| wVimo
25°C 6 90 6 90
t offset t
o Input offset curren Full range 15 T nA
25°C 15 90 15 90
Input bias current
I P Full range 150 150 nA
-1 -13 -1 -13
25°C to to to to
Common-mode input 11 13 11 13
Vicr voltage range Rs =500 - 10.5 -10.5 v
Full range to to
10.5 10.5
' N RL= 1k 25°C 10.5 105
V. Maximum positive peak Full range 10 10 v
OM + output voltage swing 25°C 12 12
R =2kQ
Full range 11 11
. . RL =1k 25°C  |-105 -183 -105 ~-13
" Maximum negative peak Fullrange| - 10 - 10 v
OM - qutput voltage swing 35°C | —12 —135 ~12 —135
RL=2kQ
Fullrange | - 11 -1
Vo =11V, R =2kQ 25°C 5 45 5 45
Large-signal differential Vo=+10V, R =2kQ |Fullrange 2 2
Avp voltage amplification 25°C 3.5 38 3.5 38 ViV
Vo=%+10V, R =1kQ - -
Full range 1 1
C Input capacitance 25°C 8 8 pF
Z4 Open-loop output impedance | I =0 25°C 50 50 Q
Common-mode Vic =V, min, © 10
cMRR ComT ‘ iIc =VICR 25°C 100 131 0 131 dB
rejection ratio Rg =50 Q Full range 98 98
Vegg=24Vio£18Y, 25°C 94 144 94 144
K Supply-voltage rejection ratio| Rg = 50 Q -
SVR  (aVges/AVio) Vocs=24VI0£18Y,
- Full range 92 92
Rg =50 Q
25'C 76 106 76 106
| Supply current Vo =0, No load
cc PPY © Full range 11.2 11.2 mA

tFul range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated
to Tp, = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLE2237C, TLE2237AC
EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION
NONCOMPENSATED DUAL OPERATIONAL AMPLIFIERS

operating characteristics at specified free-air temperature, Voc+ = £15V

TLE2237C TLE2237AC
U
PARAMETER TEST CONDITIONS TA MIN_ TYP MAX WIN_ TYP MAX UNIT
Ayp = 5. RL = 2kQ, 25°C 6 75 6 75
\/
SR Slewrate CL = 100 pF Full range 5 5 He
Equivalent input noise Rg = 100Q, f = 10Hz 3.3 8 33 8
V, 25°C VAH
n voltage Rg = 1009, f = 1KHz 25 45 25 45| "V"#
-to-peak ivalent
VN(PP) . Peak-to-peak equivalent | o 1 1 15 10 Hz 25°C 50 250 50 250 | nv
input noise voltage
Equivalent input noise f = 10 Hz 1.5 4 1.5 4
| 5°C Al
n current 7= 1Kz 2 04 06 0a o5 | PV
Vo =10V, A =5,
THD Total harmonic distortion o 0 VD =5 25°C < 0.002% <0.002%
See Note 5
f = 100 kH. =
GBP Gain-bandwidth product z R = 2ke, 25°C 50 76 50 76 MHz
CL = 100 pF
Maximum output-swing :
Rl = 2kQ © .
Bom bandwidth L =2 25°C 80 80 kHz
®m Phase margin R =2kQ, Cp = 100pF| 25°C 50° 50°

tFull range is 0°C to 70°C.
NOTE 5: Measured distortion of the source used in the analysis was 0.002%.
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uA709AM, uA709M, uA709C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

D942, FEBRUARY 1971 —REVISED MAY 1988

Common-Mode Input Range . . .

Designed to be Interchangeable with Fairchild
wA709A, 1A709, and xA709C

® Maximum Peak-to-Peak Output Voltage
Swing . . . 28-V Typical with 15-V Supplies

description

These circuits are general-purpose operational
amplifiers, each having high-impedance
differential inputs and a low-impedance output.
Component matching, inherent with silicon
monolithic circuit-fabrication techniques,
produces an amplifier with low-drift and low-
offset characteristics. Provisions are
incorporated within the circuit whereby external
components may be used to compensate the
amplifier for stable operation under various
feedback or load conditions. These amplifiers are
particularly useful for applications requiring
transfer or generation .of linear or nonlinear
functions.

The uA709A circuit features improved offset
characteristics, reduced input-current
requirements, and lower power dissipation when
compared to the uA709 circuit. In addition,
maximum values of the average temperature
coefficients of offset voltage and current are

+10 V Typical

uA709AM, uA709M . . . J OR W PACKAGE
(TOP VIEW)

1 U1a[] NC
2 13(JNC
FREQ COMP B Es 12[] FREQ COMP A
IN- [(Ja  nJVvees
IN+ Es 10[] OUT
6
7

NC
NC [

vVee- o] OUT FREQ COMP
NC [ s[] NC

uA709AM, uA709M . . . JG PACKAGE
uA709C . . . D, JG, OR P PACKAGE

(TOP VIEW)
FREQ COMP B []1 8[] FREQ COMP A
IN-2 70 Vce+
IN+ 3 6[]ouT
Vee - []4 5[] OUT FREQ COMP

uA709AM, uA709M . . . U FLAT PACKAGE
(TOP VIEW)

NC [ 10[d NC
FREQ COMP B []2  9[] FREQ COMP A
IN-[]3  8[dvees+
IN+ 4 701 ouTt
Vce- [0s &[] ouT FREQ COMP

NC—No internal connection

specified for the uA709A. symbol
The uA709AM and uA709M are characterized OUTPUT
for operation over the full military temperature FREQ
range of —55°C to 125°C. The uA709C is comp
characterized for operation from 0°C to 70°C. NONINVERTING
—
INPUT IN+
OUTPUT
INVERTING
INPUT IN— A
FREQ FREQ
COMP COMP
A B
AVAILABLE OPTIONS
Vio MAX PACKAGE
TaA AT 25°C SMALL OUTLINE| CERAMIC | CERAMIC DIP| PLASTIC DIP| FLAT PACK | FLAT PACK
(D) J) (JG) (P) (U) (W)
0°C '
to 7.5 mV uA709CD - UA709CJG | uA709CP — -
70°C
-55°C| 5 mV uA709MJ | UA709MJG UA709MU | uA709MW
to — —
125°C| 2mVv UA709AMJ| UA709AMJG uA709AMU | uUA709AMW

The D package is available taped and reeled. Add the suffix R to the device type when ordering, (e.g., uA709CDR)

PRODUCTION DATA d

contain inf
current as of publication date. Products conform to
specifications per the terms of Texas Instruments

arrant‘x. Prod pr g
necessarily include testing of all parameters.

does not

Copyright © 1983,

{ip
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uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic

NONINVERTING

INPUT FREQUENCY
COMPENSATION
A

INVERTING
INPUT

INPUT

10 k2
3

310kQ
3

—

s 25 kQ2

3k

o
25 k2

3k

31kQ
1

Vee+

S 20 k2

—— OUTPUT

Component values shown are nominal.

2.4 k2

3.6 k2 :E

318kQ

—

30 kQ

210 kQ

OUTPUT
FREQUENCY

COMPENSATION

$ 10 k2

$75kQ

Vee-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

"5:::“:" uA709C uNIT

Supply voltage Ve 4+ (see Note 1) 18 18 \Y
Supply voltage Vo - (see Note 1) -18 -18 \
Differential input voltage (see Note 2) +5 +5 \"
Input voltage (either input, see Notes 1 and 3) +10 +10 \
Duration of output short-circuit (see Note 4) 5 5 s
Continuous total dissipation See Dissipation Rating Table

Operating free-air temperature range —-55to 125 0to 70 °C
Storage temperature range -65 to 150 ~65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds| J, JG, U, or W package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds| D or P package 260 °C

NOTES: 1.

All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 V, whichever is less.
4. The output may be shorted to ground or either power supply.

2-1302
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uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

DISSIPATION RATING TABLE

PACKAGE TA = 25°C DERATING DERATE Ta = 70°C Ta = 125°C
POWER RATING FACTOR ABOVE T POWER RATING POWER RATING

D 300 mwW N/A N/A 300 mW N/A

J (UA709_M) 300 mwW 11.0 mW/°C 123°C 300 mwW 275 mW

JG (UA709__M) 300 mwW 8.4 mw/°C 114°C 300 mW 210 mW
JG (uA709C) 300 mW N/A N/A 300 mwW N/A
P 300 mW N/A N/A 300 mW N/A

U 300 mW 5.4 mW/°C 94°C 300 mW 135 mW

w 300 mW 8.0 mw/°C 113°C 300 mW 200 mW

electrical characteristics at specified free-air temperature, VCC+ = 9V to * 15 V (unless otherwise
noted) ’

uA709AM uA709M
PARAMETER TEST CONDITIONS UNIT
MIN  TYP?  MAX |MIN  TYP} MAX
v Input off: I Vo =0 Rg < 10 k2 28°C o8 2 ! > \Y
nput offset voltage = = m
10 i 9 0 S Full range 3 6
Average temperature | v, = o, Rg = 50 0 Full range 1.8 10 3
ayjg coefficient of input pviI°C
offset voltage Vo =0, Rg = 10 k@ Full range 4.8 25 6
25°C 10 50 50 200
ho Input offset current Vo =0 -55°C 40 250 100 500 nA
125°C 3.5 50 20 200
Average temperature ~55°C to 25°C 0.45 2.8
oo  coefficient of input Vo =0 nA/°C
offset current 25°C to 125°C 0.08 0.5
25°C 0.1 0.2 0.2 0.5
[IT:) Input bias current Vo =0 rA
—55°C 0.3 0.6 0.5 1.5
Common-mode 25°C +8 +10 +8 +10
VicR . Vegs = 158V . v
input voltage range Full range +8 +8
25°C 24 28 24 28
. Vect = £15V, R = 10 k2
v Maximum peak-to-peak Full range 24 24 v
OPP output voltage swing | Vocs = 15V, R, = 2 k2 25°C 20 26 20 26
Vect = 215V, R 2 2kQ Full range 20 20
Ayp Large-signal differential | Voo = £15V, R 2 2kQ, 25°C 45 45 VimV
'm
voltage amplification Vo = 10V Full range 25 70 25 70
) 25°C 350 750 150 400
4 Input resistance kQ
-55°C 85 185 40 100
o Output resistance Vo =0, See Note 5 25°C 150 150 Q
Common-mode 25°C 80 110 70 90
CMRR Vic = Vicg min dB
rejection ratio Full range 80 70
Power supply sensitivity 25°C " 40 100 25 150
ksvs Vecc = t9Vto £16V wVIV
(AV|o/AVee) Full range 100 150
25°C 25 3.6 2.6 5.5
Vecct = =15V, No load,
Icc Supply current v o -55°C 2.7 4.5 mA
0~ 125°C 2.1 3
25°C 75 108 78 165
o Vecct+ = 15V, No load,
Pp Total power dissipation v o -55°C 81 135 mwW
0= 125°C 63 90

1 All characteristics are specified under open-loop with zero common-mode input voltage unless otherwise specified. Full range for uUA709AM
and uA709M is —55°C to 125°C.

*All typical values are at Ve = 15 V.

NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

{i’
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uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (unless otherwise noted Vcc+ = £15V)

uA709C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
Vio Input offset voltage Vees = t9Vto £16V, Vg =0 26°C 2 75 mV
- Full range 10
o Input offset current Vecc+ = ¥9Vto £15V, Vg =0 25°C 100 500 nA
- Full range 750
. 25°C 0.3 1.5
B Input bias current Vecec+ = £9Vto £ 16V, Vg =0 Full range 2 rA
Vicr Common-mode input voltage range 25°C +8 +10 \Y
25°C 24 28
. RL = 10 kQ
Vopp Maximum peak—to—‘peak Full range 24 v
output voltage swing RL = 2kQ 25°C 20 26
RL = 2 k@ Full range 20
Large-signal differential 25°C 15 45
AVD  sitage amplification RL = 2k, Vo = £10V g | 12 Vimv
. 25°C 50 250
4] Input resistance Full range 35 kQ
o Output resistance Vo = 0, See Note 5 25°C 150 Q
CMRR Common-mode rejection ratio Vic = V|CR min 25°C 65 90 dB
kgys Supply voltage sensitivity Veeg = +9Vto =15V 25°C 25 200 | wVIV
Pp Total power dissipation Vo = 0, No load 25°C 80 200 mwW

T All characteristics are specified under open-loop operation with zero volts common-mode voltage unless otherwise specified. Full range
for uUA709C is 0°C to 70°C.
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics Vcc+ = 9V to 15V, Tao = 25°C

uA709AM
A709M
PARAMETER TEST CONDITIONS uA7090 UNIT
u
MIN TYP MAX
tr Rise time . CL=0 0.3 1 us
Vi =20mV, RL = 2k, See Fi 1
Overshoot factor I L e Figure CL = 100 pF 6% 30%

PARAMETER MEASUREMENT INFORMATION

Vi
10kQ OUTPUT
NP
oy INPUT
o Cp =100 pF
INPUT VOLTAGE =

WAVEFGRM 100 pF =
COMP B L ,
5000 pF

FIGURE 1. RISE TIME AND SLEW RATE
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uA741C, uA7411, uA741M

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

D920, NOVEMBER 1970 — REVISED JANUARY 1992

Short-Circuit Protection
Offset-Voltage Null Capability

Large Common-Mode and Differential
Voltage Ranges

No Frequency Compensation Required
Low Power Consumption
No Latch-Up

Designed to Be Interchangeable With
Fairchild uA741

description

The uA741 is a general-purpose operational
amplifier featuring offset-voltage null capability.

The high.common-mode input voltage range and
the absence of latch-up make the amplifier ideal
for voltage-follower applications. The device is
short-circuit protected and the internal frequency
compensation ensures stability without external
components. A low potentiometer may be
connected between the offset nullinputs to null out
the offset voltage as shown in Figure 2.

The uA741C is characterized for operation from
0°C to 70°C. The uA741l is characterized for
operation from —40°C to 85°C.The uA741M is
characterized for operation over the full military
temperature range of —55°C to 125°C.

uA741M... J PACKAGE

(TOP VIEW)

NC[] 1 Lrm]Nc

Ncl] 2 13[INC
OFFSETN1[] 3 12[] NC

IN-[l4 111 Vees

IN+[] 5 1of] oUT

Vee-ll & o] OFFSET N2
NC[] 7 8]l NC

UuA741M ... JG PACKAGE
uA741C, uA741l... D OR P PACKAGE

(TOP VIEW)
U

OFFSET N1]]
IN-[]

IN+[]

Vee-{}

s]INC

7 ]VCC+
s[jouT

5[] OFFSET N2

A ON =

uA741M. .. U FLAT PACKAGE

(TOP VIEW)
NC[} 1 ~ 10[INC
OFFSET N1[} 2 o[l NC
IN-[] 3 8[l Voc+
IN +[ 4 7 ] ouT
Vee-ll s 6|] OFFSET N2

UA741M. .. FK PACKAGE

(TOP VIEW)
symbol —
=z
IN + + o f_,”_ 600
[
out Z20zz2
IN- -
3 21 2019
NC 14 18[] NC
IN-[]5 17[} Vec+
NC []6 16[] NC
IN+ []7 15[] ouT
NC []8 14[] NC
9 10 11 12 13
o
Q oy o0
z 8= z 2z
>
(%]
T8
[T
o
NC—No internal connection
PRODUCTION DATA information ';;l;,"':g,;;g,guﬂlclﬂt‘" date. t" Copyright © 1992, Texas Instruments Incorporated
standard warranty. P i g does not
include testing of all parameters.
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uA741C, uA7411, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

AVAILABLE OPTIONS
PACKAGE
A SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP | CERAMIC DIP | PLASTIC DIP | FLAT PACK
(D) (FK) ) (JG) (P) )
0°C 0 70°C UA741CD UA741CP
~40°C to 85°C uA7411D uA7411P
—55°C t0 125°C » UA741MFK uA741MI UA741MIG uA741MU

The D package is available taped and reeled. Add the suffix R (e.g., uA741CDR).

schematic

Vees

H

—— OUT
IN+ .
Component Count
) | Transistors—22

T

ik<

AL

Resistors - 11
Diode -1
Capacitor -1

OFFSET N1
OFFSET N2

Vee-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA741C uA741l uA741M UNIT

Supply voltage Vi + (see Note 1) 18 22 22 \
Supply voltage Vo — (see Note 1) -18 -22 -22 \
Differential input voltage (see Note 2) =15 30 +30 \'
Input voltage any input (see Notes 1 and 3) +15 +15 =15 \Y
Voltage between either offset null terminal (N1/N2) and Voo — +15 0.5 +0.5 \
Duration of output short circuit (see Note 4) unlimited unlimited unlimited

Continuous total power dissipation See Dissipation Rating Table

Operating free-air temperature range 0to 70 —-40t085 | -55t0125 °C
Storage temperature range —-65t0 150 | —65t0 150 | —65to 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | J, JG, or U package 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | D or P package 260 260 ) °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vg, and Voo—.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is Iess
4. The output may be shorted to ground or either power supply. For the uA741M only, the unlimited duration of the short circuit applies
at (or below) 125°C case temperature or 75°C free-air temperature.

i
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uA741C, uA741l, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

DISSIPATION RATING TABLE

PACKAGE TA s25°C DERATING DERATE Ta=70°C Ta =85°C Ta =125°C
POWER RATING FACTOR ABOVETp POWERRATING POWER RATING POWER RATING

D 500 mw 5.8 mW/°C 64°C 464 mW 377 mW N/A

FK 500 mW 11.0mW/°C 105°C 500 mW 500 mW 275 mW
J 500 mW 11.0mW/°C 105°C 500 mW 500 mW 275 mwW
JG 500 mW 8.4 mW/°C 90°C 500 mW 500 mW 210 mW
P 500 mwW N/A N/A 500 mW 500 mW N/A

U 500 mW 5.4 mW/°C 57°C 432 mW 351 mW 135 mW

electrical characteristics at specified free-air temperature, Vog+ = s15V

PARAMETER TEST Tt UA741C UA7411, UA741M UNIT
CONDITIONS MIN  TYP MAX| MIN TYP MAX
250
Vio Input offset voltage Vp=0 5C ! 6 ! 5 mv
Full range 7.5 6
AV|O(adj)  Offset voltage adjust range Vo =0 25°C =15 +15 mV
25°C 20 200 20 200
o Input offset curent Vo=0 nA
Full range 300 500
s Input bias current Vo=0 25°C 80 500 80 500 nA
Full range 800 1500
Common-mode input 25°C +12 +13 +12 +13
VICR ) v
voltage range Full range +12 =12
RL=10kQ 25°C =12 =14 +x12 =14
VOM Maximum peak output RL =2 10kQ Full range +12 =12
voltage swing RL =2k 25°C =10 +13 +10 +13 v
RL=2kQ Full range +10 +10
AVD Large-signal q:ﬁerentlal RL=z2kQ 25°C 20 200 50 200 VimV
voltage amplification Vo==+10V Full range 15 25
rj Input resistance 25°C 0.3 2 0.3 2 MQ
. Vo =0, o
o Output resistance See Note 5 25°C 75 75 Q
Cj Input capacitance 25°C 1.4 1.4 pF
CMRR Common-mode rejection ratio Vic = VICR min 25°C 70 0 70 90 dB
Full range 70 70
ksvs Supply voltage sensitivity Vcc=x9Vto 25°C 30 150 30 150 WV
(AVI0/AVCC) =15V Full range 150 150
los Short-circuit output current 25°C =25 =40 =25 +40| mA
25°C 1.7 2.8 1.7 2.8
| Supply current Noload, Vo =0 mA
ce PPy o Full range 3.3 33
25°C 50 85 50 85
Pp Total dissipati No load, Vo =0 mw
otal power dissipation Full range 100 100

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specmed Full range for
the uA741C is 0°C to 70°C, the uA741l is —40°C to 85°C, and the uA741M is —-55°C to 125°C.
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

Texas
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uA741C, uA741l, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vgg+ = 15V, Ta = 25°C

uA741C uA741l, uA741M
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX
tr Rise time V| =20mV, R =2kQ, 0.3 0.3 us
Overshoot factor Cp =100 pF, See Figure 1 5% 5%
. Vi =10V, RL=2kQ,
SR Slew rate at unity gain CL = 100 pF, See Figure 1 0.5 0.5 Vlus

PARAMETER MEASUREMENT INFORMATION

Ry =2kQ

Vi
- 0—? Output
Input 4 =
+
INPUT VOLTAGE = ,
WAVEFORM
CpL =100 pF
TEST CIRCUIT

Figure 1. Rise Time, Overshoot, and Slew Rate

APPLICATION INFORMATION

f

To Voe-

Figure 2. Input Offset Voltage Null Circuit

j
Texas
INSTRUMENTS
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uA741C, uA741l, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 v T |15 vl 400 T
| VCC+= Vec+ =15V
« 90 Vog-=-15V 350 — Vgg-=-15V
Toeor) K
+ \ | 300
E g
5 e
o \ 5 250
5 60 \ é [« uaraic —
E \N K] H :
s %0 \ <— uA7a1C m 200 | ;
a 40 | H N |
E \ I £ 150
b \ | ' ) |
o
= ' = 100 AN i
20 \\ : N |
N~ 50 ==L
10
0 - ]
-60 —40 -20 0 20 40 60 80 100 120140 -60-40 -20 0 20 40 60 80 100 120 140
TA - Free-Air Temperature - °C T - Free-Air Temperature - °C
Figure 3 Figure 4

MAXIMUM PEAK OUTPUT VOLTAGE
vs
LOAD RESISTANCE

+14
LI I 11

Vcc.,.=15\} L+
13 [~ Vge-=-15V

Ta =25°C
+12 v

)4

=11 74
+10 4

Vom-— Maximum Peak Output Voltage — V

+8

=7

+6 ,/

=5 /

+4 /

0.1 0.2 04 07 1 2 4 7 10

Rp - Load Resistance — kQ
Figure 5

1t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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uA741C, uA7M11, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

OPEN-LOOP SIGNAL DIFFERENTIAL

MAXIMUM PEAK OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
vs vs
FREQUENCY SUPPLY VOLTAGE
+20 400
LN >
| Ve =15V § _vo=i1lov |
>I +18 ch?f;;;zsv f RL =2kQ //
(] L= £ Ta =25°C .
§ 16| Tx- 250 s 200~ TA >
£ 3
> +14 E /
A \ g 100 A
5 212 <
o \ @
ﬁ +10 .g /I'
fid s
o ‘ g /r
E 8 = 40
3 = /
£ 1<
'E +6 °®
E £
i ;4 A o 20
3 N :
> +2 >
\\~ &
0 10
1k 10k 100 k 1M 0 2 4 6 8 10 12 14 16 18 20
f - Frequency — Hz Vcc =~ Supply Voltage -V
Figure 6 Figure 7
OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
7
10 LR AL
Vee+ =15V
& 108 Voo =-15V
= Vo =10V
kS —— RL=2kQ
£ 105 Ta=25°C
£ N
T 108 I
[
g N
g 103
g N
5 102 i
g N
";‘ 101
o N
<> 1 N \
10-1
1 100 10k 1M 10M
f - Frequency — Hz
Figure 8
' {i’
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uA741C, uA741l, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

TYPICAL CHARACTERISTICS
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs
FREQUENCY ELAPSED TIME
o 100 IAUURAL 28
CC+ =
? 90 \ Vee-=-15V Hi 24
e \ Bs = 10k
5 80 \ Ta =25°C 1 »0 g
S 70 z
3 X E 90%
2 60 N ® 16 /
[+4 \ g
g 50 N s 2
3 \ 3
£ 40 N 5 8 }
E 9 / ' v v
Cc = 15
3 \ o 4 ‘ Veor =15V —
\ > | C-
1 20 10% | R =2kQ
E 10 0 - $L=;g?ch ]
) il A R R
0 -4
100 10k 1M 100 M [ 0.5 1 1.5 2 2.5
f— Frequency — Hz t—Time-us
Figure 9 Figure 10
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
8 - T T T
VCC+ =15V
6 VCC— =-15V |
. RL=2kQ
— Cy =100 pF
T a4 / TA=25C -
) / v \
£ , /P
3
5
a o
=
[} / \]
o
S I
3 \
-4
£ ] N \
-6
-8
0 10 20 30 40 50 60 70 80 90
t—Time —us
Figure 11
’
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uA747C, uA747M

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

D971, FEBRUARY 1971 —REVISED OCTOBER 1990

symbol (each amplifier)

NC —No internal connection

° . .
No Frequency Compensation Required D. J. N, OR W PACKAGE
® Low Power Consumption (TOP VIEW)

@ Short-Circuit Protection IN= [T7 U147 oFESET 1N1
® Offset-Voltage Null Capability N+ 02 131 vee+!
) . OFFSET 1N2[3  12[JouT

® Wide Common-Mode and Differential vee- s m[0nc
Voltage Ranges OFFSET 2N2[]5  1o[JouT
® No Latch-Up N+ s s[2vee+!
. IN- ]z 8[1OFFSET 2N1
Designed to be Interchangeable with
Fairchild xA747M and uA747C
uA747M . . . FK PACKAGE
description (TOP VIEW)
The uA747 is a dual general-purpose operational =
amplifier featuring offset-voltage null capability. L :’,
Each half is electrically similar to uA741. ‘1, P S
w
. . zz -
The high common-mode input voltage range and . L—_ﬂ_‘jig =r
the absence of latch-up make this amplifier ideal 3 21219
for voltage-follower applications. The device is OFFSET 1N2[) 4 18[JouT
short-circuit protected and the internal frequency NCc s 17 NC
compensation ensures stability without external Vee- P 16 ] NC
components. A low-value potentiometer may be NC[]7 15[]NC
connected between the offset null inputs to null OFFSET 2N2[]8 1ajout
out the offset voltage as shown in Figure 2. 9 101112 13
o W o Vo Wom W s |
The uA747C is characterized for operation from + 1 g =
0°C to 70°C; the uA747M is characterized for 22K G
operation over the full military temperature range E é”
of —55°C to 125°C. B
o

NONINVERTING ___| + TThe two positive supply terminals (1 Vcc + and 2 Ve +) are
INPUT IN + OUTPUT connected together internally.
INVERTING _
INPUT IN -
N1 N2
AVAILABLE OPTIONS
PACKAGE
T Vio MAX 14-PIN 20-PIN
A AT 25°C | SMALL OUTLINE | CERAMIC DIP | PLASTIC DIP | FLAT PACK | CHIP CARRIER
(D) (J) (N) (W) (FK)
0°C
to 6 mV uA747CD - uA747CN - -
70°C
-55°C
to 5 mV — uA747MJ - UA747MW UA747MFK
125°C

The D package is available taped and reeled. Add the suffix R to the device type, (i.e., uA747CDR).

PRODUCTION DATA d contain inf
current as of publication date. Prod form to
specifications per the terms of Texas Instruments

3 F p g does not
necessarily include testing of all parameters.

*p

~ Texas
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

Copyright © 1990, Texas Instruments Incorporated

On products compliant to MIL-STD-883, Class B, all parameters are tested
unless otherwise noted. On all other products, production processing does
not necessarily include testing of all parameters.
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uA747C, uA747TM
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Vee+

INVERTING
INPUT (IN-)

NONINVERTING

——— OUTPUT
INPUT (IN+)

F\_

OFFSET NULL
(N2)

N/

OFFSET NULL
(N1)

Vce -

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA747C uA747M UNIT

Supply voltage, Ve 4 (see Note 1) 18 22 \
Supply voltage, Vcc — (see Note 1) -18 —-22 v
Differential input voltage (see Note 2) +30 +30 \%
Input voltage any input (see Notes 1 and 3) +15 +15 \
Voltage between any offset null terminal (N1/N2) and Vg — +0.5 +0.5 \4
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation See Dissipation Rating Table
Operating free-air temperature range 0to 70 -55to 125 °C
Storage temperature range —65 to 150 —-65 to 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J or W package 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or N package 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Ve —.
2. Differential voitages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING DERATE TA = 70°C TA = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING
D 800 mW 7.6 mw/°C 45°C 608 mwW —
FK 800 mwW 11.0 mW/°C 77°C 800 mW 275 mW
J 800 mW 11.0 mw/°C 77°C 800 mW 275 mW
N 800 mwW 9.2 mWw/°C 63°C 736 mW —
w 800 mW 8.0 mw/°C 50°C 640 mW 200 mW

{i’
TeExas
INSTRUMENTS
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uA747C, uA747M
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vcc- = =15V
uA747C uA747M
ARAMETER TEST NDITIONS T UNIT
P ETE co MIN TYP MAX MIN TYP MAX
25°C 1 6 1 5
V Input offset volt Vo =0 mV
10 nput oftset voltage 0 Full range 7.5 6
Offset voltage
AV i 25°C +15 +15 mV
10(adj) adjust range
| Input offset current 28°C 20 200 20 200 nA
0 put oftset curren Full range 300 500
| Input bias current 25°C 80 500 80 500 nA
T
1B P ur Full range 800 1500
v Common-mode 25°C +12  +13 +12 £13 v
ICR input voltage range Full range | £12 +12
R = 10 kQ 25°C 24 28 24 28
v Maximum peak-to-peak | R = 10 k@ Full range 24 24 v
OPP output voltage swing | R_ = 2 k@ 25°C 20 26 20 26
R = 2 kQ Full range 20 20
: Large-signal differential | R = 2 k@, 25°C 25 200 50 200
AvD I VimV
voltage amplification Vo = £10V Full range 15 25
N Input resistance 25°C 0.3" 2 0.3 2 MQ
fo Output resistance See Note 6 25°C 75 75 Q
Ci Input capacitance 25°C 1.4 1.4 pF
C -mod 25°C 70 90 70 90
CMRR  -ommon-mode Vic = Vicr dB
rejection ratio Full range 70 70
Supply voltage 25°C 30 150 30 150
ksvs sensitivity Vee = #9Vito 215V rVIV
(AVj0/AVce) Full range 150 150
Short-circuit
10s ort-aireut 25°C £25 40 +25  +40 | mA
output current
Supply current 25°C 1.7 2.8 1.7 2.8
lcc o No load mA
(each amplifier) Full range 3.3 3.3
Power dissipation No load, 25°C 50 85 50 85
Pp . mW
(each amplifier) Vo =0 Full range 100 100
Vo1/Vo2 Channel separation : 25°C 120 120 0 dB

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range
for uA747C is 0°C to 70°C and for uA747M is —55°C to 125°C.

*On products compliant to MIL-STD-883, Class B, this parameter is not production tested.

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics, Vcc+ = 15V, Vgc- = -15V, Tao = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ty Rise time V) =20 mV, RL = 2kQ, 0.3 us
Overshoot factor CL = 100 pF, See Figure 1 5%

V=10V, RL = 2 kQ,

. 0.5 Vius
CL = 100 pF, See Figure 1

SR Slew rate at unity gain

{i’
Texas
INSTRUMENTS
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uA7417C, uA747M
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

V) N
? OUTPUT
INPUT + =
—-————0
INPUT VOLTAGE = _[_
WAVEFORM 4
CL=100pF,-[: SRL=2kQ
TEST CIRCUIT =

FIGURE 1. RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

TO Vce -
FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 T T 400 l ] ]
et
- Vee-=-15V
‘é 30 -\ CC
i < 300
:
5 60 £
(5] \ 3 \ ¢— uA747C ¥
3 S 200 !
5 4+—uA747C ¥ & N !
= 40 P N\ |
3 N ! 2 N '
£ N ! £ N [
1
X 20 \ { kb 100 i
- p—y |
: N
0 oLl
—60 —40 —20 0 20 40 60 80 100 120 140 —-60 —40 -20 0 20 40 60 80 100 120 140
TA—Free-Air Temperature—°C TA—Free-Air Temperature—°C
FIGURE 3 FIGURE 4
i
EXAS b
INSTRUMENTS
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uA747C, uA747TM
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Vcc—Maximum Peak-to-Peak Output Voltage—V

Ayp-Differential Voltage Amplification—V/mV

28
26
24
22
20
18
16
14
12
10

8

MAXIMUM PEAK-TO-PEAK

TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK

OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs . vs
LOAD RESISTANCE FREQUENCY
—— > 40 T T 1T
Vee+ =15V » I Vee+=15V
- Vee—=—-15V g 36 Voo = —15V
Ta =25°C S 5 RL=10kQ
b 5 Ta=25°C
Qo
g 28
/ X 24
/ 2
/ 5 20
~
§ 16
g 12
/ £
] 3 8
5 \
a 4
-9
/ 8
> 0
0.1 02 04 07 1 2 4 7 10 100 1k 10 k 100 k ™
Rp—Load Resistance—k$2 f—Frequency—Hz
FIGURE 5 FIGURE 6

400

200

100

40

20

10

OPEN-LOOP LARGE-SIGNAL

OPEN-LOOP LARGE-SIGNAL

DIFFERENTIAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
VS VS
SUPPLY VOLTAGE FREQUENCY
107 T T
-RLzsz g VCC+=15V
Ta =25°C = 106 Vee-=-15V+
- ] 8 RL =2kQ
L1 é 105 Ta=25C

P 5

s 104
8

S 103
s

g 102
&

't? 101
o)

z 1

10-1

0 2 4 6 8 10 12 14 16 18 20 1 10 100 1k 10k 100k 1M 10M 100 M
IVcc+|—Supply Voltage- V f—Frequency—Hz
FIGURE 7 FIGURE 8

{i’
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uA747C, uA747M
'DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE

. Vs Vs
FREQUENCY ELAPSED TIME
. 100 T %V 28
o] : Vee+=1
20 = 1
! eobal .
S 80 s=
< \\ TA=25C | S 20 -
% 70 \ £ 90%11
S 60 3 16
o \\ S [
Q 3 [
é 50 \ > 12 .
T a0 2 . Vee+=15V
£ 3 ] vVee—=-15V
E 30 \ Q / X RL=2kQ
S S 4 - T CL = 100 pF
& 10% : TA =25°C
s 10 0 -«
°© |
0 -4
17 10 100 1k 20k 100k 1M 10M 100 M 0 05 1 15 2 25
f—Frequency—Hz t—Time—us
FIGURE 9 FIGURE 10
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
8 T T T
Vee+=15V
6 vee—-=-15V |
-4 RL=2kQ
E 117 A\l CL=100pF _|
g 1\| Ta=25°C
£ OUTPUT H
> 2 )
“-_;.'_ |
:° *
2, / INPUT :
s ]
F 2\
£ 4 *
-6
-8
0 10 20 30 40 50 60 70 80 90
t—Time—us
FIGURE 11
i
TEXAS b
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uA748C, uA748M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

D921, DECEMBER 1970—REVISED OCTOBER 1990

® Frequency and Transient Response uA748C . .. D OR P PACKAGE
Characteristics Adjustable uA748M . .. JG PACKAGE
(TOP VIEW)
® Short-Circuit Protection

o N1/comp 1 U &[] comp
® Offset-Voltage Null Capability IN- ]2 70 vees
® Wide Common-Mode and Differential IN+[}3  e[JoOUT

Voltage Ranges Vee- L4 5[] N2

® Low Power Consumption
uA748M . . . U FLAT PACKAGE

No Latch-Up (TOP VIEW)
Same Pin Assignments as uA709 nc (e 10dnc
. N1/coMP []2 9[] comp
description IN- []3 8[JVec +
The uA748 is a general-purpose operational IN+ []4 7 out
amplifier that offers the same advantages and Vce- L5 6[J N2
attractive features as the uA741 except for
internal compensation. External compensation NC—No internal connection
can be as simple as a 30-pF capacitor for unity-
gain conditions and, when the closed-loop gain symboi
is greater than one, can be changed to obtain
wider bandwidth or higher slew rate. This circuit comp
. . - . N1/COMP
features high gain, large differential and N2
common-mode input voltage range, and output
short-circuit protection. Input offset voltage NONINVERTING
adjustment can be provided by connecting a INPUT IN+ +
variable resistor between the offset null pins as OUTPUT
hown in Fi .
° gure 12 INPOT N —
The uA748C is characterized for operation from
0°C to 70°C; the uA748M is characterized for
operation over the full military temperature range
of —55°C to 125°C.
AVAILABLE OPTIONS
PACKAGE
T Vio MAX 8-PIN 10-PIN
AT 25°C |SMALL OUTLINE| CERAMIC DIP | PLASTIC DIP | FLAT PACK
(D) (JG) (P) (V)
0°C
to 6 mv UA748CD - UA748CP -
70°C
—-55°C
to 5 mV - UA748MJG - uA748MU
125°C

The D package is available taped and reeled. Add the suffix R to the device type, (e.g., uA748CDR).

PRODUCTION DATA documents contain information . Copyright © 1990, Texas Instruments Incorporated
current as of publication date. Products conform to b

spacifications per !I:I‘O terms nfr‘ll'oxas _In‘stm;;e'r:;: TEXAS
necessarily include testing of all parameters. INSTRUMENTS
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uA748C, uA748M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic
INVERTING cowmp
INPUT IN— . . . o
',J Vee+
1 ]
NONINVERTING 340
INPUT IN+ b
—
o ¢—OUTPUT
b — 349
OFFSET 1 ; '
NULL K ___:
N2 B \t 1
ad
1ke350kns 1ko :
OFFSET ’ * Vee-

NULL N1/COMP

Resistor values shown are nominal.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA748C uA748M UNIT
Supply voltage Ve 4+ (see Note 1) 18 22 \
Supply voltage Ve — (see Note 1) -18 -22 \Y
Differential input voltage (see Note 2) +30 +30 \
Input voltage (either input, see Notes 1 and 3) +15 +15 \Y
Voltage range between either offset null terminal (N1/N2) and Voo — -0.51t0 2 ~-0.5t02 \
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range 0to 70 —-551t0 125 °C
Storage temperature range —65 to 150 | —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG or U package 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 260 °C
NOTES:

1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Vg —-

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

4. The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING DERATE TA = 70°C Ta = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING
D 500 mW 5.8 mW/°C 64°C 464 mW N/A
JG 500 mW 8.4 mW/°C 90°C 500 mW 210 mW
P 500 mW N/A N/A 500 mW N/A
U 500 mW 5.4 mW/°C 57°C 432 mW 135 mW

TeEXAS {'f

INSTRUMENTS
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uA748C, uA748M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vgc- = =15V,
Cc = 30 pF
t uA748C uA748M
PARAMETER TEST IT1 T
CONDITIONS MIN TYP MAX MIN TYP MAX UNI
25°C 1 6 1 5
V Input offset volt Vo =0 \
10 nput ofset voltage 0 Full range 7.5 6 m
25°C 20 200 20 200
| Input offset t Vo =0 A
10 nput otfset curren 0 Full range 300 500 n
25°C 80 500 80 500
| | t bi t Vo =0
8 nput bias curren 0 Full range 800 50| ™
v Common-mode 25°C +12 +13 +12 +13 v
ICR input voltage range Full range +12 +12
RL = 10 kQ 25°C +12 +14 +12 +14
v Maximum peak RL = 10 kQ Full range +12 +12 v
OM " Gutput voltage swing | R = 2 k@ 25°C £10 +13 £10 =13
R = 2 k@ Full range +10 +10
Large-signal diffi tial | RL = 2 kQ, 25°C 20 200 50 200
AVD rge-signal ¢ I. er'en 1a L V/mV
voltage amplification Vo = 10V Full range 15 25
T Input resistance 25°C 0.3 2 0.3 2 MQ
Vo = 0,
Output resist 25° 75 75 Q
o utput resistance See Note 5 C
Cj Input capacitance 25°C 1.4 1.4 pF
CMARR Cc.)mnt\on-mc?de Vic = V|cR min, 25°C 70 90 70 90 dB
rejection ratio Vo =0 Full range 70 70
Supply voltage Vee = £9Vito £15V, 25°C 30 150 30 150
ksys sensitivity wVIV
(AVjo/AVece) Vo =0 Full range 150 150
Short-circuit
Ios ortelreu? 25°C +25  £40 £25 40 | mA
output current
| Supply current No load, 25°C 1.7 2.8 1.7 2.8 mA
cc PRy Vg =0 Full range 3.3 3.3
Total power No load, 25°C 50 85 50 85
Pp it mw
dissipation Vo =0 Full range 100 100

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range
for uA748C is 0°C to 70°C and for uA748M is —55°C to 125°C.
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics, Vcc+ = 15V, Veec- = —-15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ty Rise time Vi=20mV, R_ =2k 0.3 us
CL = 100 pF, Cc = 30 pF,
Overshoot factor See Figure 1 5%
Vi =10V, RL = 2 kQ,
SR Slew rate at unity gain CL = 100 pF, Cc = 30 pF, 0.5 Vips
See Figure 1 )
i
TExas b
INSTRUMENTS
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uA748C, uA748M

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

Vi

—— OV

INPUT VOLTAGE
WAVEFORM

N2 (OPEN)

INPUT Ej

comp

Cc = 30 pF =

TEST CIRCUIT

FIGURE 1. RISE TIME, OVERSHOOT, AND SLEW RATE

OUTPUT

INPUT OFFSET CURRENT

vs§

FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

Vs

INPUT BIAS CURRENT

FREE-AIR TEMPERATURE

100 T 1 400 T
Vee+=1V ] Vee+=15V
vVee-=-15V vVee-=-15V

< 80 M\ : <
T £ 300
4 L
E :
5 60 5 |
b N = uazasc | It S —| ua7asc | =t
$ ' £ 200 N T
S | 3 N I
H A | £ N |
£ N I N
' : 2 100 '
(@] -_—
= 20 1 I
AN | T
]
0 0

—60 -40-20 0 20 40 60 80 100 120 140
TA—Free-Air Temperature—"C

FIGURE 2

FIGURE 3

-60-40-20 0 20 40 60 80 100 120 140
Ta—Free-Air Temperature—°"C
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uA748C, uA748M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

MAXIMUM PEAK OUTPUT VOLTAGE
vs

MAXIMUM PEAK OUTPUT VOLTAGE
Vs

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

LOAD RESISTANCE FREQUENCY
14 = +20 T T T 7T
> Vee+=15V =g . Vee+=15V
1 *13tvee_=-15V > 18 Vee—=-15V
g i12|Ta=25°C %116 RL = 10 kQ
£ P :c-_; Cc =30pF
2 1 S i Ta=25°C
3 5
5 10 / £ 12
o / 3 \
3 19 / X 10
o &
g +8 g +8 \
£
E E
5 +7 / X 6 \
E ©
L 6 E, +4
H / s
>o 15 / O 12 NN
+ S
+4 0
01 02 04 07 1 2 4 710 100 1k 10k 100 k ™M
R —Load Resistance—k{2 f—Frequency—Hz
FIGURE 4 _FIGURE 5
OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
Vs Vs
SUPPLY VOLTAGE FREQUENCY
> 400 — 107 T T
E | RL=2k0Q Vee+ =15V
> Ta=25°C L1 § 106 Vee-=-15V,
§ 200 Pt 5 RL=2kQ
k-1 -:: 5 Cc =30pF
g // g " \ Ta=25C
g 100 —_ 3 104
< e
® Z %
g A S 103
3 < 3
3 40 // fg 102
- @
c =
e =
3 o 101
£ ]
a 20 o)
1 >
[a] < 1
I
10 10 1
0 2 4 6 8 10 12 14 16 18 20 1 10 100 1k 10k 100k 1M 10M 100 M
|Vce+l—Supply Voltage—V f--Frequency—Hz
FIGURE 6 FIGURE 7
i
EXAS b
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uA748C, uA748M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs Vs
FREQUENCY ELAPSED TIME
100 28

o VC(I;+ = 1'5 v
'z 20 vVee-=-15V 2
] 80 Rg = 10 k2
< N\ Cc=30pF 2 PN
s N Ta=25°C > ~
8 70 \ 1 % 90%
@ U
= 60 S g 16 [

- 1
ﬂ \ 3 fl
B8 50 S 12 .
T \ H [ ! Vees =15V
g \& 5 8 : Vee—==-15V
E 30 ] / | RL =2k
K \ 9 a : CL =100 pF
x 20 : 0% ! Cc =30 pF
[+ h ' — o

0 Ta=25C
g 10 -ty 1 A |
0 -4 |
1 0 100 1k 10k 100k 1M 10M 100 M 0 0.5 1 15 2 25
f—Frequency—Hz t—Time—us
FIGURE 8 FIGURE 9

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

8 T T T
Vee+=15V
6 Vee—-=-15 V]
> -4 RL = 2kQ
1 3 -
¢ 4 / '\ CL=100pF |
£ [ 1\ Cc = 30 pF
‘><5 ) OUTPUT J| TA=25°C
-
: :
5 ° -
= / INPUT:
E -2
S { '
5 N
c —4 +
- ] AN
: -6
-8
0 10 20 30 40 50 60 70 80 90
t—Time—pus
FIGURE 10
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uA748C, uA748M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

Vee+

+ I
I \"
\7] I
-i- comp N1 N2 X

Vee - 30 pF (OPEN)

rj = 400 MQ, BW = 1 MHz
Cj = 1 pF,

FIGURE 11. UNITY-GAIN VOLTAGE FOLLOWER

R2
AN
Vo _FE
vi R1
o o R1:30pF
C=R1+R2
RL = 2 kO
L R1 - R2
- R =T r2

FIGURE 12. INVERTING CIRCUIT WITH ADJUSTABLE GAIN
COMPENSATION, AND OFFSET ADJUSTMENT

{i’
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ORDERING INSTRUCTIONS

ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical

outline drawings shown in this section.

Factory orders for circuits described in this data book should include a four-part type number as shown in the following

example.
Example: TL 598M J /883B
Prefix
MUST CONTAIN TWO OR THREE LETTERS
SN .......... T Special Functions or Interface Products
TLTLE e Tl Linear Products
TLC .., Tl Linear Silicon-Gate CMOS Products
STANDARD SECOND-SOURCE PREFIXES
AD Analog Devices
ADC,LF, LM, LR, orMP .. ... ... ..ot National
LTorLTC ...ovvei i Linear Technology
MC Motorola
NE,SA,OrSE ...t Signetics
O i e PMI
RC,RM,0rRV ... . it Raytheon
UA e Fairchild/National
UC e e e e Unitrode
Unique Circuit Description Including Temperature Range
MUST CONTAIN TWO OR MORE CHARACTERS
(From Individual Data Sheets)
Examples: 10 34070
592 1451AC
7757 2217-285
Package
MUST CONTAIN ONE OR TWO LETTERS
D, DB, DW, FK, FN, J, JD, JG, KC, KK, KV, LP, N, NS, NT, NW, P, PK, PW, U
(From Pin-Connection Diagrams on Individual Data Sheet)
MIL-STD-883B, Method 5004, Class B
Omit /883B When Not Applicable
Texas ‘W
INSTRUMENTS
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ORDERING INSTRUCTIONS

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer
(with possible additlonal costs), circuits will be shipped via the most practical carrier.

Dual-In-Line (J, JD, JG, N, NT, NS, NW, P-)  Shrink Small Outline (DB) Plug-In (LP)
— A-Channel Antistatic or — Tape and Reel — Plastic Bag
Conductive Plastic Tubing Thin Shrink Small Outline (PW) — Tape and Reel
— Tape and Reel
Small Outline (D, DW) Chip Carriers (FK, FN) Power Tab (KC, KK, KV)
— Tape and Reel — Antistatic or Conductive — A-Channel Antistatic or
— Antistatic or Conductive Plastic Tubing Conductive Plastic Tubing
Plastic Tubing
Flat (U)

— Milton Ross Carriers

Texas "'3
INSTRUMENTS
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MECHANICAL DATA

D008, D014, and D016 -
plastic small-outline packages

Each of these small-outline packages consists of a circuit mounted on a lead frame and encapsulated within a
plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require no
additional cleaning or processing when used in soldered assembly.

D008, D014, and D016 t D .
(16-pin package used for illustration) Designation per JEDEC Std 30:
PDSO-G8
< A > PDSO-G14
4,00 (0.157) PDSO-G16
3,81 (0.150)
‘ H HHHHHH H
6,20 (0.244)
5,80 (o 228)
5,21 (0.205)
4,60 (0.181)
1750069 | 7 Plage 0,229 (0.0090)
,75 (0. 3 Places 0 (0.020;
1,35 (0.053) gfg?%m% X 45° NOM a\ 0190 (0.0075)
\ r4 \
v T a7  —
T \T\
0,51 (0.020
0,203 (0.008 _T ‘ "‘ }“ 0,36 (0.014) A o
0,102 (0.004) °x
0,79(0.031) _ | ' 7° NOM :
0,28 (0.011) Pin Spacing 4 Places 1,12 (0.044)
0,51 (o 020)
— 1,27 (0.050)
(see Note A)
DIM PINS 8 14 16
4,80 8,55 9,80
AMIN (0.189) | (0.337) | (0.386)
5,00 8,74 10,00
AMAX™ | (0197) | (0.344) | (0.394)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material condition.
B. Body dimensions do not include mold flash or protrusion.
C. Mold flash or protrusion shall not exceed 0,15 (0.006).
D. Lead tips to be planar within 0,051 (0.002) exclusive of solder.

i
Texas ‘3
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MECHANICAL DATA

DB008, DB014, DB016, DB020, and DB024
shrink small-outline packages

These shrink small-outline packages consist of a circuit mounted on a lead frame and encapsulated within a
plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require no
additional cleaning or processing when used in soldered assembly.

DB008, DB014, DB016, DB020, and DB024 Designation per JEDEC Std 30:
(24-pin package used for illustration) PDSO-G8
A . PDSO-G14
h e PDSO-G16
PDS0-G20

HEMRGRRRL g

740 580
5,00

I e | -
«+  nbbbobodddd

T - “ \ ) 10° MAX
2,00 MAX (i
T+ T L ==
0.05 N | l | JLng.; 0% - 0
B | '«

Pin Spacing 0,65 NOM (see Note A)
[&] o015

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS

NOTES: A. Leads are within 0,25 mm radius of true position at maximum material condition.

B. Body dimensions do not include mold flash or protrusion.

C. Mold or flash end protrusion shall not exceed 0,15 mm.

D. Interlead flash shall be controlled by Tl statistical process control (additional information available through Tl field office).
E

. Lead tips to be planar within 0,05 mm exclusive of solder.

DIM PINS 8 14 16 20 24‘
A MIN 2,70 5,90 5,90 6,90 7,90
A MAX 3,30 6,50 6,50 7,50 8,50
B MAX 0,68 1,30 0,98 0,83 0,68
j
Texas
INSTRUMENTS
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MECHANICAL DATA

DWo016, DW020, DW024, and DW028
plastic small-outline packages

Each of these small-outline packages consists of a circuit mounted on a lead frame and encapsulated within a
plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require no
additional cleaning or processing when used in soldered assembly.

DWO016, DW020, DW024, and DW028 Designation per JEDEC Std 30:

(20-pin package used for illustration) PDSO-G16
PDSO-G20

A ——> PDSO-G24

PDSO-G28

T AAAARAAAAD

10,65 (0.419)
10,15 (0.400)

7,55 (0.297)
7,45 (0.293)

l

RERLLEGLE

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

i 7°NOM 9,0 (0.354) .
3 Places 0,5 (0.02) x 45° —l « 8,6 (0.338) i
2,65 (0.104 / \ 1 )
el R IR =
0,30 (0.012) _| . T N /v‘ \v\ 7opNoM
0,10 (0.004) ‘ 0,490 (0.019) 4 Places
0,350 (0.014) 0,320 (0.013)
Co 0230 0. 009) 1,27 (0.050)
0,785 (0.031) _, 0,40 (0.016)
0,585 (0.023)
1,27 (0.050) TP (see Note A)
PINS
DIM 16 20 24 28
10,16 | 12,70 | 1529 | 17,68
AMIN
(0.400) | (0.500) | (0.602) | (0.696)
A MAX 10,36 | 12,90 | 1549 | 17,88
(0.408) | (0.508) | (0.610) | (0.704)

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material condition.

B. Body dimensions do not include mold flash or protrusion.

C. Mold flash or protrusion shall not exceed, 0,15 (0.006).
D. Lead tips to be planar within £0,051 (0.002) exclusive of solder.

Texas
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MECHANICAL DATA

FKO020, FK028, FK044, FK052, FK068, and FK084
ceramic chip carrier

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid and
braze seal. These packages are intended for surface mounting on solder leads on 1,27 (0.050) centers.
Terminals require no additional cleaning or processing when used in soldered assembly.

FK package terminal assignments conform to JEDEC Standards 1 and 2.

FK020, FK028, FK044, FK052, FK068, AND FK084 Designation per JEDEC Std 30:
(28-pin used for illustration) CQCC-N20
CQCC-N28
CQCC-N44
CQCC-N52
CQCC-N68
CQCC-N84

0,561 (0.020) _,,
0,25 (0.010)

P ost 000
T 0,25 (0.010)
1,40 (0.055) 1,14 (0.045)
1,14 (0.045) o 89 (0.035)
Y - |
X ; /.
0.71(0.028) | |q 4,‘ 1,14 (0.045) ’_J —
0,56 (0.022) 0,89 (o 035)
2,03 (0.080)
1,27 (0.050) T.P. 1,63 (0.064)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. See next page for A and B dimensions.

*p
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MECHANICAL DATA

FK020, FK028, FK044, FK052, FK068, and FK084
ceramic chip carrier (continued)

JEDEC OUTLINE | NUMBER OF A B

DESIGNATIONt TERMINALS MIN MAX MIN MAX
MS-004-CB 20 8,69 (0.342) 9,09 (0.358) 7,80 (0.307) 9,09 (0.358)
MS-004-CC 28 11,23 (0.442) | 11,63 (0.458) | 10,31(0.406) | 11,63 (0.458)
MS-004-CD aa 16,26 (0.640) | 16,76.(0.660) | 12,58 (0.495) | 14.22(0.560)
MS-004-CE 52 18,78 (0.740) | 19,32(0.760) | 12,58(0.495) | 14,22 (0.560)
MS-004-CF 68 23,83 (0,938). | 24,43(0.962) | 21,60(0.850) | 21,80 (0.858)
MS-004-CG 84 28,99 (1,141) | 29,59.(1.164) | 26,60(1.047) - |- 27,00 (1,063)

t All dimensions and notes for the specified JEDEC outline apply.

Texas “i’
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MECHANICAL DATA

FNO020, FN028, FN044, FN052, FN068, and FN084
plastic J-leaded chip carrier

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within an
electrically nonconductive plastic compound. The compound withstands soldering temperatures with no
deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The package is intended for surface mounting on 1,27 (0.050) centers. Leads require
no additional cleaning or processing when used in soldered assembly.

FN020, FN028, FN044, FN052, FN068, and FN084 Designation per JEDEC Std 30:
(20-PIN package used for illustration) S-PLCC-J20 S-PLCC-J28
D > S-PLCC-J44 S-PLCC-J52
[#]0.8 0007 @ @[ 0-£G) S-PLCC-J68 S-PLCC-J84
D1 (see Note B) —P | (see Note D)
410.18 (0. _~— Seating Plane
Llo1s 000 @le®[0-£6) < A1 (see Note B)
0.51 (0.020) R. M
0.002 IN/IN) [ B ] 051 (0.020) R. Max N |
=] | ] 0.10(0.004) |
1,22 (0.048) X
1:07 (0-042) 2 Places —» |4_ (see Note C) %j%fg—g%% —» l<i— 114 (0.048) o o0
R o 0,64 (0.025)
— - 081(0.082) 1\
@ T @ / O 0,66 (0.026) YP "‘l /
__u(?; 1 i 4 3 2 1 20 19 4a]] 41018 (0.007) ©[BO[ AG) 1 _—“—ET
@ :g @) 2 Sides (see Note E)
2 5 17 D2, E
< sl 40 0y iz
wi@ g @ Z Us 161 1.27 (0.050) T.P. — (see Note F)
R s IR EREC)
5o E}a—[? B T des ] - [#[o55 5015 G0 EQ)
o] ol8|le [¢]038 0015 @ FGE)]
e sl S [ 8 14 :| (see Note C) d
4] ¢ﬁ’ 9 10 11 12 13 ¥ \ r
— L i i | .
EI —> 0.51 (0.020) MIN.
L—- Note C
(58 Note ©) %%%fg:g%} (Includes Lead Finish)
SUM OF DAM BAR PROTRUSIONS TN"
TO BE 0,18 (0.007) MAXIMUM |
PER LEAD
%
1.53 (0.060)
| MIN.
i 3
0,53 (0.021) [ r
3 (0.
0,33 (o.m:s)_"l I '~ 0.64 (0.025) MIN.

[¢]o.18 0.007) B[ F-c G
[#]o.18 0007 @[ D-EG)]

(see table on following page for additional dimensions)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: B. All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M — 1982.
C. Dimensions D4 and E¢ do notinclude mold flash protrusion. Protrusion shall not exceed 0,25 (0.010) on any side. Centerline of center
pin each side is within 0,10 (0.004) of package centerline by dimension B. The lead contact points are planar within 0,10 (0.004).

. Datums and for center leads are determined at datum ,

. Datum is located at top of leads where they exit plastic body.

. Location of datums and to be determined at datum [ —H =],

. Determined at seating plane

o M m O

j
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MECHANICAL DATA

FN020, FN028, FN044, FN052, FN068, and FN084
plastic J-leaded chip carrier (continued)

JEDEC | NO.OF A Aq D,E Dy, Eq D2, Ez D3, Es
OUTLINE PINS MIN MAX MIN MAX MIN MAX MIN MIN MAX BASIC
MO-047AA | 20 419 | 457 | 229 | 305 | 978 | 1003 | 889 737 | 838 | 508
(0.165) | (0.180) | (0.090) | (0.120) | (0.385) | (0.395) | (0.350) (0.290) | 90.330) | (0.200)

MO-047AB | 28 | 19 | 457 | 229 | 305 | 1232 | 1257 | 1143 991 | 1092 | 7.62
(0.165) | (0.180) | (0.090) | (0.120) | (0.485) | (0.495) | (0.450) (0.390) | (0.430) | (0.300)

4,19 4,57 2,29 3,05 17,40 17,65 16,51 14,99 16,00 12,70

MO-047AC | 44 | 1 6s) | (0.180) | (0.090) | (0.120) | (0.685) | (0.695) | (0.650) ©.590) | (0.630) | (0.500)
- 29 | 1994 | 2049 [ 1 | 1758 1854 | 504
(0.165) | (0.200) (0.795) | (0.750) | (06%0) {0.600)

4,19 5,08 25,27 24,13 22,61 20,32

MO-047AE | 88 | 3 165) | (0.200) | (0.090) | (0.130) | (0.985) | (0.995) | (0.950) (0.890) (0.800)
419 | 508 | 229 | 330 | 30,10 | 3035 | 2921 27,69 25,40

MO-047AF 84 1 0.165) | (0.200) | (0.090) | (0.130) | (1.185) | (1.195) | (1.150) (1.090) (1.000)

NOTES A: Al dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M — 1982.

F: Determined at seating plane .

j
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MECHANICAL DATA

Jo14
ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and lead frame. Hermetic
sealing is accomplished with glass. The package is intended for insertion in mounting hole rows on 7,62 (0.300)
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package in
the board during soldering. Tin-plated ("bright-dipped”) leads require no additional cleaning or processing when
used in soldered assembly.

Designation per JEDEC Std 30:

Jo14
GDIP-T14
19,94 (0.785)
"— 19,18(0.755) —”

AV AYAYAYAYA

12 8
¢ ¢ 0,63 (0.025) R NOM

[« T30 1 _Z

o NYAYAYAYAYAY

7,11 (0.280)
6,22 (0.245)

le
L 1,27 (0.050)
_" r NOM

0,51 (0.020) MIN —l

—»‘ '1— 1,78 (0.070) MAX 14 Places
||

f Glass
5,08 (0.200) MAX Sealant
105° Seating y
90° Plane * »— 0,69 0.027) Min
14 Places ) 14 Places
3,30 (0.130) —
omeng e W - h— szem
14 Places 2,54 (0.100) 14 Places
1.78 (0.070) (see Notes B & C)
4Places  py, gpacing 2,54 (0.100) T.P.

(see Note A)

Falls within JEDEC TO-116 and EIA MO—-001AA dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position..

B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane.

i
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INSTRUMENTS

3-12 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

J016, J018, J020, and J022
ceramic dual-in-line

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame.
Hermetic sealing is accomplished with glass. These packages are intended for insertion in mounting-hole rows
of 7,62 (0.300) centers for the JO16, JO18, J020, and 10,16 (0.400) centers for the J022, respectively. Once the
leads are compressed and inserted, sufficient tension is provided to secure the package in the board during
soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when used in solder
assembly.

J016, J018, J020, and J022 Designation per JEDEC Std 30:
(22-pin package used for illustration) GDIP-T16
GDIP-T18
GDIP-T20
GDIP-T22
M . =
e T e T I e I e e O s B s Y sk Y ke |
0,63 (0.025) 22 12
RNOM N\
11 1
M i o o O O o o o o
€ €
»—B
—C 0.51 (0.020) MIN
>l ledl— 1,27 (0.050) NOM |
[ Glass
3,30(0.130) — 5.08 (o_goo)L Sealant
MIN MAX
Seating v -
Plane 4 J L
22 Places X
0,36 (0.014 H 0,584 (0.023
~’\\<—a’ﬁ{m—a} 0308 (0.012) MIN Sle LT o076 0,030 min e oo
> aces 18 Places 22 Places
22 Places
Pin Spacing (see Notes B & C)
2,54 (0.100) T. P.
(see Note A) 1,27 (0.050,
0,38 (0.015)
4 Places
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
DIM A B C
PINS MIN MAX MIN MAX MIN MAX
16 19,18 (0.755) | 19,94 (0.785) | 7,37 (0.290) | 7,87 (0.310) | 6,22(0.245) | 7,62 (0.300)
18 23,1 (0.910) |17,37(0.290) | /7,87:(0.310) | 6,22(0.245) | 7,62(0.300)
20 23,62 (0.930) | 24,76 (0.975) | 7,37 (0.290) 7,87 (0.310) 6,22 (0.245) 7,62 (0.300)
22 28,0 (1.100) | 9,91 (0.390) | 10,41 (0.410) 9,65 (0.388)

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the seating
plane.

Texas !
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MECHANICAL DATA

J028

ceramic dual-in-line package
This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and lead frame. Hermetic
sealing is accomplished with glass. The package is intended for insertion in mounting hole rows on 15,24 (0.600)
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package in
the board during soldering. Tin-plated ("bright-dipped”) leads require no additional cleaning or processing when
used in soldered assembly.

Jo28 Designation per JEDEC Std 30:

GDIP-T8
GDIP-T14
GDIP-T16

4 37,1 (1.460) MAX ———————— P>
AVYAYAYAY AV AV AV AV AVAVYAVAVAYAY
28 15

¢ ¢ 0,63 (0.025) R ~/
- 15,49 (0.610) | NOM 1 14
14,99 (0.590)
NYAYAYAYAYAYAYAVAVAVAVAVAVAY
L 14,2 (0.560)
13,1 (0.515) 1,78 (0.070)
5 0.51(0.020) Glass Sealent
1,27 (0.050) NOM
'*l € ( ) ] —»I In— 1,78 (0.070) MAX 28 Places
A [ 3
5.7 (0.225)
3,8 (0.150)
105° — Seating v
90° Plane
28 Places
§ 4,06 (0.160) 0,71 (0.028) MIN
0,36 (0.014) \" 3’1—7(01—25—) 28 Places
0,20 (0.008) 28 Places 0,51 (0.020)
14 Places 0,41 (0.016)
2,54 (0.100) ) 28 Places
1,52 (0.060)
4 Places Pin Spacing 2,54 (0.100) T.P.

(see Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: D. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

E. This dimension does not apply for solder-dipped leads.
F. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane.

i
Texas
INSTRUMENTS

3-14 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

JD024 and JD028

ceramic side-braze dual-in-line packages
These hermetically sealed dual-in-line packages consist of a ceramic base, metal cap, and side-brazed
tin-plated leads. These packages are intended for insertion in mounting-hole rows of 15,24 (0.600) centers.
Leads require no additional cleaning or processing when used in solder assembly.

Designation per JEDEC Std 30:
GDIP-T24
GDIP-T28

JD024 and JD028
(28-pin package used for illustration)

v

A

B MAX

o I e OO e e Y e Y s Y e T v SO s Y e N e s O o |

CNlM
IndexMark—/u‘—’“‘—’L—"—‘l—'uuuuuuu
¢ ¢
) A q i le 1:78(0.070) 5,08 (0.200) MAX
0,51 (0.020) MIN ’ 0,76 (0.030)

| » 3

,l___
Sg’atlng |

o ane
105°j t il
920 ]

1,91 (0.075) MAX —! }4—’
4 Places

3,18 (0.125) MIN

 0.36(0.015) v 05 0.0
0.25(0.008)  py; Spacing 2,54 (0.100) T.P. "‘ }4- o”’a—s‘éo'Ts‘;
(see Note A) ’ ’

PINS
OIN 24 28
A *0,51(+0.020) | 1524 (0.600) | 15,24 (0.600)
-0,25 (~0.010)
B (MAX) 31,8 (1.250) | 36,8 (1.450)
C (NOM) 15,0 (0.590) | 15,0 (0.590)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

/
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MECHANICAL DATA

JGo008
ceramic dual-in-line package

This hermeticaily sealed dual-in-line package consists of a ceramic base, ceramic cap, and lead frame. Hermetic
sealing is accomplished with glass. The package is intended for insertion in mounting hole rows on 7,62 (0.300)
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package in

the board during soldering. Tin-plated ("bright-dipped”) leads require no additional cleaning or processing when
used in soldered assembly.

JGOo8 Designation per JEDEC Std 30:

GDIP-T8
10,2 (0.400)
Il‘—“ 9,0(0.355) |

ATATA

0,63 (0.025) R NOM

— 757 (0250 UUUU

7,11 (0.280)
6,22 (0.245) 5,08 (0.200) 1,78 (0.070) 8 Places
1,27 (0.050) NOM MAX
Glass
0,51 (0.020) MIN 14 Sealant
Seating -
Plane 4 |¢_ 0,76 (0.030) MIN

8 Places

0,36 (0.014)
8 Places 58 (0.023)
& 020 0. ooa) 3,30 (0.130) MIN -Pl 2o8.40.08
8 Places Lo O P
1,6 (0.065
0,4 (0.015) Pin Spacing
4 Places 2,54 (0.100) T.P.
(see Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

EXAS "i*?
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MECHANICAL DATA

KCo003

plastic flange-mount package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation, and circuit performance characteristics will

remain stable when the package is operated under high-humidity conditions.

Designation per JEDEC Std 30:

R-PSFM-T3

KC003
(0,032 3 0:003) 0,64 (0.025) R NOM_
3 Places (see Note A) 3,96 (0.156)
2,79 (0.110) 1,78 (0.070 3,71 (0.146)
2,29 (0.090) l’ 1,14 (0.045)
——- Sz T
1
5,34 (0.210) t e ﬂ:{/ | 10,67 (0.420)
3,82(0.190) — — | ‘J(: ] 9,65 (0.380)
,___________r—‘—"-—'
—— R ~IN l
. L A
Pin Spacing | 208 (0.120)
2,79 (0.110) ¢—;|-.- 2,99 (U. 14
2,29 (0.090) — 6,35 (0.250) ! 2,54(0.100)
(see Note B) 14,27 (0.562) MAX
12,70 (0.500)
15,88 (0.625)
14,22 (0.560)
0,64 (0.025) a5° N | 6,86 (0.270)
0,30 (0.012) (see Note &) _ . ]“ ¥ 5.84 (0.230)
v ( ‘ N\ :
4 v
T 11
1,40 (0.055) _I
2,92 (0.115) 1,99 3,56 (0.140)
2,03 (0.080) 0,51(0.020) 3,05 (0.120)

The center terminal is in electrical contact with the mounting tab.
Falls within JEDEC TO-220AB dimensions

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

N\

4,83 (0.190)
3,56 (0.140)

NOTES: A. Notches and/or mold chamfer may or may not be present.

B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions.

Texas
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POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

3-17



MECHANICAL DATA

KC005
plastic flange-mount package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation, and circuit performance characteristics will

remain stable when the package is operated under high-humidity conditions.

KC005 Designation per JEDEC Std 30:
4,83 (0.190) R-PSFM-T5
3,56 (0.140)
<«—>— 3,56(0.140)
,05 (0.120
10,67 (0.420) 3,05(0.120)
3,96 (0.156) 0.0
3,71 (0.146) 9,65 (0.380) 1,40 (0.055)
E . _" 0,51 (0.020)
6,86 (0.270,
0,64 (0.025) R NOM mz—oza—o; =1~
2 Places - ’ ¢ )
(see Note A) 3,05 (0.120) 15,88 (0.625)
2,54 (0.100) 13,22 (0.560)
45°
(see Note A)
14,27 (0.562
12,70 (0.500) I
2,92 (0.115)
r:l;os(':)agg;? —4» L 1,02 (0.040) 2,03 (0.080)
’ - D IEID 020
(see Note B) 0.7 (0-0%0) 0,64 (0.025)
5 Places 0,30 (0.012)
5 Places
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Notches and chamfer may or may not be present.
B. Leads are with 0,13 (0.005) radius of true position (T.P.) at maximum material conditions.

3-18
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MECHANICAL DATA

KK003

plastic flange-mount package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation, and circuit performance characteristics will
remain stable when the package is operated under high-humidity conditions.

KKo03 Designation per JEDEC Std 30:
X-PSFM-T3
| 16,26 (0.640)
1,78 (0.070) 1575 (0620) e i,gg (gﬁ;g)
1,52 (0.060)_"‘ "_ 5,08 (0.200) 15° NOM
’ ' [ 2,75 (0.180) __
4,57 (0.180)
v v 4,06(0.160)
2 Places 15° NOMF
22,35 (0.880) x B
21,84 (0.860) 41
Mounting Hole
3,18 (0.125) i\
DIA NOM |
— -
R 2
" 6,35 (0.250) 7° NOM
20,83 (0.820) MAX
19,81 (0.780)
l——— 2,29 (0.090) |
1,52 (0.060) 1,78 (0.070) 2,29 (0.090)
1,02 (0.040) 1,78 (0.070) j 1
0,89 (0.035
Lead Spacing — g;g (g}?g) + 0,64 (0.025)
5,08 (0.200) —1 19 0
TP

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

j
Texas "3
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MECHANICAL DATA

KV005

plastic flange-mount package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastié compound. The
compound will withstand soldering temperature with no deformation, and circuit performance characteristics will
remain stable when the package is operated under high-humidity conditions.

KV005

Designation per JEDEC Std 30:
R-PSFM-T5
3,96 (0.156) 4,83(0.190)
3,71 (0.146) 3,56 (0.140)
> 5520
3,05 (0.
o4 0oznyNom | |e— 10870420
2 Places ’ ’ 3,05 (0.120) 1,40 (0.055)
(see Note A) 2,54 (0.100) "‘ 0,51 (0.020)
6,86 (0.270)
\TJ C 5, 84 0230 | T &
15,88 (0.625 15,77 (0.621)
14,22 (0.560) NOM
18,03 (0.710)
21,920 (0.863) . NOM
MIN 45
(see Note A)
25,4 (1.00)
MIN
L] —
L -
pl_ 2:92(0.115)
— - 0,64 (0.025) 2,03 (0.080)
0,30 (0.012) l"‘
1,02 (0.040)
Lead Spacing - 0,76 (0.030) ‘1—-’— : g; (g':gg)
1,70 (0.067) 5 Places ’ ’
(see Note B) 8,59 (0.338
8,20 (0.323)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Notches and chamfer may or may not be present.
B. Leads are with 0,13 (0.005) radius of true position (T.P.) at maximum material conditions.
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MECHANICAL DATA

KVO007 plastic flange-mount package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation, and circuit performance characteristics will
remain stable when the package is operated under high-humidity conditions.

KV007 Designation per JEDEC Std 30:
R-PSFM-T7
4,597 (0.181) _|
2547 (0.179) ¢ >
N 3,43 (0.135)
10,39 (0.409) 3,17 (0.125)
4 10,13 (0.399) Zeroal (g']g) 1,40 (0.055) _ )
3.9 (0156 ,62 (0. 1,14 (0.045) r_
3,71 (0.146) ~ ! :‘
U 4& - ' - -
5
3,73 (0.147) =l |—
T 3,48 (0.137) A
8,51 (0.335) 17,58 (0.692) ‘>\
8,25 (0.325) 17,32 (0.682) a5°
20,88 (0.822,
l ) 20,62 (0.812)
3\\
I 5 57
| —F 3,05 (0.120)
I \ " 2,79(0.110)
|
1 1
0,762 (0.030) o 140 (g'gig) 2,79 (0.110)
0,660 (0.026) 140 2,54 (0.100)
P 7,75 (0.305)
< 7,49 (0.295) 7,75 (0.305)
7,49 (0.295) 0,51 (0.020)
—»4— (0,25 (0.010)
9,52 (0.375)
9,27 (0.365) NOM
0,63 (0.025)
0,38 (0.015)
. L | 10,211 (0.4020)
Jl:_ >~ 10,109 (0.3980)
5
2 Places
ALL LINEAR DIMENSIONS ARE IN MILLILMETERS AND PARENTHETICALLY IN INCHES.

ji
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MECHANICAL DATA

LP00O3
plastic cylindrical package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation and circuit performance characteristics
remain stable when operated in high-humidity conditions. Leads require no additional cleaning or processing
when used in soldered assembly.

LLPO03 ) Designation per JEDEC Std 30:
PBCY-W3
1,27:0,13 _
(0.050 = 0.005) 4,19 (0.165)
3,17 (0.125)

Seating Plane 2545013
1,27 (0.050) (0.100 = 0.005) | | 267 (0.105
(see Note A) 2,03 (0.080)
L
3,43 (0.135) — — = =
MIN
v |
R

| 5,34(0210)
521 (0.205) A 2,32 (0.170)
4,44 0.175) l—— 12,7 (0.500) MIN

3 Leads
2,67 (0.105 0,43 + 0,13, - 0,03 WIDE
2.03 (0_05; 0,38 = 0,03 THICK

’ (0.017 + 0.005, — 0.001 WIDE
0.015 = 0.001 THICK)

Falls within JEDEC TO-226AA dimensions
(TO-226AA replaces T0O-92)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Lead dimensions are not controlled within this area.

j
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MECHANICAL DATA

NO014, NO16, NO18, and N0O20
300-mil plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation and circuit performance
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for
insertionin mounting-hole rows on 7,62 (0.300) centers . Once the leads are compressed and inserted, sufficient
tension is provided to secure the package in the board during soldering. Leads require no additional cleaning
or processing when used in soldered assembly.

NO014, NO16, NO18, AND N020 Designation per JEDEC Std 30:
(20-pin package used for illustration) PDIP-T14 PDIP-T18
PDIP-T16 PDIP-T20

0 11
NANANANAN NN AN A

2,4 (0.093) R NOM -+
B —f—¥

VV\HV\H\H\H\HV\I

10
D o 25 (0.010) NOM 0,51 (o 020) Al >
—b] I*— 1,78 (0.070) MAX 18 Places
I |
? 5,08 (0. 200) MAX 1
_____ Seating

Plane 4
90°
20 Places y|l¢— %%%} 3,94(0.155) M le— lﬂ—bl—‘ ‘,|

16 Places
)
20Places 31700125 @ Pin Spacing 2,54 (0.100) T.P.
(see Notes B and C) 4 Places (see Note A) 0,533 (0.021)
! 0,381 (o 015)
20 Places
(see Notes B and C)
A2 >
]‘_ 1,91 (0.075) 0,51 (0.020) Alternate Side View
1,02 (0.040) MIN —¥ [+ 1,78 (0.070) MAX 20 Places
4 Places % i ™
VIEW A 5,08 (0.200) MAX

Parts may be supplied in accordance £
with the alternate side view at the
option of Tl. European-manufactured F
parts may have pin 1 as shown in view 3,94 (0.155) I‘_ J 20 Places
A. Alternate-side-view parts 3,17 (0.125)
manufactured outside of the USA H Pin Spacing 2,54 (0.100) T.P. 0,533 (0.021
may have a maximum package length 4 Places (see Note A) 513814(ﬁ1—5‘}
of 26,7 (1.050). 20 Places

(see Notes B and C)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane.

j
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MECHANICAL DATA

NO14, NO16, NO18, and N020
300-mil plastic dual-in-line package (continued)

PIN
DIM 14 16 18 20
MIN 18,0 (0.710) 23,22 (0.914)
At MAX 19,8 (0.780) 19,8 (0.780) 23,4 (0.920) 24,77 (0.975)
MIN 18,0 (0.710) 23,62 (0.930)
A2 MAX 19,8 (0.780) 25,4 (1.000)
B NOM 2,8 (0.110) 2,8 (0.110) 4,06 (0.160) 2,80 (0.110)
MIN 7,37 (0.290) 7,37 (0.290) 7,37 (0.290) 7,37 (0.290)
¢ MAX 7,87 (0.310) 7,87 (0.310) 7,87 (0.310) 7,87 (0.310)
MIN 6,10 (0.240) 6,10 (0.240) 6,60 (0.240)
o MAX 6,60 (0.260) 6,60 (0.260) 6,99 (0.275) 7,11 (0.280)
NOM 2,0 (0.080) 2,0 (0.080) 2,03 (0.080) 2,0 (0.080)
F MIN 0,84 (0.033) 0,84 (0.033) 0,89 (0.035) 0,84 (0.033)
MIN (see Note A) 0,38 (0.015) (See Note A) 1,68 (0.066)
G MAX (see Note A) 1,65 (0.065) (see Note A) 0,22 (0.009)
MIN 2,54 (0.100) 1,02 (0.040) 0,23 (0.009) 0,38 (0.015)
H MAX 1,52 (0.060) 2,41 (0.095) 1,91 (0.075) 1,27 (0.050)

NOTES: A. The 14-pin and 18-pin plastic dual-in-line package is only offered with the external pins shaped
in their entirety, and do not have alternate side view dimensions.

INSTRUMENTS
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MECHANICAL DATA

N022
400-mil plastic dual-in-line package

This dual-in-line package consist of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation and circuit performance
characteristics will remain stable when operated in high-humidity conditions. This package is intended for
insertion in mounting-hole rows on 10,16 (0.400) centers . Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional
cleaning or processing when used in soldered assembly.

N022 Designation per JEDEC Std 30:
PDIP-T22

22 12
| s o A I Y

Eitheror )

Both
Index Marks\‘
C I JLJ L JCJCJCJCJCJCJCJ
1
10,41 (0.410) 1
9,91 (0.390 e
(0.390) 0,51 (0.020) 28,5 (1.120) MAX

9,02 (o 355) MIN

Max
5,08 (0.200) MAX
__ Seating
105° Plane f
90° >
20 Places 0,84 (0.033) MIN
r/’\ ¢ 3,17 (0.125) MIN 22 Places

0,355 (0.014) Pin Spacing 2,54 (0.100) T.P. 1,78 (0.070) MAX
0,203 (0.008) (see Note A) 22 Places 0,533 (0.021)
22 Places 0,381 (0 015)
(see Notes B and C) 22 Places

(see Notes B and C)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: B. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
C. This dimension does not apply for solder-dipped leads.
D. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane.

i
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MECHANICAL DATA

N028
600-mil plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation and circuit performance
characteristics will remain stable when operated in high-humidity conditions. This package is intended for
insertion in mounting-hole rows on 15,24 (0.600) centers (see Note A). Once the leads are compressed and
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no
additional cleaning or processing when used in soldered assembly.

N028 Designation per JEDEC Std 30:
PDIP-T28

36,6 (1.441) MAX

28 15'l
T e O v s e s s I s e O

¥

13,97 (0.550)
—¥ D MAX

Either or
Both
Index Marks\‘

LJLJLJ L JLJLJL L T L JLIJL L T 1L

1 14
o 15,49 (0.610) ©
14,99 (0.590) 5,08 (0.200) MAX 3,17 (0.125) MIN
0,51 (0.020) MIN e
— Seating |
105° Plane I x
4+— 90° LR 2
Pin Spacing
e 2500100 TR el L‘ 0,84 (0.033) MIN J i
0,36 (0.014) (see Note A) 1,58 (0.062) ]
0,20 (0.008) 1,22(0.048)
28 Places 0,533 (0.021) 1,78 (0.070)
(see Notes B and C) 0,381 (0.015) 0,76 (0.030)
28 Places 4 Places

(see Notes B and C)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atleast 0,51 (0.020) above seating plane.

- TExas "’J
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MECHANICAL DATA

NSO016
plastic package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound withstands soldering temperature with no deformation, and circuit performance characteristics
remain stable when operated in high-humidity conditions. Leads require no additional cleaning or processing

when used in soldered assembly.

NS016

NN000000

/

16 9
1 8
\J

e

Jguouuuouth

10,5 (0.413)
9,9 (0.390)

—» 0,81 (0.032) MAX

2,0 (0.079) MAX

/ Il } \

1,39 (0.055) 0,45 (0.018)
1,15 (0.045) 0,35 (0.014)

A

. / v

0,95 (0.037)
0,55 (0.021)

Designation per JEDEC Std 30:

PDSO-G16

4— 50 (0.297) >

8,2 (0.323)
7,4 (0.291)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

L
0,2 (0.008) MAX
—

0,17 (0.007)

0,13 (0.005)

+

j
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MECHANICAL DATA

NTO024
300-mil plastic dual-in-line packages

This package consists of a circuit mounted on a-lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation and circuit performance characteristics will
remain stable when operated in high-humidity conditions. This package is intended forinsertion in mounting-hole
rows on 7,62 (0.300) centers . Once the leads are compressed and inserted, sufficient tension is provided to
secure the package in the board during soldering. Leads require no additional cleaning or processing when used
in soldered assembly.

NOTE: For all except 24-pin package, the letter N is used by itself since the 24-pin package may be available in more than one row-spacing. For

the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second letter or
row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing.

NT024 Designation per JEDEC Std 30:
' PDIP-T24

31,8 (1.250)
28,6 (1.125)
24 13
’ AN AV AY AV AY AY AV AY AV AVAYA
2,4 (0.093) R NOM ——ﬂ
¢ 2,8 (0.110) NOM — &
7,87 (0.310) YYVYYYYYYYYYY
7,37 (0.290) 1 12
0,38 (0.015
7,1 (0.280) MAX JHN ) 1,78(0.070) b oo
2,0 (0.080) NOM 1,14 (0.045)
v B
0,25 (0.010)NOM 5,08 (0.200)
MAX h 4
Seating _
Ll Plane A T
90° -
. A

4,06 (0.160) 0, 021
0,36 (0.014) _3\\47 3,17 (0.125) *o,gg'?‘:‘g'.ms; _’“'_

Oéisp(gg;g) (see Notes B and C)
(see Notes B and C) 2,16 (0.085) __, 1,14 (0.045) MIN
0,71 (0.028)
4 Places —p Pin Spacing 2,54 (0,100) NOM

(see Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane.

*p
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MECHANICAL DATA

NwWo024
600-mil plastic dual-in-line package

This dual-in-line package consist of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation and circuit performance
characteristics will remain stable when operated in high-humidity conditions. This package is intended for
insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional
cleaning or processing when used in soldered assembly.

NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. For
the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second letter or
row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing.

NWo024 Designation per JEDEC Std 30:
PDIP-T24
l¢——————— 32,8 (1.290) MAX ————————— P
24 13
" i ==
2,8 (0.110) NOM —
1 12
15,49 (0.610)
14.99 (0.590) YAYAYAYAYAYAYAYAYAYAYAYS
14,0 (o 550)
2,0 (0.0 oM 1,78 (0.070) MAX
0.0 0»25 (0.010) NOM 0,51 (0.020) MIN l" 24 Places
ol f
5,08 (0.200)
MAX
____ Seating
Plane T
90° v
24 Places 0,533 (0.021)
0,36 (0.014) 3"; ﬁ}"’s) MIN 0,381 (0.015) —le—-
0,20 (0.008) aces 24 Places
24 Places 2,42 (0.095) MAX —P! (see Notes B and C)
(see Notes B and C) 4 Places
0,83 (0.095) MAX
Pin Spacing 2,54 (0.100) T. P. 2‘(, p,ac)es
(see Note A)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atleast 0,51 (0.020) above seating plane.
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'MECHANICAL DATA

P008
plastic dual-in-line package

This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic
compound.The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high-humidity conditions. The package is intended for
insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient
tension is provided to secure the package in the board during soldering. Solder-plated lead require no additional
cleaning or processing when used in soldered assembly.

P008 Designation per JEDEC Std 30:
PDIP-T8
4

___ 7,87(0.310) R N Ry
7,37 (0.290)

6,60 (0.260)
[ 6,10 (0.240) 1,78 (0.070) MAX

8 Places

l¢— 10,2 (0.400) MAX —|
1 ar——r
8 5

Index Dot —
o4

©

y |
5,08 (0.200)
MAX

R L
Seating Plane

5° G Plane f
auge Plan 0,51 (0 020) —Pl l‘" 0,84 (0 033) MIN

8 Pglgces 9,76 (0.030 y MN Flaces

\ 0,00 (0.000)
i 0,533 (0.021)
317(0125) L—b‘—‘ —’ll“ 0,381 (0.015)

0,36 (0.014) 2,54 (0.100) T. P. (see Note B and C)
0,20 (0.008) 6 Places

(see Note B and C) " (see Note A)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane.
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MECHANICAL DATA

PKO003
plastic lead-mount package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation, and circuit performance characteristics will
remain stable when operated in high-humidity conditions.

PKO003 Designation per JEDEC Std 30:
PSSO-F3
¢ 4,60 (0.181)
4,40 (0.173) g
1,80 (0.071) MAX
0 (0.071) 1,60 (0.063) «—>
0,40 (0.016) NOM —1 1,40 (0.055)
2,60 (0.102)
2,40 (0.095) 4,25 (0.167) MAX
l L ‘ 0,80 (0.032) MIN
0,480 (0.019) MAX —» 0,44 (0.017) MAX <
| 1

—»| | [¢— 0,53 (0.021) MAX
1,50 (0.059) NOM

The center lead is in electrical contact with the tab
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

j
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MECHANICAL DATA

PWO008, PW014, PW016, PW020
shrink small-outline packages

These shrink small-outline packages consist of a circuit mounted on a lead frame and encapsulated within a
plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require no
additional cleaning or processing when used in soldered assembly.

PWOQB, PWO014, PW016, PW020 . Designation pér JEDEC Std 30:
(14-pin package used for illustration) PDSO-G8
PDSO-G14
— A —— PDSO-G16
PDS0O-G20

FAHAARH
14 8 __T 10° MAX
3 e =
d s Loy 08

DETAIL A

o

f

EEEELE
s—»L L *‘L—'%‘%

0,65 NOM
(see Note A)

1,10 MAX

- 0
See Detall “A” ‘/ 100

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS

NOTES: A. Leads are within 0,25 mm radius of true position at maximum material condition.
B. Body dimensions include mold flash or protrusion.
C. Mold flash or protrusion shall not exceed 0,15 mm.
D. Lead tips to be planar within +0,051 mm exclusive of solder.

PINS
DIM 8 14 16 20
AMIN 2,99 4,99 4,99 6,40
A MAX 3,03 5,30 5,30 6,80
B MAX 0,65 0,70 0,38 0,48

j
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MECHANICAL DATA

uoio
ceramic flat package

This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted.
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used in

soldered assembly.
uo10 Designation per JEDEC Std 30:
GDFP-F10
S350 4008 ”
10 Leads 1,27 (0.050) NOM
10 Leads /! o —’_1_ r— (see Note A)
—a
8,89 (0.350)
5,08 (0.200)
10 6
25,4 (1.000)
| 79,0(0.750) 6,35 (0.250)
] 5,97 (0.235)
7,62 (0.300) Alternate
(see Note B) l Index Points !
e 5
- _l —
2,03 (0.080)
1,27 (0.050) - « T
8,89 (0.350)
5,08 (0.200)
U w | LU U
1,27 (0.050 0,64 (0.025
o,13§o.005; > 0,00 Eo.ooo;
— 6,35 (0.250) —»

Falls within JEDEC MO-004AA dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions.
B. This dimension determines a zone within which all body and lead irregularities lie.
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MECHANICAL DATA

wo14
ceramic flat package

This hermetically sealed flat package consists of an électrically nonconductive ceramic base and cap and a lead
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when
used in soldered assembly.

wo14 : Designation per JEDEC Std 30:
0,152 (0.006) 0,483 (0.019) GDFP-F14
0,076 (0.003) N 0,387 (0.015) &

14 Leads 14 Leads —» '4— 1,271(20i:532)el:0M
i X MO nim (see Note A)
8,00 (0.315)
6,86 (0.270)
Base And .
Seating
Plane \—— ————— —_———_——————— —— | ATt ————--t—
. - - - - 4 —
7,0 (oT 275) 14 8
(sée Note B) (see Note C)
H 21,84 (0.860) 6,73 (0.265) p
21,34 (0.840) 5,97 (0.235)
4 1 7
2030080 o || . | &7 T _—T_‘ T
1,27 (0.050) - N
8,00 (0.315)
6,86 (0.270)
v JERininininini
1,02 (0.040) 0,64 (0.025)
0,51 (0.020) ™ 8,89 (0.350) - 0,25 (0.010)
e e —P 4 Places

8,56 (0.337)

Fall within JEDEC MO-004AA dimensions

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition.
B. This dimension determines a zone within which all body and lead irregularities lie.
C. Index point is provided on cap for terminal identification only.

i
Texas b
INSTRUMENTS

3-34 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



NOTES




NOTES




NOTES




NOTES




TI North
American Sales
Offices

ALABAMA: Huntsville: (205) 837-7530
ARIZONA: Phoenix: (602) 995-1007
CALIFORNIA: Irvine: (714) 660-1200
Roseville: (916) 786-9206

San Diego: (619) 278-9600

Santa Clara: (408) 980-9000

Woodland Hills: (818) 704-8100
COLORADO: Aurora: (303) 368-8000
CONNECTICUT: Wallingford: (203) 269-0074
FLORIDA: Altamonte Springs: (407) 260-2116
Fort Lauderdale: (305) 973-8502

Tampa: (813) 882-0017

GEORGIA: Norcross: (404) 662-7900
ILLINOIS: Arlington Heights: (708) 640-3000
INDIANA: Carmel: (317) 573-6400

Fort Wayne: (219) 482-3311

IOWA: Cedar Rapids: (319) 395-9550
KANSAS: Overland Park: (913) 451-4511
MARYLAND: Columbia: (301) 964-2003
MASSACHUSETTS: Waltham: (617) 895-9100
MICHIGAN: Farmington Hills: (313) 553-1500
MINNESOTA: Eden Prairie: (612) 828-9300
MISSOURI: St. Louis: (314) 821-8400

NEW JERSEY: Iselin: (908) 750-1050

NEW MEXICO: Albuquerque: (505) 345-2555
NEW YORK: East Syracuse: (315) 463-9291
Fishkill: (314) 897-2900

Melville: (516) 454-6600

Pittsford: (716) 385-6770

NORTH CAROLINA: Charlotte: (704) 527-0930
Raleigh: (919) 876-2725

OHIO: Beachwood: (216) 464-6100
Beavercreek: (513) 427-6200

OREGON: Beaverton: (503) 643-6758
PENNSYLVANIA: Blue Bell: (215) 825-9500
PUERTO RICO: Hato Rey: (809) 753-8700
TEXAS: Austin: (512) 250-6769

Dallas: (214) 917-1264

Houston: (713) 778-6592

UTAH: Salt Lake City: (801) 466-8973
WASHINGTON: Redmond: (206) 881-3080
WISCONSIN: Waukesha: (414) 798-1001
CANADA: Nepean: (613) 726-1970
Richmond Hill: (416) 884-9181

St. Laurent: (514) 335-8392

TI Regional
Technology
Centers

CALIFORNIA: Irvine: (714) 660-8140

Santa Clara: (408) 748-2220

GEORGIA: Norcross: (404) 662-7950
ILLINOIS: Adington Heights: (708) 640-2909
INDIANA: Indianapolis: (317) 573-6400
MASSACHUSETTS: Waltham: (617) 895-9196
MEXICO: Mexico City: 491-70834
MINNESOTA: Minneapolis: (612) 828-9300
TEXAS: Dallas: (214) 917-3881

CANADA: Nepean: (613) 726-1970

Customer
Response Center

TOLL-FREE: (800) 336-5236
OUTSIDE UNITED STATES:
(214) 995-6611
(8:00 a.m.-5:00 p.m. CST)

T1 Authorized
North American

Distributors

Alliance Electronics, Inc. (military product only)
Almac Electronics

Anthem Electronics

Arrow (Canada)

Arrow/Kierulft Electronics Group

Future Electronics (Canada)

GRS Electronics Co., Inc.

Hall-Mark Electronics

Lex Electronics

Marshall Industries

Newark Electronics

Rochester Electronics, Inc. (obsolete product only (508)
462-9332)

Wyle Laboratories

Zeus Components

T1 Distributors

ALABAMA: Arrow/Kierulff (205) 837-6955; Hall-Mark
(205) 837-8700; Marshall (205) 881-9235; Lex (205)
895-0480.

ARIZONA: Anthem (602) 966-6600; Arrow/Kierulff (602)
437-0750; Hall-Mark (602) 437-1200; Marshall (602)
496-0290; Lex (602) 431-0030; Wyle (602) 437-2088.
CALIFORNIA: Los Angeles/Orange County: Anthem
(818) 775-1333, (714) 768-4444; Arrow/Kierulff (818)
701-7500, (714) 838-5422; Hall-Mark (818) 773-4500,
(714) 727-6000; Marshall (818) 878-7000, (714)
458-5301; Lex (818) 880-9686, (714) 587-0404; Wyle
(818) 880-9000, (714) 863-9953; Zeus (714) 921-9000,
(818) 889-3838;

Rucklin: (916) 624-9744;

Sacramento: Hall-Mark (316) 624-9781; Marshall (916)
635-9700; Lex (916) 364-0230; Wyle (916) 638-5282;
San Diego: Anthem (619) 453-9005; Arrow/Kierulff (619)
565-4800; Hall-Mark (619) 268-1201; Marshall (619)
578-9600; Lex (619) 495-0015; Wyle (619) 565-9171;
Zeus (619) 277-9681;

San Francisco Bay Area: Anthem (408) 453-1200;
Arow/Kierultf (408) 441-9700; Hall-Mark (408) 432-4000;
Marshall (408) 942-4600; Lex (408) 432-7171; Wyle
(408) 727-2500; Zeus (408) 629-4789.

COLORADO: Anthem (303) 790-4500; Arrow/Kierulff
(303) 373-5616; Hall-Mark (303) 790-1662; Marshalt
(303) 451-8383; Lex (303) 799-0258; Wyle (303)
457-9953.

CONNECTICUT: Anthem (203) 575-1575; Arrow/Kierulff
(203) 265-7741; Hall-Mark (203) 271-2844; Marshalt
(203) 265-3822; Lex (203) 264-4700.

FLORIDA: Fort Lauderdale: Arrow/Kierulff (305)
429-8200; Hall-Mark (305) 971-9280; Marshall (305)
977-4880; Lex (305) 421-6633;

Orando: Arrow/Kieruitf (407) 333-9300; Hall-Mark (407)
830-5855; Marshall (407) 767-8585; Lex (407) 331-7555;
Zeus (407) 365-3000;

Tampa: Hall-Mark (813) 541-7440; Marshall (813)
573-1399; Lex (813) 541-5100.

GEORGIA: Arrow/Kierulff (404) 497-1300; Hall-Mark
(404) 623-4400; Marshall (404) 923-5750; Lex (404)
449-9170.

ILLINOIS: Anthem (708) 884-0200; Arrow/Kierulff (708)
250-0500; Hall-Mark (708) 860-3800; Marshall (708)
490-0155; Newark (312)784-5100; Lex (708) 330-2888.
INDIANA: Arrow/Kierulff (317) 299-2071; Hall-Mark
(317) 872-8875; Marshall (317) 297-0483; Lex (317)
843-1050.

IOWA: NI’W/KIS"‘" (319) 395-7230; Lex (319)

373-14

/

TExas
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KANSAS: Arrow/Kierultt (913) 541-9542; Hall-Mark
(913) 888-4747; Marshall (913) 492-3121; Lex (913)
4922922,

MARYLAND: Anthem (301) 995-6640; Arrow/Kierulff
(301) 995-6002; Hall-Mark (301) 988-9800; Marshall
(301) 622-1118; Lex (301) 596-7800; Zeus (301)
997-1118.

MASSACHUSETTS: Anthem (508) 657-5170;
Arrow/Kierulff (508) 658-0900; Hall-Mark (508) 667-0902;
Marshall (508) 658-0810; Lex (508) 694-9100; Wyle
(617) 272-7300; Zeus (617) 246-8200.

MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290;
Hall-Mark (313) 462-1205; Marshall (313) 525-5850;
Newark (313) 967-0600; Lex (313) 525-8100;

Grand Rapids: Arrow/Kierulff (616) 243-0912.
MINNESOTA: Anthem (612) 944-5454; Arrow/Kierulff
(612) 829-5588; Hall-Mark (612) 941-2600; Marshall
(612) 559-2211; Lex (612) 941-5280.

MISSOURI: Arrow/Kierulff (314) 567-6888; Hall-Mark
(314) 291-5350; Marshall (314) 291-4650; Lex (314)
739-0526.

NEW JERSEY: Anthem (201) 227-7960; Arrow/Kierulff
(201) 538-0900, (609) 596-8000; GRS (609) 964-8560;
Hall-Mark (201) 515-3000, (609) 235-1900; Marshall
(201) 882-0320, (609) 234-9100; Lex (201) 227-7880,
(609) 273-7900.

NEW MEXICO: Alliance (505) 292-3360.

NEW YORK: Long Island: Anthem (516) 864-6600;
Arrow/Kierulff (516) 231-1000; Hall-Mark (516) 737-0600;
Marshall (516) 273-2424; Lex (516) 231-2500; Zeus
(914) 937-7400;

Rochester: Arrow/Kierulf (716) 427-0300; Hall-Mark
(716) 425-3300; Marshall (716) 235-7620; Lex (716)
383-8020;

Syracuse: Marshall (607) 785-2345.

NORTH CAROLINA: Arrow/Kierulft (919) 876-3132;

Hall-Mark (919) 872-0712; Marshall (919) 878-9882; Lex

(919) 876-0000.

OHIO: Cleveland: Arrow/Kierulff (216) 248-3990;

Hall-Mark (216) 349-4632; Marshall (216) 248-1788; Lex

(216) 464-2970;

Columbus: Hall-Mark (614) 888-3313;

Dayton: Arrow/Kierulff (513) 435-5563; Marshall (513)

898-4480; Lex (513) 439-1800; Zeus (513) 293-6162.

OKLAHOMA: Hall-Mark (918) 254-6110; Lex (918)

622-8000.

OREGON: Almac (503) 629-8090; Anthem (503)

643-1114; Arrow/Kierulff (503) 627-7667; Marshall (503)

644-5050; Wyle (503) 643-7900.

PENNSYLVANIA: Anthem (215) 443-5150;

Arrow/Kierulff (215) 928-1800; GRS (215) 922-7037;

Marshall (412) 788-0441; Lex (412) 963-6804.

TEXAS: Austin: Arrow/Kierulff (512) 835-4180;

Hall-Mark (512) 258-8848; Lex (512) 339-0088; Wyle

(512) 345-8853;

Dallas: Anthem (214) 238-7100; Arrow/Kierulff (214)

380-6464; Hall-Mark (214) 553-4300; Marshall (214)

233-5200; Lex (214) 247-6300; Wyle (214) 235-9953;

Zeus (214) 783-7010;

Houston: Arrow/Kierulff (713) 530-4700; Hall-Mark (713)

781-6100; Marshall (713) 895-9200; Lex (713) 784-3600;

Wyle (713) 879-9953.

UTAH: Anthem (801) 973-8555; Arrow/Kierulff (801)

973-6913; Marshall (801) 485-1551; Wyle (801)

974-9953.

WASHINGTON: Aimac (206) 643-9992, (509) 924-9500;

Anthem (206) 483-1700; Arrow/Kieruiff (206) 643-4800;

Marshall (206) 486-5747; Wyle (206) 881-1150.
ISCONSIN: Arrow/Kierultt (414) 792-0150; Hall-Mark

(414) 797-7844; Marshall (414) 797-8400; Lex (414)

784-9451.

CANADA: Calgary: Future (403) 235-5325;

Edmonton: Future (403) 438-2858;

Montreal: Arrow Canada (514) 421-7411; Future (514)

694-7710; Marshall (514) 694-8142;

Ottawa: Arrow Canada (613) 226-6903; Future (613)

820-8313; Quebec City: Arrow Canada (418) 871-7500;

Toronto: Arrow Canada (416) 670-7769; Future (416)

612-9200; Marshall (416) 458-8046;

Vancouver: Arrow Canada (604) 421-2333; Future (604)

294-1166.

TT Die Processors

Chip Supply (407) 298-7100
Elmo Semiconductor (818) 768-7400
Minco Technology Labs  (512) 834-2022

© 1991 Texas Instruments Incorporated




TI Worldwide
Sales Offices

ALABAMA: Huntsville: 4960 Corporate Drive,
Suite N-150, Huntsville, AL 35805-6202, (205)
837-7530.

ARIZONA: Phoenix: 8825 N. 23rd Avenue,
Suite 100, Phoenix, AZ 85021, (602) 995-1007.
CALIFORNIA: Irvine: 1920 Main Street, Suite
900, Irvine, CA 92714, (714) 660-1200;
Roseville: 1 Sierra Gate Plaza, Suite 2558,
Roseville, CA 95678, (916) 786- 9206; San °
Diego: 5625 Ruffin Road Suite 100, San Diego,
CA 92123, (619) 278-9600; Santa Clara: 5353
Betsy Ross Drive, Santa Clara, CA 95054, (408)
980-9000; Woodiand Hills: 21550 Oxnard
Street, Suite 700, Woodland Hills, CA 91367,
(818) 704-8100.

COLORADO: Aurora: 1400 S. Potomac Street,
Suite 101, Aurora, CO 80012, (303) 368-8000.
CONNECTICUT: Wallingford: 9 Barnes
Industrial Park So., Wallingford, CT 06492, (203)
269-0074.

FLORIDA: Altamonte Springs: 370 S. North
Lake Boulevard, Suite 1008, Altamonte Springs,
FL 32701, (407) 260-2116; Fort Lauderdale:
2950 N.W. 62nd Street, Suite 100, Fort
Lauderdale, FL 33309, (305) 973-8502; Tampa:
4803 George Road, Suite 390, Tampa, FL
33634-6234, (813) 882-0017.

GEORGIA: Norcross: 5515 Spalding Drive,
Norcross, GA 30092, (404) 662~7900

ILLINOIS: Arlington Heights: 5

Algonqum Ariington Heights, IL 60005 (708)
640-30(

INDIANA. Carmel: 550 Congressional Drive,
Suiite 100, Carmel, IN 46032, (317) 573-6400;
Fort Wayne: 118 E. Ludwig Road, Suite 102,
Fort Wayne, IN 46825, (219) 482-3311.

IOWA: Cedar Rapids: 373 Collins Road N.E.,
Suite 201, Cedar Rapids, |A 52402, (319)
395-9550.

KANSAS: Overland Park: 7300 College
Boulevard, Lighton Plaza, Suite 150, Overland
Park, KS 66210, (913) 451-4511.
MARYLAND: Columbia: 8815 Centre Park
Drive, Suite 100, Columbia, MD 21045, (301)
964-2003.

MASSACHUSETTS: Waltham: 950 Winter
Street, Suite 2800, Waltham, MA 02154, (617)
895-9100.

MICHIGAN: Farmington Hills: 33737 W. 12
Mile Road, Farmington Hills, MI 48331, (313)
553-1500.

MINNESOTA: Eden Prairie: 11000 W. 78th
Street, Suite 100, Eden Prairie, MN 55344, (612)
828-9300.

MISSOURL: St. Louis: 12412 Powerscourt
Drive, Suite 125, St. Louis, MO 63131, (314)
821-8400.

NEW JERSEY: Iselin: Parkway Towers, 485E.
Route 1 South, Iselin, NJ 08830, (908) 750-1050.
NEW MEXICO: Albuquerque: 2709 Pan
American Freeway, N.E., Abuquerque, NM
87107, (505) 345-2555.

NEW YORK: East Syracuse: 6365 Collamer
Drive, East Syracuse, NY 13057, (315)
463-9291; Fishkill: 300 Westage Business
Center, Suite 140, Fishkill, NY 12524, (914)
897-2900; Melville: 1895 Walt Whitman Road,
Melville, NY 11747, (516) 454-6600; Pittsford:
2851 Clover Street, Pittsford, NY 14534, (716)
385-6770.

NORTH CAROLINA: Charlotte: 8 Woodlawn
Green, Suite 100, Charlotte, NC 28217, (704)
527-0930; Raleigh: 2809 Highwoods Boulevard,
Suite 100, Raleigh, NC 27625, (919) 876-2725.
OHIO: Beachwood: 23775 Commerce Park
Road, Beachwood, OH 44122, (216) 464-6100;
Beavercreek: 4200 Colone! Glenn Highway,
Suite 600, Beavercreek, OH 45431, (513)
427-6200.

OREGON: Beaverton: 6700 S.W. 105th Street,

Suite 110, Beaverton, OR 97005, (503) 643-6758.

PENNSYLVANIA: Blue Bell: 670 Sentry
Parkway, Blue Bell, PA 19422, (215) 825-9500.
PUERTO RICO: Hato Rey: 615 Mercantile Plaza
Building, Suite 505, Hato Rey, PR 00918, (809)
753-8700.

TEXAS: Austin: 12501 Research Boulevard,
Austin, TX 78759, (512) 250-6769; Dallas: 7839
Churchill Way, Dallas, TX 75251, (214)
917-1264; Houston: 9301 Southwest Freeway,
Suite 360, Houston, TX 77074, (713) 778-6592.
UTAH: Salt Lake City: 1800 S. West Temple
Street, Suite 201, Salt Lake City, UT 84115,
(801) 466-8973.

WASHINGTON: Redmond: 5010 148th Avenue
N.E., Building B, Suite 107, Redmond, WA
98052, (206) 881-3080.

WISCONSIN: Waukesha: 20825 Swenson
Drive, Suite 900, Waukesha WI 53186, (414)
798-1001. .

CANADA: Nepean: 301 Moodie Drive, Mallom
Center, Suite 102, Nepean, Ontario, Canada
K2H 9C4, (613) 726-1970; Richmond Hill: 280
Centre Street East, Richmond Hill, Ontario,
Canada L4C 1B1, (416) 884-9181; St. Laurent:
9460 Trans Canada Highway, St. Laurent,
Quebec, Canada H4S 1R7, (514) 335-8392.

ARGENTINA: Texas Instruments Argentina
Viamonte 1119, 1053 Capital Federal, Buenos
Aires, Argentina, 1/748-3699.

AUSTRALIA (& NEW ZEALAND): Texas
Instruments Australia Ltd., 6-10 Talavera Road,
North Ryde (Sydney), New South Wales,
Australia 2113, 2-878-9000; 14th Floor, 380
Street, Kilda Road, Melbourne, Victoria, Australia
3004, 3-696-1211; 171 Philip Highway, Elizabeth,
South Australia 5112, 8 255-2066.

BELGIUM: S.A. Texas Instruments Belgium
N.V., 11, Avenue Jules Bordetlaan 11, 1140
Brussels, Belgium, (02) 242 30 80.

BRAZIL: Texas Instruments Electronicos do
Brasil Ltda., Rua Paes Leme, 524-70 andar,
05424 Sao Paulo, Brazil, 11-815-6166.
DENMARK: Texas Instruments A/S, Borupvang
2D, DK-2750 Ballerup, Denmark, (45) 44687400.
FINLAND: Texas Instruments OY, P.O. Box 86,
02321 Espoo, Finland, (0) 802 6517.

FRANCE: Texas Instruments France, 8-10
Avenue Morane Saulnier-B.P. 67, 78141 Velizy
Villacoublay cedex, France, (1) 30 70 10 03.
GERMANY: Texas Instruments Deutschland
GmbH., Haggertystrasse 1, 8050 Freising,
(08161) 80-0 od. Nbst; Kurfurstendamm
195-196, 1000 Berlin 15, (030) 8 82 73 65;
Dusseldorfer Strasse 40, 6236 Eschborn 1,
(06196) 80 70; Kirchhorster Strasse 2, 3000
Hannover 51, (0511) 64 68-0, Maybachstrasse Il,
7302 Ostfildern 2 (Nellingen), (0711) 3403257,
Gildehofcenter, Hollestrasse 3, 4300 Essen 1,
(0201) 24 25-0.

HOLLAND: Texas Instruments Holland B.V.,
Hogehilweg 19, Postbus 12995, 1100 AZ
Amsterdam-Zuidoost, Holland, (020) 5602911.
HONG KONG: Texas Instruments Hong Kong
Ltd., 8th Floor, World Shipping Center, 7 Canton
Road, Kowloon, Hong Kong, 7351223.
HUNGARY: Texas Instruments Intemational,
Budaorsi u.42, H-1112 Budapest, Hungary, (1) 1
66 66 17.

IRELAND: Texas Instruments Ireland Ltd., 7/8
Harcourt Street, Dublin 2, Ireland, (01) 481677.
ITALY: Texas Instruments Italia S.p.A., Centro
Direzionale Colleoni, Palazzo Perseo-Via
Paracelso, 12, 20041, Agrate Brianza (Mi), ltaly
(039) 63221; Via Castello della Magliana, 38,
00148 Roma, ltaly (06) 6572651; Via Amendola,
17, 40100 Bologna, Italy, (051) 554004.
JAPAN: Texas Instruments Japan Ltd., Aoyama
Fuiji Building 3-6-12 Kita-Aoyama Minato-ku,
Tokyo, Japan 107, 03-3498-2111; MS Shibaura
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Other Linear Product Lines from TI

Operational Amplifiers
Data Acquisition
Voltage Regulators
Data Transmission
Display Drivers
Intelligent Power ICs
Optoelectronics
Telecom
Speech

Thank you for your interest in TI Linear Products. On the last
two pages is a list of TI sales offices worldwide and North
American authorized distributors. Our sales representatives
will be happy to answer your questions about pricing, device
availability and technical product information. For information
on how to order technical literature, please contact our

Literature Center at the following address:

Texas Instruments Incorporated
LITERATURE CENTER
P.O. Box 809066
Dallas, TX 75380-9066
214-995-6611
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