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WAT41, LATATY
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992

@ Short-Circuit Protection LAT41M ... J PACKAGE
® Offset-Voltage Null Capability {TOFVIEW)
® Large Common-Mode and Differential NG %) HNC
Voltage Ranges NE E 1 M] s
2 13
® No Frequency Compensation Required OFFSET N1 [ 3 12fINC
® | ow Power Consumption IN=-[] 4 11[] Vee+
® No Latch-Up IN+[| 5 10[] OUT
® Designed to Be Interchangeable With Vee-(I s o[] OFFSET N2
Fairchild pnA741 NC[lz  s[INC
descr’iption uwAT41M ... JG PACKAGE
LAT741C, uAT411. .. D, P, OR PW PACKAGE
The wA741 is a general-purpose operational (TOP VIEW)
amplifier featuring offset-voltage null capability. O
The high common-mode input voltage range and OFFSET N1 [} 1 s[INC
the absence of latch-up make the amplifier ideal IN- (] 2 7l Vee+
for voltage-follower applications. The device is IN+ [ 3 &[] ouT
short-circuit protected and the internal frequency Vee- [} 4 5[] OFFSET N2
compensation ensures stability without external
components. A low value potentlometer may be LAT41M . . . U PACKAGE
connected between the offset null inputs to null (TOP VIEW)
out the offset voltage as shown in Figure 2.
The pA741C is characterized for operation from NC[] 1 U 10]] NC
0°C to 70°C. The uA741l is characterized for OFFSET N1[] 2 gl NC
operation from —40°C to 85°C.The uA741M is IN-[] 3 8|l Vee +
characterized for operation over the full military IN+[] 4 7l ouT
temperature range of —55°C to 125°C. Vee-[l5 6|] OFFSET N2
symbol
uA741M . .. FK PACKAGE
OFFSET N1 (TOP VIEW)
IN + =
out 5
IN- —] 2
2528°2
OFFSET N2
NC [ 4 2 201918[ NG
IN-[]5 17[] Vec+
NC [16 16[] NC
IN+ []7 15[] out
NC []8 14[] NC
10 11 12 13
|
28222
=
w
w
L
(]
NC - No internal connection
PRODUCTICN DATA information is current as of publication date. Copyright © 1992, Texas Instruments Incorporated
et e it
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WAT41, LATATY
GENERAL:

~PURPOSE OPERATIONAL AMPLIFIERS

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
Ta SMALL CHIP CERAMIC | CERAMIC PLASTIC TSSOP FLAT FORM
OUTLINE CARRIER DIP DIP DIP PW) PACK )
(D) (FK) () (JG) (P) ()
0°Cto 70°C uA741CD UAT41CP | uA741CPW uA741Y
-40°C to 85°C uA7411D uA7411P
-55°C to 125°C uA741MFK | uA741MJ | UAT41IMIG uA741MU
The D package is available taped and reeled. Add the suffix R (e.g., uAT41CDR).
schematic
® Vee+
IN-
.
ouT
IN+
1 i
.
®
. —Pp—9
» [
OFFSET N1
OFFSET N2 % %
i & s & L & Vee-
Component Count
Transistors 22
Resistors 1
Diode 1
Capacitor 1
2




WAT4, LATATY
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094A — NOVEMBER 1870 - REVISED JANUARY 1992

wA741Y chip information

This chip, when properly assembled, displays characteristics similar to the uA741C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»
Ll

Vce+

ouT

OFFSET N1
OFFSET N2

~
[0

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tgmax = 150°C.

TOLERANCES ARE =10%.

@
]

ALL DIMENSIONS ARE IN MILS.

C 36 >
|
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INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3

VEY a3 sl 5 sl JY-Y O S

1Mil =107 Inch ~25.4um 5,51 s\

YA



WAT41, LATATY
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094A — NOVEMBER 1970 — REVISED JANUARY 1992

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

wA741C uAT411 LAT41M UNIT

Supply voltage, Vi i+ (see Note 1) 18 22 22 Vv
Supply voltage, Vo — (see Note 1) -18 -22 -22 v
Differential input voltage, V|p (see Note 2) +15 +30 +30 v
Input voltage, V| any input (see Notes 1 and 3) =15 +15 +15 V
Voltage between offset null (either OFFSET N1 or OFFSET N2) and Vo - +15 =0.5 +0.5 V
Duration of output short circuit (see Note 4) unlimited unlimited unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, Ta 0to 70 -40to 85 |-55t0 125 °C
Storage temperature range -651to 150 | -6510 150 [-65to 150 G
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, P, or PW package 260 260 °C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated canditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voo and Ve —.

2. Differential voltages are at IN+ with respect to IN-.

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 uA741M anly, the unlimited duration of the short circuit applies
at (or below) 125°C case temperature or 75°C free-air temperature

DISSIPATION RATING TABLE

iEihae Ta <25°C DERATING DERATE Ta=T70°C Ta=85°C Ta=125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D 500 mW 5.8 mwi/°C 64°C 464 mw 377 mW N/A
FK 500 mW 11.0 mW/°C 105°C 500 mw 500 mwW 275 mw
J 500 mwW 11.0 mW/°C 105°C 500 mw 500 mW 275 mw
JG 500 mwW 8.4 mWi/°C 90°C 500 mw 500 mW 210 mw
P 500 mW N/A N/A 500 mw 500 mW N/A
PW 525 mW 4.2 mWi/°C 25°C 336 mWw N/A N/A
U 500 mW 5.4 mW/°C 57°C 432 mWw 351 mW 135 mwW
i
b TEXAS
4 POST o!igggﬁﬂggs 75265
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WAT41, LATATY

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094A — NOVEMBER 1970 — REVISED JANUARY 1992

electrical characteristics at specified free-air temperature, Vg4 = 15 V (unless otherwise noted)

PARAMETER TEST ok LA741C LA7411, nA741M UNIT
CONDITIONS A MIN TYP MAX| MIN TYP MAX
V| Input offset volta Vo=0 Lo | ) L = Y
nput offset voltage = m
10 P g 0 Full range 7.5 6
AV|O(adj) Offset voltage adjust range Vp=0 25°C =15 15 mV
25°C 20 200 20 200
o Input offset current Vo=0 nA
Full range 300 500
. 25°C 80 500 80 500
B Input bias current Vo=0 nA
Full range 800 1500
Common-made input 25°C =12 =13 =12 =13
Vicr v
voltage range Full range +12 +12
R =10 kQ 25°C =12 =14 =12 =14
Maximum peak output RL = 10 k2 Full range =12 +12
VoM ; v
voltage swing R =2kQ 25°C +10  #13 +10 £13
RL =2 kQ Fullrange +10 +10
-5i i i RL 2 2kQ 25°C 20 200 50 200
AvD Large sngnalldwﬁerentua\ i Vimv
voltage amplification Vg =z10V Full range 15 25
T Input resistance 25°C 0.3 2 0.3 2 MQ
o Qutput resistance Vo =0, SeeNote5 25°C 75 75 Q
Cj Input capacitance 25°C 1.4 14 pF
< iecti 25°C 70 90 70 90
CMRR Colmmon mode rejection Vic = VicRmin dB
ratio Full range 70 70
itivi 25°C 30 150 30 150
KEvE Supply voltage sensitivity Voo =+9Vie =15V .
(AVio/avee) Full range 150 150
los Short-circuit output current 25°C +25 =40 +25 =40 mA
i Singi ; et Noload 25°C 1.7 28 1.7 28 @
u curren =0, Noloa m
— Ry a Fullrange 3.3 33
o i g 25°C 50 85 50 85
Pp Total power dissipation Vo =0, Noload mwW
Full range 100 100

T All characteristics are measured under open-loop conditions with zero common-made input voltage unless otherwise specified. Full range for
the nA741C is 0°C to 70°C, the nA7411is —40°C to 85°C, and the nA741M 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, Vgoy =+15 V, T = 25°C

uA741C uA7411, uA741M
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX
tr Rise time V) =20mV, Rp =2k, 0.3 0.3 us
Overshoot factor Cp =100 pF, See Figure 1 5% 5%
. . VI =10V, RL =2k,
SR Slew rate at unity gain CL=100pF, See Figure 1 0.5 0.5 Vius

Q’ TExXAas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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WAT41, LATATY
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094A — NOVEMBER 1970 — REVISED JANUARY 1992

TYPICAL CHARACTERISTICST

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 T T T 400 I T ]
Vee+=15V

Vee+=15V

901 Veg_=-15V

< 350 |- Veg-=-15V

c \ <

[ 80 <

= 1 300

g 70 E
3 \ £ 250

S 60 \ 3
£ N 3
5 0 \ £ 200 \

5 5 \

=3 40
£ \\ 2 150 N

[ |

o 30 ) \
- \\ = 100

20 < N
N \'-.‘
10 e 50 P——
0 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 Ta — Free-Air Temperature — °C
Figure 3 Figure 4

MAXIMUM PEAK OUTPUT VOLTAGE
Vs
LOAD RESISTANCE
=14 T T
Vec+=15V -
=13 [ Vgg-=-15V
Ta=25°C

Vom — Maximum Peak Output Voltage - V
I+
w
™

=5 //

+4

0.1 0.2 04 07 1 2 4 7 10
RL - Load Resistance — kQ

Figure 5

T 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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WAT41, LATATY
GENERAL-PURPOSE OPERATIONAL AMPLIAERS

SLOS094A — NOVEMBER 1970 — REVISED JANUARY 1992

Vom — Maximum Peak Output Voltage - V

TYPICAL CHARACTERISTICS

OPEN-LOOP SIGNAL DIFFERENTIAL

MAXIMUM PEAK OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
vs vs
FREQUENCY SUPPLY VOLTAGE
20— T T T 400 ——
ey i
+18 Vee-=-15V _ TL—25“C /
RL =10 kQ T 0l AT L
+16]" T =25°C 8% //
+14 8 £ FI- L~
\ S ¢ 100 ]
+12 © S
5% 7
\ ug; & .
+=10 \ 8‘ £ 7
& e E /’
=8 J4 40
52 /
=6 a-g
. '3
=4 AN e 20
N £

=2 N

0 [ 10

1k 10k 100 k m 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
107
m LA
Vee+=15V
_ 108 Voo_=-15V [
g . H‘ Vo==10V
Re2ia g
£ 1 \\ i
Oc
— 8 104
n E 103
a o
o E \
9« N
T e 102 i
c o
85 N
©g o
=) N
< 1 M
10-1
1 100 10k ™ 10M

f- Frequency — Hz
Figure 8
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WA741, LATATY
GENERAL:

~PURPOSE OPERATIONAL AMPLIFIERS

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
VS Vs
FREQUENCY ELAPSED TIME
100 T T 177 28
2 Vee+=15V
‘ 90 -\ Vee_=-15V 1Tl 24
£ \ Bs =10 kQ
8 \ Ta = 25°C
nz: \ A 20 e
& TN z 2
g N 0%
b N y 18 -
‘o 60 @
& g / |
4 50 \ 3 12 |
o N = ‘
= N 3
c 40 & ‘
o \ F] 8
E o ‘
E 30 \ lo . \ Vee+ =15V |
Y .55 \ = \ Vee-=-15V
% . 10% \ RL=2kQ
S 10 — CL=100pF —|
o Pt Tp =25°C
0 -4 ! L
1 100 10 k 1M 100 M 0 0.5 1 15 2 2.5

f- Frequency — Hz

t—Time =us

Figure 10

Figure 9
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
8 T T T
Vec+=15V
P Vee-=-15V |
L RL =2kQ
>, / Nl cL=100pF
& / | \ Ta=25°C
o V, |
2 L/ L\
5
g o0 i
=
=] / A |
22— |
@ I \
E
g -4 |
= A
-6
-8
0 10 20 30 40 50 60 70 80 90
t- Time —us
Figure 11
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LM741

Operational Amplifier

General Description
The LM741 series are general purpose operational amplifi-

output, ne latch-up when the commeon mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that

ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

the LM741C has their peformance guaranteed overa 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Features

Connection Diagrams

Metal Can Package
NC

(&)
OFFSET NULL '.-‘

INVERTING INPUT J} (5)outPuT
NON=INYERTING INFUT rrsn NULL
(£)

o

oOSEA02
Note 1: LM741H is available per JM3851010101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number HO8C

Ceramic Flatpak

w—ye —
+OFFSET NULL |:J a:| HE
=INFUT I; LM741W ?:I v
*INPUT C— — T
L — H—— oerser nune

0083440
Order Number LM741W/g82
See NS Package Number W10A

Typical Application

Offset Nulling Circuit

!

Dual-In-Line or §.0. Package

L
OFFSET NULL=—{1 Ap=NC
INVERTING IMPUT = 2 El Sl
HOR-INVERTING —{ 3 & —=ouTPuT
INPUT
Lt 5 =0FFSET NULL

00034403
Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JOSA, M0SA or NOSE

00eG4407

© 2004 MNational Semiconductor Corporation DS0092441
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LM741

Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

(Note 7)

Supply Voltage

Power Dissipation (MNote 3)

Differential Input Voltage
Input Voltage (Note 4)

Output Short Circuit Duration
Operating Temperature Range

Storage Temperature Range

Junction Temperature
Soldering Information

N-Package (10 seconds)
J- or H-Package (10 seconds)

M-Package

Vapor Phase (60 seconds)
Infrared (15 seconds)

LM741A
22V
500 mW
+30V
+15V
Continuous

-55°C to +125°C
—65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741
+22V
500 mW
+30V
+15V
Continuous

-55°C to +125°C
—65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741C
+18V
500 mW
+30V
+15V
Continuous
0°C to +70°C
-65°C to +150°C
100°C

260°C
300°C

215°C
215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of

soldering
surface mount devices.

ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (ot 5
Parameter Conditions LM7#1A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input Offset Voltage Ta=25C
Rs= 10k 1.0 | 50 2.0 | 6.0 my
Rs = 500 0.8 3.0 mV
Tanim = Ta = Tamax
Rs = 500 4.0 mv
Rg = 10 k@ 6.0 7.5 mV

Average Input Offset 15 puvirG

Voltage Drift

Input Offset Voltage Ta=25C, Vg = 220V +10 +15 +15 m\

Adjustment Range

Input Offset Current T,=25C 3.0 30 20 | 200 20 | 200 nA
Tanim = Ta £ Tamax 70 85 | 500 300 nA

Average Input Offset 0.5 nASC

Current Drift

Input Bias Current T,=25C 30 80 80 | 500 80 | 500 nA
T = Ta = Tamax 0.210 1.5 08 | pA

Input Resistance Ta=25C, Vg = 20V 1.0 | 6.0 03| 20 03| 20 M
Tanm < Ta € Tapase 0.5 M
Vo= 220V

Input Voltage Range T,=25C +12 | 213 v
Tanin = Ta = Tamax +12 | £13 "

AY




Electrical Characteristics (note 5) (Continued)

Parameter Conditions LM7HA LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain | T, =25°C, R_ = 2 k2
Vg = 220V, Vg = £15V 50 VimV
Vg = 218V, V=210V 50 | 200 20 | 200 VimV
Tanm = Ta = Tamax.
R = 2 ka2,
Vg = 220V, V, = 215V 32 VimV
Vo= 218V, Vg = £10V 25 15 VimV
Vo = 5V, Vg = £2V 10 VimV
Output Voltage Swing Vg = 220V
R =10 k2 +16 v
R.z2ka +15 Vv
Vg = £15V
RL =10 k2 +12 | £14 +12 | £14 v
Rz 2k +10 | £13 +10 [ £13 v
Qutput Short Circuit Ta=25C 10 25 35 25 25 mA
Current Tanar = Ta € Tapasx 10 40 mA
Common-Mode Tanm £ Ta £ Tapax
Rejection Ratio Rs = 10 kil Vgy = 212V 70 | @0 70 | 80 dB
Rg < 500, Vo = 212V 80 | 95 dB
Supply Voltage Rejection T = Ta = Tanaase:
Ratio Ve = £20V to Vg = 25V
Rs = 5002 a6 96 dB
Rs = 10 kQ2 77 96 77 96 dB
Transient Response T, = 25°C, Unity Gain
Rise Time 025] 0.8 0.3 0.3 ps
Overshoot 6.0 20 5 5 %
Bandwidth (Note &) Ta=25C 0437 | 1.5 MHz
Slew Rate T, = 25°C, Unity Gain 03 | 0.7 05 05 Vips
Supply Current Ta=25C 1.7 | 2.8 1.7 | 2.8 ma
Power Consumption Ta=25C
Vg = £20V a0 150 mwW
Vg = 2158V 50 85 50 85 mW
LM741A Vg = 20V
Ta = Tammn 165 mWW
Ta = Tamax 135 mWW
LM741 Vg = £15V
Ta = Tanmn 80 | 100 mW
Ta = Tamax 45 75 mW

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.
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LM741

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T) max. (listed under *Absolute Maximum

Ratings"). Ty =Ta + (8 Po).

Thermal Resistance Cerdip (J) | DIP (N) | HO8 (H) | SO-8 (M)
8 (Junction to Ambient) 100°CAW | 100°C/W | 170°CAW | 195°C/W
Bjc (Junction to Case) N/A MN/A 25°C/IW M/A

MNote 4: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.
HNote 5: Unless otherwise specified, these specificaions apply for Wg = £15V, =55°C = Ty = +125°C (LM741/LM7414). For the LM741C/LM741E, these

specifications are limited to 0°C < Ty < +70°C.

MNote 6: Calculated value from: BW (MHz) = 0.25/Rise Tima(us).

Note 7: For military specifications see RETS741X for LM741 and RETS7414X for LM741A.
MNote 8: Human body modal, 1.5 ki in series with 100 pF.

Schematic Diagram

v

Q13

3 2 INVERTING
HOH=INVERTING >
o1 0z > RS
INPUT INFUT 2 39k
=1
a3 30pF

ms;'—.

4

7 \

< RS
04 s 5
}/_' B
o7 b—QUTRUT
Ri0
50
1 a7
a6 oo N
Q5 o 022({ a0
OFFSET HULL — 5 _OFFSET
HULL
Rl RS < R2 Ré Ri1
1K 50K S1K 5K 50
4
v
[re=c2R ]
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LM741

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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LM158,A-LM258,A
KYI LM358. A

®

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED

B LARGE DC VOLTAGE GAIN: 100dB

B WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated) ﬁﬂ’ﬂ

B VERY LOW SUPPLY CURRENT/OP (500uA)
ESSENTIALLY INDEPENDENT OF SUPPLY

VOLTAGE N

B LOW INPUT BIAS CURRENT: 20nA DIP8
(temperature compensated) (Plastic Package)

B LOW INPUT OFFSET VOLTAGE: 2mV

B LOW INPUT OFFSET CURRENT: 2nA

B INPUT COMMON-MODE VOLTAGE RANGE % e 3
INCLUDES GROUND

B DIFFERENTIAL INPUT VOLTAGE RANGE D&S
EQUAL TO THE POWER SUPPLY VOLTAGE SO8 & miniso8

[ | %\?RGE g\JL/J)TPUT VOLTAGE SWING 0V TO {Plastic Micropackage)

cc-1.

DESCRIPTION \
These circuits consist of two independent, high

gain, internally frequency compensated which P
were designed specifically to operate from a sin- TSSOPS
gle power supply over a wide range of voltages. (Thin Shrink Small Outline Package)

The low power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers, ORDER CODE

dc gain blocks and all the conventional op-amp Package
circuits which now can be more easily implement- Nt TE““RZiVS;”re

ed in single power supply systems. For example, N s |D|FP
these circuits can be directly supplied with the LM158 A 55°C. +125°C | e R "
standard +5V which is used in logic systems and LM258.A 40°C, +105°C | = P
yvll\ e_asuy promi_e the requwgq interface electron- TM358 A 0°C. 770°C " " " S
ics without requiring any additional power supply. Example - LM258N

Inthe linear mode the input common-mode voltage
N = Dual in Line Package (DIP) .
Ej Small Outline Package gSO) - also available in Tape & Reel (DT
p=

range includes ground and the output voltage can
also swing to ground, even thOUgh operated from %Rjallsﬁuﬂ‘(ng Pa‘c‘:lé.):{gula_ nwwSEjon\_\i'_ézéac\)ISble ||1I ape l&bFlkee\ T)
only a single power supply voltage. pn s (rI%’UI'J mall Qutline Package ( ) - only available in Tape

PIN CONNECTIONS (top view)

\“/ 1 - Qutput 1
1 3 2 - Inverting input
E ] 3 - Non-inverting input
2 [ []7 4-Vee
5 - Non-inverting input 2
3 [] [ 6 6 - Inverting input 2
7 - Output 2
4 [ [] s 8-Veot

)



LM158,A-LM258,A-LM358,A

SCHEMATIC DIAGRAM (1/2 LM158)

VCC

O]

AT Y
AN (y) (y)
(¥ )6uA N .
N 4pA 100uA

Qs
Q6
C C o I¥K
. Q2 Q3 |
Inverting ) Q7
input Q1 Q4

Rsc
_l an
MNon-inverting
input - 1 Qutput

Qi3
'“310 4 Q12 .- /",;\.
Q8 Qg L/
50uA
= GND

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM158,A LM258,A LM358,A Unit
Voo Supply voltage +32 \Y
Wi Input Voltage -0.3t0 +32 \4
Wig Differential Input Voltage +32 \Y

Ptot | Power Dissipation " 500 mwW

Output Short-circuit Duration 2) Infinite

lin Input Current 3) 50 mA.
Toper Opearting Free-air Temperature Range -55to +125 | -40 to +105 0to+70 °C
Tstg Storage Temperature Range -65to +150 °C

1 Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded

2 Short-circuits from the output to V.- can cause excessive heating if V- > 15¥. The maximum output current is approximately 40mA independent

of the magnitude of V. Destructive dissipation can result from 5\muﬁaneous short-circuit on all amplifiers.

3 This input current only exists when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistor becoming forward biased and thereby a:lingt; as input diodes clamps. In adgdilion to this diode action, there is alse NPN parasitic action on
the IC chip. this transistor action can cause the output voltages of the Op-amps to go to the V¢ voltage level (or to ground for a large overdrive)
for the time duration than an input is driven negative.

This is not destructive and normal output will set up again for input voltage higher than -0.3V

Y



LM158,A-LM258,A-LM358,A

ELECTRICAL CHARACTERISTICS
Vo' = +5V, V= Ground, V, = 1.4V, T, = +25°C (unless otherwise specified)

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LMm358 Unit
Min. | Typ. Max. Min. | Typ. Max.
Input Offset Voltage - note "
Tamp = +25°C 3 2 7
Y} LM 158, LM258 5
o LM158A 2 mv
Tmin = Tamb s Tmax 4 9
LM158, LM258 7
Input Offset Current
lio Tamp = +25°C 2 10 2 30 nA
T € Tamp < Tmax 30 40
Input Bias Current - note 2
lip Tamp = +25°C 20 50 20 150 nA
Tmin = Tamb = Tmax 100 200
Large Signal Voltage Gain
Vee = +10V, Ry = 2k, Vg = 1.4V 1o 11.4V )
Avd Tamp = +25°C 50 | 100 50 | 100 vimy
Tmm = Tamb = Tmax 25 25
Supply Voltage Rejection Ratio (Rg < 10k£2)
- Veet =5V to 30V
SVR g = saseC 85 | 100 65 | 100 db
Tmin < Tamb = TIT]:‘])( 65 65
Supply Current, all Amp, no load
lce Trnin = Tamp = Tmax Vg = +oV 0.7 12 07 12 mA
Trin = Tamb < Tmax Voo = +30V 1 2
Input Common Mode Voltage Range
Veg = +30V - note )
Viem e Voot 1.5 Vet 15|V
Tamp = +25°C 0 CC 210 cc 19
Trin = Tamb = Tmax 0 \"'CCJr -2 0 VCC+ -2
Common Mode Rejection Ratio (Rg < 10k€2)
CMR Tamp = +25°C 70 85 70 85 dB
Trin = Tamb < Tmax 60 60
| Qutput Current Source A
SQUICE | Vo = 18V, Vg = +2V, Vg = +1V 20 | 40 60 20 | 40 60 m
Output Sink Current (Vg = -1V)
|sink Vo = +15V, Vg = +2V 10 | 20 10 | 20 mA
Voe = +15V, Vg = +0.2V 12 50 12 50 nA
Output Voltage Swing (R = 2k€Q)
Vopp Tamp = +25°C 0 Vect-15] 0 Veet-1.5
Trmin < Tamb < Tmax 0 Vee -2 0 Vee -2

Yy



LM158,A-LM258,A-LM358,A

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Output Voltage [_VCC+ =30V)
T = +25°C R, = 2kQ
v amb - ) L 2% | 27 26 | 27
OH Tmin = Tamb = Tmax 76 26 v
Tamp = +25°C Ry = 10ka 27 | 28 27 | 28
Tmin = Tamb = Tmax 27 27
Low Level Output Voltage (R = 10k£2)
VoL Tamp = *25°C 5 20 5 20 my
Tmln = Tamb = Tmax 20 20
Slew Rate
SR Voo = 15V, V= 0.5 1o 3V, R = 2kL, Vius
C = 100pF, unity Gain 0.3 0.6 0.3 0.6
Gain Bandwidth Product
GBP Ve = 30V, f =100kHz, Vi, = 10mV, Ry = 2kQ, MHz
Cp = 100pF 0.7 1.1 0.7 1.1
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, R_= 2k, Vg = 2V, 9%
Cp = 100pF, Vg = 2Vpp 002 0.02
e Equivalent Input Noise Voltage ny
n f=1kHz, Rg = 10082, Ve = 30V 55 55 Hz
DVig |Input Offset Voltage Drift 7 15 7 30 pvieC
Dljip | Input Offset Current Drift 10 200 10 300 pA/°C
4)
v _. V.., |Channel Separation - note JdB
o1%02 | i kHz < f < 20kHZ 120 120

1. V,= 14V, R =00, 5V < Voo™ <30V,0< V< Vet- 15V

2 The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the output so no loading change
exists on the input lines.

3. Theinput common-mode voltage of either_ilU.)ut signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the
common-mode voltage range is V¢ ™ - 1.5V, but either or both inputs can go to +32V without damage.

4. Due to the proximity of external components insure that coupling is not originating via stray capacitance between these external parts. This typically
can be detected as this type of capacitance increases at higher frequences

OPEN LOOP FREQUENCY RESPONSE (NOTE 3) LARGE SIGNAL FREQUENCY RESPONSE

140 T T T T “ 100k
_ 120 0.1 E
D o0 SN v ? =15
= =V o)
g \ L g

Vgg =30V

4 e \\ SEC {Tamp € +125°C 2 10
e ‘\ =]
5 40 \ a N
[¢] N = AN
= \ 5 s N

20| vog = +10to+ 15V & N N

-85°C {Tamb € +125°C \ M
ol 11 AN 0 280
10 10 100 fk 10k 100k 1M 10M Tk 10k 100K M
FREQUENCY (Hz) FREQUENCY (Hz)

q¢



LM158,A-LM258,A-LM358,A

VOLAGE FOLLOWER PULSE RESPONSE

QUTPUT CHARACTERISTICS

4 — 10 —=Ht
_ = RL¢ 2k | VEC=+5V ]
Sw 3 VCC = +15V = VCC=+15V H
go 2 VCC = +30V -7 B
EZ - 5
o3 / \ g -
= 1 5 =
0 Q ves i
[ Vepl2 4
3 Z o1 -
— 0§
= 2 % 7 * V'o H
w 7 O
50 7) 7L
o 1 7 Tamb =+25°C [
z5 0.01 A T AT
8 0 10 20 30 40 0001 001 01 1 10 100
TIME ( s) OQUTPUT SINK CURRENT (mA)
VOLTAGE FOLLOWER PULSSE RESPONSE OUTPUT CHARACTERISTICS
(SMALL SIGNAL) T T
500 O —— Q Vee
z
= o TE
E w1 T u A
) > a0 & 6| Vgoi2 "’g
& 8 o T SoeF n x <
2 00—+ T * w5 lo
o . \ O
> Input ﬁ >(‘—) 4 = =
5 350 5 o [y v v
& => Independent of Voo
> utpu [ 3 e
© z Tamb =+25°C /
300 v . & 2 LA T
\ Tam e 2 AT
250 fheae i © 1 T T T
01 2 3 4 5 & 7 8 0,001 0,01 0.1 1 10 100
TIME ( s) OUTPUT SOURCE CURRENT (mA)
INPUT CURRENT (Note 1) CURRENT LIMITING (Note 1)
90 . 90 T T T 1
= — 80 —
w0 V=0V —| z o
< 70 = 70 —
= =
£ 6ol | veotrGY Z 60 -
g o
% 50,.-— ‘ ‘|—|‘-._.. | @ 50 S
_ 3
D:f 40 Voo =+15V O 40 [
o — —~ 1] 5 P
£ 30 z 30
g [ e 5 20 —
Z 20 Voo =+5V 2
10 10
0
55 35 15 5 25 45 65 85 105 125 65 35 15 5 25 45 65 B85 105 125

TEMPERATURE (°C)

TEMPERATURE (°C)




LM158,A-LM258,A-LM358,A

POSITIVE SUPPLY VOLTAGE (V)

TEMPERATURE (°C)

INPUT VOLTAGE RANGE SUPPLY CURRENT
15 4 T T
Ve
g / E 3l mA o
] =
D 10 A =
E Négative / g I
o} € ,L
=
5 >
> Positive = [+
a s O Tamb = 0°C to +125°C
=
= / % 1 | e
/| 7
Tamb =-55°C
1 1
0 5 10 15 0 10 20 30
POWER SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V)
160 T 1 100
R R, =20k F
m =
S 120 T =75
z A =
P &
o R =2k [
80 L 50 :
w =
¢ S ~
= L—
- 40 2 25 —
e} — omie —
9Q = T .= +25°C
0 10 20 30 40 0 10 20 30
POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V)
160 T T ¥ 15
i =
R =20k < 135 —=—]
%) 5 12 T~
= 120 P —] 5 - SN
=z — 2 105 N
) - 2 o9 ]
o 80 RL—ZK — o _ o+ |
0} T 075 Ve = T15V
E 2 06 ]
g 40 2 045
Z 03
2 o1
< 0
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1




LM158,A-LM258,A-LM358,A

115 [ ]
110 t
105
100
95
90
85
80
75
70
85
60-55-35-15 5 25 45 6585 105 125
TEMPERATURE (°C)

POWER SUPPLY REJECTION RATIO (dB)

115
110
105
100
o5 |/
90 ™~
85
80
5
70
65
60-55-35-15 5 254565 85105125
TEMPERATURE (°C)

COMMON MODE REJECTION RATIO (dB)

TYPICAL APPLICATIONS (single supply voltage) V.. = +5V 4

AC COUPLED INVERTING AMPLIFIER

AC COUPLED NON-INVERTING AMPLIFIER

RF
100k
Y
R1

R1 {as shown A, =-10)
Ty 10k
Co
1 sl PR

A =1+B2
v R1

(as shown A, =11)

X
o T e N DR
el i

NON-INVERTING DC AMPLIFIER

DC SUMMING AMPLIFIER

=1+ 2

10 (As shown A, =101)

ey 100k

C

€; 100k

e; 100k

ey 100k
C

epTejte;-e3-gy
w%ere (el +es)z(ex+ey)
fokeepe, 20

v



LM158,A-LM258,A-LM358,A

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER USING SYMMETRICAL AMPLIFIERS TO
REDUCE INPUT CURRENT

ifR1T=RSand R3=R4 =R6=R7
g =[1+ 2R1]({ez+ey)
R2

As shown e; = 101 (g5 + &)

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER LOW DRIFT PEAK DETECTOR

R1
100%
1

fR1=Rband R3=R4 =R6=R7
e, =[1+ 2R1 J((ez+ey)

-
R2 /
I g compensation

As shown e, = 101 (e + e4)

ACTIVE BAND-PASS FILTER

C3 L
R8
100k e

A



LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

of
7
= - \(|‘ 1l
. Jllw' 1\
H = _ I\'I." ..ﬁ-m
B [BI i T
ke . E
z ] | Z
D
11 1M
[s 5
) ™
1 4
I I R |
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 332 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 1092 0430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
ed 762 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
152 0.060

99
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TLO71, TLOT1A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C — SEPTEMBER 1878 — REVISED AUGUST 1994

15 DEVICES COVER COMMERCIAL, INDUSTRIAL,
AND MILITARY TEMPERATURE RANGES

¢ Low Power Consumption ¢ Low Noise o
¢ Wide Common-Mode and Differential Vn =18 nVVHz Typ at f = 1 kHz
Voltage Ranges ¢ High Input Impedance ... JFET Input Stage
¢ Low Input Bias and Offset Currents ¢ |nternal Frequency Compensation
¢ Qutput Short-Circuit Protection ¢ Latch-Up-Free Operation
¢ Low Total Harmonic Distortion ¢ High Slew Rate ... 13 Vius Typ
0.003% Typ ® Common-Mode Input Voltage Range
Includes Vg +
description

The JFET-input operational amplifiers in the TLO7_ series are designed as low-noise versions of the TLOS_
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low
noise make the TLO7_ series ideally suited for high-fidelity and audio preamplifier applications. Each amplifier
features JFET inputs (for high input impedance) coupled with bipolar output stages integrated on a single
monolithic chip.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —55°C to 125°C.

AVAILABLE OPTIONS

PACKAGE
A Viomax [ SMALL CHIP CERAMIC | CERAMIC | PLASTIC | PLASTIC TSSOP FLAT
AT 26°C | OUTLINE | CARRIER DIP DIP DIP DIP PACKAGE | PACKAGE
(D)t (FK) () (JG) (N) (P) (PW) (W)
10myv | TLO71CD TLO7ICP | TLO71CPWLE
6mv | TLO71IACD — — — — TLO71ACP — —
amv | TLOT1BCD TLO71BCP —
0Cto 10my | TLO72CD TLO72CP | TLO72CPWLE
20 mv | TLO72ACD — — — — TLO72ACP — —
3mv | TLO72BCD TLO72BCP —
10mV | TLO74CD TLO74CN TLO74CPWLE
6mv | TLO74ACD — — — TLO74ACN — — —
3mv | TLO74BCD TLO74BCN —
" TLO71ID — TLO71IP
e | smv |Torap — — — — | Tworep - -
- TLO74ID TLO74IN —
_escip | 6MY TLOTIMFK — TLO7IMJG —
125G 6 mv TLOT2MFK — TLO72MJG — — - —
9mv TLO74MFK | TLO74MJ — TLOT4MW

T The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLO71CDR). The PW package is only available left-ended
taped and reeled (e.g., TLO72CPWLE).

PRODUCTION DATA information is cument as of publication date. Copyright © 1994, Texas Instruments Incorporated
Products conform to specifications per the tenms of Texas Instruments
standard wamanty. Production processing does not necessarily include TE,XAS

testing of all parameters.
INSTRUMENTS



TLO71, TLO71A, TLO71B, TL072
TLO72A, TL072B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C — SEPTEMBER 1978 — REVISED AUGUST 1994

TLO74, TLO71A, TLOT1B
D, JG, P, OR PW PACKAGE

(TOP VIEW)
OFFSETN1 [J 1 Vg ] NC
IN- ] 2 7] Voo«
IN+ ] 3 61l out
Vee- ] 4 51 oFFsET N2
TLOT1
FK PACKAGE
(TOP VIEW)
z
~
w
7]
(TR
[ORTHRESNO NG
Z20z2z 2
NC NC
IN— Veos
NC NC
IN+ ouT
NC NC
| o
o228
O [
> w
%]
[
[V
o
NC — No internal connection
symbols
TLO
OFFSET N1
IN+ B
IN- /—/
OFFSET N2

TLO72, TLO72A, TLO72B
D, JG, P, OR PW PACKAGE

TLO74, TLO74A, TLO74B
D, J, N, OR PW PACKAGE

(TOP VIEW) TLO74 ... W PACKAGE
(TOP VIEW)
U
10UT [} 1 sll Vee + TJ
1IN=[] 2 7[ zouT 1OUT[ 1 ™ 14l 40UT
1IN+ ] 3 6f 2n- 1IN-[J 2 13f]4IN-
Vee- [l 4 sl 2IN+ 1IN+[] 2 12 4N+
VeeoJ4 1l Vee-
2IN+[] 5 0] 3IN+
2IN-[] 6 of] 3IN-
20UT[] 7 a[] 30UT
TLO72 TLOT4
FK PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)
58 15 5
= =z
£oszL8 £022%
NC NC 1IN+ 4IN+
1IN- 20UT NC NC
NC NC Vees Voo -
1IN+ 2IN- NC NC
NC NC 2IN+ 3IN+
25852
o Q Q™
[3'] (2]
7
TLO72 (each amplifier)
TLO74 (each amplifier)
IN+ +-
} ouT ouT
IN- -




TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO072B, TL074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C — SEPTEMBER 1978 — REVISED AUGUST 1994

schematic (each amplifier)

]

Vec+ ™

1
b

Tt—n

ouT

\'4
TLO71 Only

All component values shown are nominal

COMPONENT COUNTT
COMPONENT
TYPE TLO71 TLO72 TLO74
Resistors 1 22 44
Transistors 14 28 56
JFET 2 4 6
Diodes 2 4
Capacitors 1 2 4
epi-FET 1 2 4

TIncludes bias and frim circuitry



TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C — SEPTEMBER 1978 — REVISED AUGUST 1994

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

Supply voltage, Vet (see Note 1) ..o 18V
Supply voltage, Voo (see Note 1) ... -18V
Differential input voltage, Vip (see Note 2) ... ... . +30V
Input voltage, V| (see Notes 1and 3) . ... ... . +15V
Duration of output short-circuit (see Note 4) ... unlimited
Coentinuous total dissipation ......... .. ... ... .. Rating Table
Operating free-air temperature range, Ta: Csuffix ... ... . ... i 0°C to 70°C

Fsuffix ..o -40°C to 85°C

Msuffix ... —55°C to 125°C
Storage temperature range . ... —-65°C to 150°C
Case temperature for 60 seconds: FKpackage .......... ... . ... . . .. i 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or W package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, or PW package ......... 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

2. Differential voltages are at IN+ with respect to IN—.

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

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

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING  DERATE TA=T70°C Ta=857C Ta=125°C
POWERRATING ~ FACTOR  ABOVETA POWERRATING POWERRATING POWER RATING
D (8 pin) 680 mW 5.8 mW/°C 33°C 464 mw 377 mw NA
D (14 pin) 680 mw 7.6 mWIC 60°C 608 mw 494 mw NIA
FK 680 mw 1.0 mWiC B8°C 680 mw 680 mW 275 mw
J 680 mwv 1.0 mW/eC 88°C £80 mW 580 mW 275 mW
JG 680 mwv 8.4 MW/ 69°C 672 mW 546 mW 210 mw
N 680 mw 9.2 mW/C 76°C B30 mW 598 mW NA
P 680 mW 8.0 mW/C 65°C 640 mw 520 mw NIA
PW (3 pin) 525 mw 42mWrC 70°C 525 mW N/A NiA
PW (14 pin) 700 mw 5.6 mW/°C 0c 700 mw NIA NiA
w 680 mwv 8.0 MW/ §5°C 540 mW 520 mW 200 mW
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electrical characteristics, Vee. =+15V (unless otherwise noted)

TLO71M

TLO74M
PARAMETER TEST CONDITIONST | Ta% TLO72M UNIT
MIN TYP MAX| MIN TYP MAX
A Input offset volt V=0, Rg=50Q 2C 2 : 2 2 vV
nput offset voltage =0, =5 m
10 P g 0 S Full range 9 15
Temperature coefficient of .
= =5 1 V&
[T2¥ile! input offset voltage Vo=0, Rg=50a |Fulrange 18 18 pv/eC
| Inout offset . Ve =0 25°C 5 100 5 100 pA
1o nputofiset curren 0= Full range 20 20 nA
25°C 65 200 65 200 PA
1]z Input bias current® Vo=0
50 50 nA
Common-mode input 12 12
VICR ) P 25°C 111 to +11 to v
voltage range 15 15
) Ry =10kQ 25°C +12 £135 +12 135
Vo Maximum peak output Rz 10k2 2 12 v
voltage swing Fuli range
R z2ka +10 +10
_sil = 25°C 35 200 35 200
AD Large S|gnal_d_|ﬁe_ren1|al Vo =+10V, VimV
voltage amplification RLz2ka 15 15
Bq Unity-gain bandwidth Ta=25°C 3 3 MHz
r Input resistance Ta=25°C 1012 1012 Q
| . Vi = Vicrmin, -
CMRR Commaon-mode rejection ratio Vo=0. Rs=500 25°C 80 86 80 86 dB
Supply-voltage rejection ratio Ve =48 Viox15V, -
ksvR (Voo 1 /AVI0) VG20, Rg=500 25°C 80 a6 80 86 dB
lce Supply current (each amplifier) |V =0, Noload 25°C 14 2.5 1.4 2.5 mA
Vo1/Vo2 Crosstalk attenuation Ayp = 100 25°C 120 120 dB

TInput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in

Figure 4. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.

T Al characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range is
Ta =—-55"Cto 125°C
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operating characteristics, Vcg+ =215V, Ta = 25°C

TLO7xM ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX
- L vi=10V, Rl =2k, wr
SR Slew rate at unity gain C| = 100 pF, See Figure 1 5 13 8 13 Vius
t Rise time overshaot V)=20mV, Rp =2k, 0.1 0.1 us
r factor Cp =100 pF, See Figure 1 20% 20%

v Equivalent input noise Rg =200 f=1kHz 18 18 nviHz
n voltage f=10Hz to 10 kHz 4 4 ny
In Ejr‘;g;‘em nputnoise e -0 q, f=1kHz 0.01 0.01 pANTEE

VORMS) =10V, Rg=1kQ, o, 0
THD  Total harmonic distortion Rl =2 kO, £ 1 kHz 0.003% 0.003%

PARAMETER MEASUREMENT INFORMATION

10 ke
A ———
1k
Vo v Q
V) 4 Vo
CL =100 pF == %RL= 2 kQ < L
] Li —~ CL=100pF
Figure 1. Unity-Gain Amplifier Figure 2. Gain-of-10 Inverting Amplifier

%1.5“1

Vee-

Figure 3. Input Offset Voltage Null Circuit
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Vom — Maximum Peak Qutput Voltage - V

TYPICAL CHARACTERISTICS?T

INPUT BIAS CURRENT MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
100 FREE-AIR TEMPERATURE FREQUENCY
= 15 TTTTIT T 17 T T 1111
—Veee=+15V Vee+ =115V RL =2kQ
>|‘ Tp=25C
/ 2 +125 See Figure 2
< 10 = %
‘L II >
é // §_ +10 Veg+=+10V
=1 / =
(5] / o
g 1 = T 475
o 7 o
H / g
E o4 / E  i5 Vees=£6V
1 / .
@ 2
= — \
= = 125
- o \
\\
0.01 0 s
-75 -50 -25 0 25 50 75 100 125 100 1k 10k 100 k 1M 10M
Ta — Free-Air Temperature — °C f - Frequency - Hz
Figure 4 Figure 5
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
vs Vs
FREQUENCY FREQUENCY
+15 T T T T +15 T T TTTT
I TTI { ez il
= Tp = 25°C 1 = 9Es RL=2kQ
v, =116V A Ta=25C I
1125 cet See Figure 2 % +12.5 A -~ See Figure 2
\ : A\
+10 ‘é. +10
s Tp =-55°C
Vee+= 10V o \ A
75 E 275 \
o )
E
Ta =125°C
+5 E +5 A \
e
Vec+=15V = \
1
125 = £25
\ o \ R
=
\ \\‘- \""-n
0 I 0 Tt
100 1k 10k 100 k 1M 10M 10k 40k 100k 400k 1M 4M 10M
f-Frequency - Hz f- Frequency - Hz
Figure 6 Figure 7
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TYPICAL CHARACTERISTICST

MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE LOAD RESISTANCE
+15 T T +15 T L
RL =10 k2 =
- IT . - VC?i (115 v i
d|.1 125 ‘ | d|.1 125 Tap =25°C |
o T2 ; : o 112.5 [ See Figure 2
g ] RL =2kQ _‘—--______ g /
(=} (=} ¥
> > Py
‘g +10 ‘g +10
5 5 4
o o //
E 475 E 175
g & /
E E /
= =
E 15 E +5
£ £
(] (]
S S /
1 1
+2.5 +2.5
5 Veei=+15V 5
See‘ Figurle 2
0
-76 -50 -25 O 25 50 75 100 125 0.1 0.2 04 07 1 2 4 7 10
Ta — Free-Air Temperature - °C RL - Load Resistance — kQ2
Figure 8 Figure 9
LARGE-SIGNAL
MAXIMUM PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
+15 T T 1000
> RL =10 ka
1 Tp=25C 400
g 1125 - -
© [ T
= € E 200
z / 5> —~
S 10 < | 100
& / = c
S 1
o / TR
= 5 8 40
= +7.5 / & E
o / ¢ B 20
£ 2
= L]
E 5 < &5 10
3 LE
s / Ss
L s / < 4 Vec+=£15V
- Vo=110V
2 =
> RL=2k2
0 1 ‘ l
0 2 4 6 8 10 12 14 16 -75 =50 -25 O 25 50 75 100 125
Ve +l - Supply Voltage - V Ta - Free-Air Temperature — °C
Figure 10 Figure 11

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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TYPICAL CHARACTERISTICSt

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
AND PHASE SHIFT

FREQUENCY
108 T T T
Voor=+5Vto+15V
~ RL=2kQ
— 105 Tp=25C
T A
N
£s \ ‘ ‘ 0
£ S qpd -
5® 10 \ Differential E
= _g \ Voltage 7
.E” E 103 Amplification 45° E
@ < £
o o
° 92 \ \
el TN N
a .
< o Phase Shift \\ 135
1 \ 180°
1 10 100 1k 10k 100k 1M 10M
f— Frequency — Hz
Figure 12
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE
89 T T
@ Vee+=+15V
é RL=10ka
= 88
o
14
c
]
Tt 87
o
@
4
2
T 86
E -1
<
£
£ 85
Q
(5]
1
x 84
o
=
o
83
-75 -50 -25 0 25 50 75 100 125

Tp — Free-Air Temperature —°C

Figure 14

NORMALIZED UNITY-GAIN BANDWIDTH

AND PHASE SHIFT

Vs
FREE-AIR TEMPERATURE
1.3 ‘ ‘ ‘ ‘ 1.03
£ 12 Unity-Gain Bandwidth 1.02
=
3
2
& 1. 1 \ 1.01
= [~
o
Q | Phase Shift
2 1 1
=
=]
©
2 09 \\ 0.99
©
E ™~
S Vee+=116V
Z 08 glirka 0.98
f = B4 for Phase Shift
0.7 ‘ | ‘ 0.97
-75 -50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature —°C
Figure 13
SUPPLY CURRENT PER AMPLIFIER
Vs
SUPPLY VOLTAGE
2 T |
P Ta =25°C
? 18 [~ No Signal
-E‘—:’ 16 No Load
£ 14
<
5 12
g 1
5
© 08
>
o
S 06
(%]
1, 04
[&]
L o2
0
0 2 4 6 8 10 12 14 16

Ve 4l — Supply Voltage — V

Figure 15

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

Normalized Phase Shift
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TYPICAL CHARACTERISTICST

SUPPLY CURRENT PER AMPLIFIER

Vs
FREE-AIR TEMPERATURE
2 T T
< Vec+ =215V,
% 18 No Signal — |
E 16 ~ No Load
s ™~
E 14 ~_
S 12 ~_
.
3
> 08
g
2 06
7]
L o04
4]
L2 02
0
-75 =50 -25 O 25 50 75 100 125
Tpa - Free-Air Temperature — °C
Figure 16
NCRMALIZED SLEW RATE
vs
FREE-AIR TEMPERATURE
1.16 T T
Vec+=£16V
RL =2k
110 = ¢ =100 pF
2
Z 1.05
H
Q
7
E’ 1
E 0.95 \\
2 \\
0.90
0.85
-75 -50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature — °C

Figure 18

TOTAL POWER DISSIPATED
Vs
FREE-AIR TEMPERATURE

250 T T
Vee+=158V
225 No Signal — |
= N No Load
£ 200
1 I
8 175
g ~~_ TLo74
‘w 150
g ™~
= 125
@
g 100
o
—
3 - ——_TLO72
= N
o 50 TLO71
o |
—
25
0
-75 -50 -25 0 25 50 75 100 125
Tp - Free-Air Temperature — °C
Figure 17
EQUIVALENT INPUT NOISE VOLTAGE
Vs
FREQUENCY
N
Ig %0 Vec+=£15V
3 Ayp= 10
5 VD
= \ Rg= 200
o 40 Y TA=26C 1§
LN
3 N
g 30 3
2 |
4
5 \
Q
£ 20 1
£
g
©
2
Z 10
w
|
c
=
0
10 40 100 400 1k 4k 10k 40k 100k

f — Frequency — Hz

Figure 19

1 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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THD - Total Harmonic Distortion = %

TYPICAL CHARACTERISTICS
TOTAL HARMONIC DISTORTION
vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
1 = 6
= Voc+=+15V Vecs=+15V
= A= ¥ 7 RL=2ko
04 1~ virms) = 6V 2 4 Cp =100 pF
| Ta= 25° Tp =25°C
Ta= 26%C % Output \
>
0.1 g 2
(=%
g \
0.04
T 0 /
o
5
=%
0.01 .. -T -2
7 o Input
0.004 — z \
2 4
& \
N
0.001 -6
100 400 1k 4k 10k 40k 100 k 0 05 1 15 2 25 3 35
f-Frequency - Hz t — Time —ps
Figure 20 Figure 21
OUTPUT VOLTAGE
Vs
ELAPSED TIME
28
24 JL ——
Overshoot
B >
i f 90%
2 16 !
2 |
g 12 |
3 / |
£ [
3 8 T
1
|
L 4 i
10% | Voo =115V
0 } RL=2kQ
it Ta =25°C
A
_4 | |
0 01 02 03 04 05 06 07
t-Time -ps
Figure 22



TLO071, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C — SEPTEMBER 1978 — REVISED AUGUST 1994

APPLICATION INFORMATION

Table of Application Diagrams

PART
APPLICATION DIAGRAM NUMBER FIGURE
0.5-Hz square-wave oscillator TLO71 23
High-Q notch filter TLOT1 24
Audio-distribution amplifier TLO74 25
100-kHz quadrature oscillator TLO72 26
AC amplifier TLO71 27

RE = 100 kQ
+—— QOutput
Input $— Output
1kQ
R2 = 2R3 = 15 MQ
- G

91 KO : : C2 = 3= 110 pF

f=— 1 ' ' fo=e 1 _ 4 KkHz
2x RF CF = = 07 2x R1 C1

Figure 23. 0.5-Hz Square-Wave Oscillator Figure 24. High-Q Notch Filter

Vee+

TLO74 b—— Output A

=
s]
<
o
o]
+
\/

- Vee-

Vee+

TLO74 —— Output B

\/,7

Vee-
Vee+
Vee+

TLO74 p—— OQutput C

»

Vee-
Figure 25. Audio-Distribution Amplifier
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APPLICATION INFORMATION

1N4148 18 k< (see Note A)
6 sin at 15V
18 pF
—t— 18 pF 1ka
Vce+ 0—{ —

88.4 k2 Vee+
TLO72 A

88.4kQ * TLO72 * 6 cos at
Vee- .
18 pF vee. 1kQ

1N4148 18 kil (see Note A)

88.4 kQ

NOTE A: These resistor values may be adjusted for a symmetrical output.

Figure 26. 100-kHz Quadrature Oscillator

Vce+

0.1 LlF%:
1T toke

10ko \\ 1Ma

IN-—@
% 500 TLO71 out

01 pF -

Figure 27. AC Amplifier
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Ultralow Offset Voltage
Operational Amplifiers

0P07/

FEATURES

Low Vgg: 75 pV Max

Low Vgg Drift: 1.3 pV/°C Max
Ultra-Stable vs. Time: 1.5 pV/Month Max
Low Noise: 0.6 pV p-p Max

Wide Input Voltage Range: =14V

Wide Supply Voltage Range: 3 Vto 18 V
Fits 725,108A/308A, 741, AD510 Sockets
125°C Temperature-Tested Dice

APPLICATIONS
Wireless Base Station Control Circuits
Optical Network Control Circuits
Instrumentation
Sensors and Controls

Thermocouples

RTDs

Strain Bridges

Shunt Current Measurements
Precision Filters

GENERAL DESCRIPTION

The OPO07 has very low input offset voltage (75 iV max for
OPO7E) which is obtained by trimming at the wafer stage. These
low offset voltages generally eliminate any need for external null-
ing. The OPO7 also features low input bias current (4 nA for
OPO07E) and high open-loop gain (200 V/mV for OP07E). The
low offsets and high open-loop gain make the OP07 particularly
useful for high-gain instrumentation applications.

The wide input voltage range of £13 V minimum combined with
high CMRR of 106 dB (OP07E) and high input impedace pro-
vides high accuracy in the noninverting circuit configuration.
Excellent linearity and gain accuracy can be maintained even at

PIN CONNECTIONS

Epoxy Mini-Dip (P-Suffix)
8-Pin 8O (S-Suffix)

NC = NO CONNECT

high closed-loop gains. Stability of offsets and gain with time or
variations in temperature is excellent. The accuracy and stability
of the OP07, even at high gain, combined with the freedom
from external nulling have made the OP07 an industry standard
for instrumentation applications.

The OPOT7 is available in two standard performance grades. The
OPO7E is specified for operation over the 0°C to 70°C range, and
OP07C over the —40°C to +85°C temperarture range.

The OPO7 is available in epoxy 8-lead Mini-DIP and 8-lead SOIC.
It is a direct replacement for 725,1084A, and OP05 amplifiers;
741-types may be directly replaced by removing the 741’s nulling
potentiometer. For improved specifications, see the OP177 or
OP1177. For ceramic DIP and TO-99 packages and standard
micro circuit (SMD) versions, see the OP77.

we ’
7
R2A* A28
C) (OPTIONAL C)
NULL) o [
1 8

“NOTE
A2A AND RZB ARE RiA g —[ 1
El

QFFSET VOLTAGE.

3 R3

MON-
INVEATING
INPUT

A4

INVERTING 2
INPUT

]
ouTPUT
6

R10

D ¥ma (P Re

Figure 1. Simplified Schematic
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0PO7-SPECIFICATIONS
UPOTE ELECTRICAL CHARACTERISTICS (Vs= +15V, Ty = 25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offset Voltage! Vos 30 75 uv
Long-Term Vgg Stabiliry? Vog/Time 0.3 1.5 uviMo
Inpurt Offset Current Tos 0.5 3.8 nA
Inpurt Bias Current Ig +1.2 +4.0 nA
Input Noise Voltage e, p-p 0.1 Hz to 10 HZ? 0.35 0.6 uv p-p
Input Noise Voltage Density e, fo =10 Hz 10.3 18.0 nVyHz
fo = 100 HZ? 10.0 13.0 nVVHz
fo=1kHz 9.6 11.0 nVVHz
Input Noise Current L pp 14 30 PADP-p
Input Noise Current Density I, fo =10 Hz 0.32 0.80 pAVHz
fo = 100 HZ 014 023 pAVHz
fo=1KkHz 0.12 0.17 pAVHz
Input Resistance—Differential Mode* Ry 15 50 mel
Input Resistance—Common-Mode Rivem 160 GQ
Inpurt Volrage Range IVR +13 +14 v
Common-Mode Rejection Ratio CMRR Vem =213V 106 123 dB
Power Supply Rejection Ratio PSRR Vs=13Vto 18V 5 20 uvv
Large-Signal Voltage Gain Avo Ry 22kQ, Vo=210V 200 500 VimV
R 25000, V=205V,
Vg=13V! 150 400 VimV
OUTPUT CHARACTERISTICS
Output Volrage Swing Vo Ry 210 kQ +12.5 +13.0 v
R 2 2kQ +12.0 +12.8 v
Rz 1kQ +10.5 +12.0 v
DYNAMIC PERFORMANCE
Slew Rate SR Ry =2 kP 0.1 0.3 Vips
Closed-Loop Bandwidth BW Ayor = 1° 0.4 0.6 MHz
Closed-Loop Output Resistance Ro Vo=0,Ip=0 60 Q
Power Consumption Py Vg=2115V, No Load 75 120 mW
Vs =113 V, No Load 4 6 mW
Oftser Adjustunent Range Rp =20 kQ +4 mV
NOTES

Hnput offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.

*Long-term inpur offset volrage stability refers to the averaged trend time of VOS vs. Time over extended periods after the first 30 days of operation. Excluding the ini-
tial hour of operation, changes in VOS during the first 30 operating days are typically 2.5 UV refer to the typical performance curves. Parameter is sample tested.
*Sample tested.

*Guaranteed by design.

SGuaranteed but nor rested.

Specifications subject to change without notice.
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0P07C ELECTRICAL CHARACTERISTICS (Vs= =15V, Ty = 25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offset Voltage' Vos 60 150 uv
Long-Term Vg Stability” Vos/Time 0.4 2.0 uviMo
Input Offset Current Ios 0.8 6.0 nA
Input Bias Current Ig +1.8 +7.0 nA
Input Noise Voltage e, p-p 0.1 Hz to 10 Hz? 0.38 0.65 uv p-p
Input Noise Voltage Density e, fo=10Hz 10.5 20.0 nVVHz
fo = 100 Hz’ 10.2 13,5 nVWHz
fo=1kHz 0.8 115 nVWHz
Input Noise Current L, pp 15 35 PA p-p
Input Noise Current Density I, fy =10 Hz 0.35 0.90 pAYHz
fy = 100 HZ 0.15 0.27 pAVHzZ
fo =1 kHz 0.13 0.18 pAVHzZ
Input Resistance- Differential Mode* | Ry 8 33 mé
Input Resistance- Common-Mode Rvem 120 GQ
Input Voltage Range IVR +13 +14 v
Common-Mode Rejection Ratio CMRR Ve =113V 100 120 dB
Power Supply Rejection Ratio PSRR Vg=13Vtotl8V 7 32 uvivy
Large-Signal Voltage Gain Ayo Ry 22k, Vo=210V 120 400 VimV
Ry z2500Q, V=105V,
Vg=+3V* 100 400 VimV
OUTPUT CHARACTERISTICS
Ourput Voltage Swing Vo Ry = 10 kQ +12.0 +13.0 v
Ry =2 kQ +11.5 +12.8 v
Ry = 1 kQ2 +12.0 \'%
DYNAMIC PERFORMANCE
Slew Rate SR Ry = 2 kQ? 0.1 0.3 Vips
Closed-Loop Bandwidth BW Ayor=1° 0.4 0.6 MHz
Closed-Loop Output Resistance Ro Vo=0,Ip=0 60 Q
Power Consumption Py Vg =115V, No Load 80 150 mW
Vg =113 V, No Load 4 8 mW
Offset Adjustment Range Rp =20 kQ +4 mV

NOTES

'Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.

?Long-term input offset voltage stability refers to the averaged trend time of VOS vs. Time over extended periods after the first 30 days of operation. Excluding the ini-
tial hour of operation, changes in VOS during the first 30 operating days are typically 2.5 uV refer to the typical performance curves. Parameter is sample tested.
*Sample tested.

4Guaranteed by design.

*Guaranteed but not tested.

Specifications subject to change without notice.



0P07-SPECIFICATIONS
UPUTE ELECTRICAL CHARACTERISTICS (Vs= =15V, 0°C < T, < 70°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS

Input Offser Voltage! Vos 45 130

Voltage Drift without External Trm® | TCVog 0.3 1.3

Voltage Drift with Exrernal Trim® TCVosn Rp =20 kQ 0.3 1.3

Inpur Offset Current Tos 0.9 53

Input Offset Current Drift TClpg 8 35

Input Bias Current I t15 155

Input Bias Current Drift TClg 13 35

Input Voltage Range IVR +13 +13.5

Common-Mode Rejection Ratio CMRR Vem =113V 103 123

Power Supply Rejection Ratio PSRR V=23Vt t18V 7 32

Large-Signal Voltage Gain Ayo B 22kQ, V=110V 180 450
OUTPUT CHARACTERISTICS

Ourpurt Voltage Swing Vo R 210 kQ +12 +12.6 v
NOTES

nput offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
2Guaranteed by design.

*Sample tested.

Specifications subject to change without notice.

OPO7C ELECTRICAL CHARACTERISTICS

(Vs= £15V, —40°C <T, < +85°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS

Input Offset Voltage! Vos 85 250

Voltage Drift without External Trim® | TCVqg 0.5 1.8

Voltage Drift with External Trim® TCVosn Rp =20 kQ 0.4 1.8

Input Offset Current Tos 1.6 8.0

Inpurt Offset Current Drift TClpg 12 50

Input Bias Current I 2.2 19.0 nA

Input Bias Current Drift TClIg 18 50 pA/CC

Inpurt Voltage Range IVR +13 +13.5 A%

Common-Mode Rejection Ratio CMERR Vem =113V 97 120 dB

Power Supply Rejection Ratio PSRR Ve=13Vtw 18V 10 51 uvv

Large-Signal Voltage Gain Ayo R 22K, Vp=+10V 100 400 VimV
OUTPUT CHARACTERISTICS

Ourpurt Voltage Swing Vo Ry 210 kQ +11 +12.6 \Y
NOTES

Hnput offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
*Guaranteed by design.
*Sample tested.

Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS* Package Type By ¢ Units
Supply Voltage (Vg) . ...t +22V
Input Voltage® . ............. ... ... .. ... ... ... 22V 8-Lead Plastic DIP (P) 103 43 cw
Differential Input Voltage ....................... +30V 8-Lead SOIC (8) 158 43 “Cw
Ourput Short-Circuit Duration ................ Indefinire _ ed . ditions, .e.. B ified for device i ket
1a 15 specilied Tor worst casc conditions, 1.€., Ua 15 specilied I0r device 1n soCke
Storage Temperature Range - - for P-DIP package, fija is specified for device soldered to printed circuit board
S,PPackages ...................... —65°C to +125°C for SO package.
Operating Temperature Range
OPOTE ... . e 0°Cto 70°C
OPO7C ... o —40°C to +85°C
Junction Temperature Range . .................... 150°C
Lead Temperature Range (Soldering, 60 sec) ........ 300°C

*For supply voltages less than £22 V, the absolute maximum input voltage is equal
to the supply voltage.

ORDERING GUIDE

Temperature Package Package | Branding

Model Range Description Option Information

OPO7EP 0°C to 70°C 8-Lead Epoxy DIP P-8

OP07CP -40°C to 85°C 8-Lead Epoxy DIP P-8

OP07CS -40°C to 85°C 8-Lead SOIC S-8
CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARN |NGI @
accumulate on the human body and test equipment and can discharge without detection. Although
the OP07 features proprietary ESD protection circuitry, permanent damage may occur on devices ﬁ
subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are recom- ESD SENSITIVE DEVICE

mended to avoid performance degradation or loss of functionality.
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PINOQUTS SHOWN FOR J, P, AND Z PACKAGES
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TYPICAL APPLICATIONS

- SENSING
JUNCTION

REFERENGE
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PINOUTS SHOWN FOR J. P, AND Z PACKAGES

Figure 8. High-Stability Thermocouple Amplifier

R1
Ejy 102
o

10V

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

Figure 9. Precision Absolute-Value Circuit

APPLICATIONS INFORMATION

OPO07 series units may be substituted directly into 725, 108A/
308A* and OP05 sockets with or without removal of external
compensation or nulling components. Addirionally, the OP07
may be used in unnulled 741 type sockets. However, if conven-
tional 741 nulling circuitry is in use, it should be modified or
removed to enable proper OP07 operation. OP07 offset voltage
may be nulled to zero through use of a potentiometer (see offset
nulling circuit diagram).

PRECISION ABSOLUTE-VALUE CIRCUIT

The OPOT provides stable operation with load capacitance of
up to 500 pF and £10 V swings; larger capacitances should be
decoupled with a 50 Q decoupling resistor.

Stray thermoelectric voltages generated by dissimilar metals at
the contacts to the input terminals can degrade drift performance.
Therefore, best operation will be obtained when both input con-
tacts are maintained at the same temperature, preferably close to
the package temperature.

+T0-99 Package only
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(K=50001) R2=100kQ, RI=100KQ 5131 & eiiS o 55 liasedin Y-F Jyr

lHz) £ (%] AVI (Inv) =1 AVI (Nonlnv) =2
- (%
! A, PSpice Ay PSpice
Im 0.002 0.99998 1.0000 1.99996 1.9993
10k 0.022 0.99978 0.9998 1.99956 1.9990
23k 0.107 0.99892 0.9991 1.99785 1.9975
71k 0.995 0.9900 0.9914 1.9800 1.9822
102k 2.02 0.9798 0.9825 1.9596 1.9644
125k 2.99 0.9701 0.9740 1.9402 1.9475
145k 3.96 0.9604 0.9655 1.9208 1.9304
165k 5.04 0.9496 0.9560 1.8992 1.9115
200k 7.15 0.9284 0.9372 1.8569 1.8739
500k 29.29 0.7071 0.7307 1.4142 1.4609
1M 55.28 0.4472 0.4660 0.8944 0.9317
(K= 9091.91) R2=10kQ, RI=100KQ 131 4 oS o 35 liasice =T sl
#lH:] £ (%] AV] (Inv) =10 AVI (Nonlnv) =11
-E,[%

Ay, PSpice Ay, PSpice
Im 0.011 9.9989 9.999 10.9988 10.995
100 0.011 9.9989 9.999 10.9988 10.995
1k 0.017 9.9983 9.998 10.9981 10.995
4k 0.107 9.9892 9.989 10.9882 10.985
10k 0.610 9.9389 9.940 10.9329 10.931
13k 1.018 9.8982 9.865 10.8880 10.886
18.5k 2.018 9.7981 9.802 10.7779 10.779
23k 3.061 9.6935 9.698 10.6629 10.665
26.5k 4.002 9.5995 9.607 10.5594 10.564
30k 5.039 9.4953 9.505 10.4449 10.452
100k 32.73 6.7264 6.762 7.39901 7.436
500k 82.11 1.7888 1.798 1.96772 1.978
M 90.94 0.9053 0.897 0.99593 0.987

Y YA




(K=991.1) R2=1kQ, R1=100kQ (I3l « o0 o 55 Soliasoiia §-T s

AVI (Inv) =100

AVI (NonInv) =101

H

fl:] £ %] A, PSpice Ay PSpice
Im 0.101 99.89910 99.899 100.89809 100.866
100 0.106 99.89402 99.894 100.89296 100.861
1k 0.606 99.39444 99.395 100.38839 100.358
1.35k 1.01 98.98505 98.980 99.97489 99.938
1.95k 1.98 98.01989 98.014 99.00009 98.963
2.45k 3.02 96.97991 96.980 97.94971 97.919
2.85k 3.99 96.00844 95.998 96.96853 96.927
3.22k 4.99 95.01048 94,998 95.96057 95.916
10k 29.7 70.32284 70.296 71.02607 70.976

100k 90.1 9.85272 9.841 9.95125 9.936

1M 99.0 0.99005 0.971 0.99995 0.980

(K =100.9) R2=100Q, RI=100KQ (131 & oS o 55 oluasedie 0-F Jyix
A, (Inv) =1000 A, (Nonlnv) =1001
flHz] _E,[%] ! !

A, s PSpice A, s PSpice
Im 0.991 990.0892 990.064 991.0793 990.739
1 0.991 990.0887 990.063 991.0788 990.739
10 0.996 990.0406 990.015 991.0306 990.691
14 1.000 989.9939 989.968 990.0839 990.644
100 1.471 985.2622 985.222 986.2474 985.895
145 1.998 980.0214 979.936 981.0015 980.605
206 2.992 970.0780 969.971 971.0482 970.633
255 4.009 959.9089 959.774 960.8688 960.429
296 4.995 950.0522 949.788 951.0022 950.436
1k 29.67 703.2284 702.564 703.9316 703.044
10k 90.06 99.3954 99.170 99.4948 99.238

100k 99.00 9.9895 9.970 9.9995 9.977

M 99.90 0.9990 0.979 1.0000 0.979

VYo




[1] http://www.alldatasheet.com
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