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Lecture 16

Nonideal Op Amp Characteristics



Quiz 11

The dc gain of this circuit was measured to be 5 and the 3dB bandwidth
was measured to be 600KHz. Determine as many of the following as
possible from this information if it is known that the op amp can be modeled
as a single-pole lowpass amplifier.

Ao (dc gain of the Op Amp)
P (pole of the Op Amp)
GB (gain-bandwidth product of Op Amp)

Ro=4K
R1=1 K
—WWA——_ y
i / OuT
R3;=6K
_|_
VIN <—>




And the number is ?
3 38



And the number is ?
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The dc gain of this circuit was measured to be 5 and the 3dB bandwidth
was measured to be 600KHz. Determine as many of the following as
possible from this information if it is known that the op amp can be modeled
as a single-pole lowpass amplifier.

A, (dc gain of the Op Amp) Insufficient information to determine
p (pole of the Op Amp) A,orp
GB (gain-bandwidth product of Op Amp)
R
R,=4K GB=K BW= 1+E2 BW

=1K Y |

GB=5 ¢ 600KHz = 3MHz =(18.8MRad / Sec)
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Nonideal op amp characteristics
=== Fjnite Gain
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Finite GB and BW

A, (a8 f}

GB

A,w, =GB

termed Gain-Bandwidth Product



Macromodel of op amp

R
T + + Vo
\/m 1 éAVV1 ::(: V2 é V2
T - T
V, B A, If C=1F
\/i 1+ i :i
Wy w,

o == BW—%

Basic inverting or noninverting amplifier useful for measuring GB



Stable

= > V. p= GB Unstable !
] K.
v C? K, =1 iR
ul R,

Essentially all op amp circuits designed to operate linearly will be unstable if
the input terminals of the operational amplifier are interchanged !!

The ability to make this determination is one of the major reasons for
studying stability in this course



Nonideal op amp characteristics

* Finite Gain

* Finite BW > GB

« Compensation
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« Slew Rate
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Nonideal op amp characteristics

* Finite Gain

* Finite BW > GB

« Compensation

« Output Saturation
===> Slew Rate

* Rin & Royr

« Offset Voltage

« Bias Currents

« CMRR
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« Offset Current

* Full Power Bandwidth
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Nonideal op amp characteristics
* Finite Gain
* Finite BW > GB
« Compensation
« Output Saturation
« Slew Rate
= Rn & Rour
« Offset Voltage
« Bias Currents
« CMRR
« PSRR
« Offset Current
* Full Power Bandwidth




Rin and Royr

R,y IS the input impedance to an op amp
(a few MQ for bipolar inputs, many GQ for FET input op amps)

Rout is the output impedance of an op amp
(in the 75Q range)

Macromodel including R,y and Rgt

R

Several thousand commercially available op amps, specs can vary
considerably!



Nonideal op amp characteristics
* Finite Gain
* Finite BW > GB
« Compensation
« Output Saturation
« Slew Rate
* Rin & Royr
= Offset Voltage
« Bias Currents
« CMRR
« PSRR
« Offset Current
* Full Power Bandwidth
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Nonideal op amp characteristics
* Finite Gain
* Finite BW > GB
« Compensation
« Output Saturation
« Slew Rate
* Rin & Royr
« Offset Voltage
———> Bias Currents
« CMRR
« PSRR
« Offset Current
* Full Power Bandwidth




Bias and Offset Currents

IBIAS

e

—>

IBIASZ

lg a5 1S small for bipolar input op amps, extremely small for FET input
op amps

Can be neglected in most designs regardless of whether FET or
Bipolar input

Typical question on many interviews

OFSET  'BIAS1 BIAS2
loerset IS @ random variable with zero mean for most designs

lgias @round 50 nA for 741, |5erser @round 3nA for 741



HA741, HATA1Y

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

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 pA741

MA741M ... J PACKAGE

(TOP VIEW)

NC[] 1 o 14]] NC

NC [] 2 13[] NC
OFFSETN1 [] 3 12|]] NC

IN-[] 4 1[] Vees

IN+[] 5 10[] OUT

Vee—[l 6 9o[] OFFSET N2
NC[] 7 g[] NC

description

HA741M . .. JG PACKAGE
UAT741C, pA741l ... D, P, OR PW PACKAGE

The pA741 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 value potentiometer may be
connected between the offset null inputs to null
out the offset voltage as shown in Figure 2.

The pA741C is characterized for operation from
0°C to 70°C. The pA741l is characterized for
operation from —40°C to 85°C.The pA741M is
characterized for operation over the full military
temperature range of —55°C to 125°C.

(TOP VIEW)
OFFSET N1 [] 1 o g[]NC
IN-[] 2 7 Ve
IN+ [] 3 6 [] OUT
Vee- [ 4 5[] OFFSET N2
HA741M . ..U PACKAGE
(TOP VIEW)
NC[] 1 o 10[] NC
OFFSETNL1[] 2 o|] NC
IN-[] 3 8|l Vec+
IN+ ] 4 7 ] ouT
Vee-[l s 6|] OFFSET N2

symbol

OFFSET N1

HA741M ... FK PACKAGE

ouT

OFFSET N2

(TOP VIEW)
—
P
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(1]
n
LL
OL VOO
z0zz2z
/ LILJLJLJL]
3 212019
NC [] 4 18[1 NC
IN-[]5 1700 Vee+
NC [] 6 16[] NC
IN+ []7 15[] ouT
NC []8 14[] NC
9 10 11 12 13
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o oy o
z 8z z
|_
> W
n
LL
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O

NC — No internal connection

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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Copyright 00 2000, Texas Instruments Incorporated
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HA741, HAT41Y
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
TA SMALL CHIP CERAMIC CERAMIC PLASTIC TSSOP FLAT FORM
OUTLINE CARRIER DIP DIP DIP PW) PACK )
(D) (FK) Q) (JG) (P) (V)
0°C to 70°C HA741CD HA741CP | HA741CPW HA741Y
—40°C to 85°C HA741ID HA741IP
—55°C to 125°C HA741MFK HA741MJ HA741MIG HA741MU
The D package is available taped and reeled. Add the suffix R (e.g., JA741CDR).
schematic
Py Py VCC+
IN—
>
ouT
IN+
' i
—F— g
=]
® oo
[
OFFSET N1
OFFSET N2 % %
§ Py ® P PY Vce-
Component Count
Transistors 22
Resistors 11
Diode 1
Capacitor 1
‘bi TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




HA741, HATA1Y
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

MA741Y chip information

This chip, when properly assembled, displays characteristics similar to the pA741C. 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

Vee+

ouT

45
CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tjmax = 150°C.
TOLERANCES ARE +10%.
A 4 ALL DIMENSIONS ARE IN MILS.
r~ 50 L

{'}‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



HA741, HAT41Y
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
HA741C HAT741l HA741M UNIT
Supply voltage, Vcc+ (see Note 1) 18 22 22 \%
Supply voltage, Vcc — (see Note 1) -18 -22 -22 \%
Differential input voltage, V|p (see Note 2) +15 +30 +30 \%
Input voltage, V| any input (see Notes 1 and 3) +15 +15 +15 \%
Voltage between offset null (either OFFSET N1 or OFFSET N2) and Vcc— +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, Ta 0to 70 -40t085 |-55t0 125 °C
Storage temperature range —651t0 150 | —65to 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, 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 conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ 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 pA741M 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 =85°C Tp =125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING

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

FK 500 mw 11.0 mw/°C 105°C 500 mw 500 mw 275 mwW
J 500 mW 11.0 mw/°C 105°C 500 mwW 500 mW 275 mWwW

JG 500 mwW 8.4 mW/°C 90°C 500 mw 500 mw 210 mw
P 500 mwW N/A N/A 500 mwW 500 mW N/A

PW 525 mw 4.2 mw/°C 25°C 336 mW N/A N/A

U 500 mwW 5.4 mWw/°C 57°C 432 mW 351 mw 135 mw

Q’ TeXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



HA741, HATA1Y

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

electrical characteristics at specified free-air temperature, V

cc+ = +15V (unless otherwise noted)

TEST UA741C MA741l, pA741IM
PARAMETER Tat UNIT
CONDITIONS A MIN  TYP MAX| MIN TYP MAX
\Y Input offset volt Vo=0 25°C ! 6 ! > \
nput offset voltage = m
10 P g © Full range 7.5 6
AV|o(adj) Offset voltage adjustrange Vo =0 25°C +15 +15 mV
25°C 20 200 20 200
llo 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-mode |nput 25°C +12 +13 +12 +13
VICR v
voltage range Full range +12 12
RL =10kQ 25°C +12 +14 12 +14
Maximum peak output RL >10kQ Full range +12 12
Vom - \
voltage swing RL=2kQ 25°C £10  +13 10  +13
R =2kQ Full range +10 +10
-si i i RL22kQ 25°C 20 200 50 200
AVD Large-signal _d_lfferentlal L Vimv
voltage amplification Vo =10V Full range 15 25
i Input resistance 25°C 0.3 2 0.3 2 MQ
o Output resistance Vo =0, SeeNoteb5 25°C 75 75 Q
Cj Input capacitance 25°C 1.4 1.4 pF
- iecti 25°C 70 90 70 90
CMRR Co.mmon mode rejection Vic = Vicrmin dB
ratio Full range 70 70
itivi 25°C 30 150 30 150
ksvs Supply voltage sensitivity Voo =9 V1o £15V WV
(AV|o/AVce) Full range 150 150
los Short-circuit output current 25°C +25 +40 +25 +40 mA
| Supol ; Va=0. Noload 25°C 1.7 2.8 1.7 2.8 A
u curren =0, Noloa m
cc PPy o Full range 3.3 3.3
L 25°C 50 85 50 85
Pb Total power dissipation Vo =0, Noload mw
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
the HA741C is 0°C to 70°C, the pA741l is —40°C to 85°C, and the pA741M 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, V. cc+ =15V, Tp = 25°C

PA741C HAT741I, JA741IM
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX MIN TYP MAX
tr Rise time V| =20 mv, R =2kQ, 0.3 0.3 ps
Overshoot factor CL =100 pF, See Figure 1 5% 5%
L V) =10V, RL = 2kQ,
SR Slew rate at unity gain C| = 100 pF, See Figure 1 0.5 0.5 V/us
‘Ui TEXAS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



HA741, HAT41Y

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

electrical characteristics at specified free-air temperature, V

otherwise noted)

V, Tp = 25°C (unless

PARAMETER TEST CONDITIONS WATALY UNIT
MIN  TYP MAX
Vio Input offset voltage Vo =0 1 6 mvV
AV|o(adj) Offset voltage adjust range Vo=0 +15 mV
llo Input offset current Vo=0 20 200 nA
B Input bias current Vo=0 80 500 nA
VICR Common-mode input voltage range +12 +13 \%
Vowm Maximum peak output voltage swing RL=10k0 12 -1 \%
RL =2kQ +10 +13

AvD Large-signal differential voltage ampilification R =22kQ 20 200 VimVv
rj Input resistance 0.3 2 MQ
o Output resistance Vo =0, See Note 5 75 Q
Ci Input capacitance 1.4 pF
CMRR Common-mode rejection ratio V|c = Vicrmin 70 90 dB
ksvs Supply voltage sensitivity (AV|o/AVcc) Vcc=+29Vtox15V 30 150 | pviv
los Short-circuit output current £25  +40 mA
Icc Supply current Vo =0, No load 1.7 2.8 mA
PD Total power dissipation Vo =0, No load 50 85| mw

T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified.
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, V. cct =15V, Tp = 25°C

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PAT741Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
tr Rise time V| =20mV, R =2kQ, 0.3 us
Overshoot factor CL =100 pF, See Figure 1 5%
L V| =10V, R =2kQ,
SR Slew rate at unity gain CL =100 pF, See Figure 1 0.5 Vius
‘Ui TEXAS
INSTRUMENTS




HA741, HATA1Y
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

PARAMETER MEASUREMENT INFORMATION

V)
ouT
e —— Y,
INPUT VOLTAGE -
WAVEFDORM
CL =100 pF =< RL =2kQ
TEST CIRCUIT

Figure 1. Rise Time, Overshoot, and Slew Rate

APPLICATION INFORMATION

Figure 2 shows a diagram for an input offset voltage null circuit.

IN+ +

ouT
IN— - OFFSET N2
OFFSET N1

ToVce-

Figure 2. Input Offset Voltage Null Circuit

{'} TeEXAS
INSTRUMENTS
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HA741, HAT41Y
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

TYPICAL CHARACTERISTICS T

INPUT OFFSET CURRENT INPUT BIAS CURRENT
VS VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 T T T 400 T 1
Veer =15V _
ol VCC+ ey Vce+ =15V
cc- 350 [— Vogo_=-15V
< 8ol <
S \ = 300
§ 70 \\ L
3 60 £ 250
3 \ S
= 50 o]
5 \\ S 200 \
5 5
g \ g 150 \
| \ | \
o 30 © N
= \\\ = 100
20 N
10 S~ 50 \\‘;
0 0
—60 —40 —20 0 20 40 60 80 100 120 140 —60-40 —20 O 20 40 60 80 100 120 140
Tp — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
Figure 3 Figure 4

MAXIMUM PEAK OUTPUT VOLTAGE
VS
LOAD RESISTANCE
+14 T ™
Vce+ =15V L~
+13 [ Vecc_=-15V
Tp =25°C

Vowm — Maximum Peak Output Voltage — V
+
©
~

S 01 0.2 04 07 1 2 4 7 10
R| — Load Resistance —k Q

Figure 5

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

Q’ TeXAS
INSTRUMENTS
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HA741, HATA1Y

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

Vom — Maximum Peak Output Voltage — V

TYPICAL CHARACTERISTICS

MAXIMUM PEAK OUTPUT VOLTAGE

VS
FREQUENCY

T T !
Vce+=15V
[~ Vcc-=-15V
R =10kQ

[~ Ta =25°C

Voltage Amplification — V/mV

.

Ay/p— Open-Loop Signal Differential

1k

10k

f— Frequency — Hz

Figure 6

110
100
90
s
= 80
Om
£9 70
0 c
s S 60
5 3
n E 50
sE
3 ;() 40
§ ,_fg; 30
2 2
S
& 10
0
-10

100k 1M

400

200

100

OPEN-LOOP SIGNAL DIFFERENTIAL

VO

LTAGE AMPLIFICATION
'S
SUPPLY VOLTAGE

Vo =10V

" R =2kQ
Ta = 25°C

40

20

10

2 4

6 8 10 12 14 16 18 20

Vcc +— Supply Voltage — V

Figure 7

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

VS
FREQUENCY
mEy| HULRRRLALL
N Vee+ =15V
N\ Vec_=-15V
\ Vo = #10V
\\ RL = 2kQ
\ Tp = 25°C
\\
\
NG L L
N
N,
N\
\\
N\
1 10 100 1k 10k 100k 1M

f— Frequency — Hz

10M

{’? TEXAS
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HA741, HAT41Y
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000

CMRR — Common-Mode Rejection Ratio — dB

100

90

80

70

60

50

40

30

20

10

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
VS VS
FREQUENCY ELAPSED TIME
T Tl 28
Vcec+ =15V
~N Vee-=-15V 7] 24
\ Bg =10 kQ
N Tp = 25°C Il
N\ A 20 o N
\ >
\ = 90%7[
\ | 16 }
g I
(@)
N\ g I
N > I
AN 2 |
N\ 5 8
3 / I
| _
\ A I Veer =15V |
N > Vce-=-15V
o 10% I RL =2kQ
! I CL=100pF
[ ek Ta = 25°C
4 | |
100 10k M 100M 0 0.5 1 1.5 2 25
f— Frequency — Hz t—Time — s
Figure 8 Figure 9
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
8 T T T
Vcec+=15V
6 Vce==-15V
| 7 \ RL=2kQ
CL=100pF |
> 4 / :\ Ta = 25°C
© Vo
g 2 i i
= 1/ |\
2 O f
R E/AREEIA
2 -2 / I
s |
R | \
= l___ \
-6
-8
0 10 20 30 40 50 60 70 80 90

t—Time — us

Figure 10

10
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
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LM741

Operational Amplifier
General Description

The LM741 series are general purpose operational amplifi-
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

August 2000

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Features

Connection Diagrams

Metal Can Package

00934102
Note 1: LM741H is available per JM38510/10101

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

Ceramic Flatpak

NC I:1 ° 10:I NC
+OFFSET NULL I:2 g:I NC
-INPUT I:j LM741W ::I V+
+INPUT C—] [ output
V- I:5 s:I -OFFSET NULL

00934106

Order Number LM741W/883
See NS Package Number W10A

Typical Application

Offset Nulling Circuit

LM741

Dual-In-Line or S.0. Package

-/

OFFSET NULL—]1 8—NC
INVERTING INPUT—] 2 7
NON=INVERTING — 3 6 |—OUTPUT

INPUT
v —4 5 f—OFFSET NULL

00934103

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JOBA, MOSA or NOSE

OUTPUT

00934107

© 2004 National Semiconductor Corporation

DS009341
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LM741

(Note 7)

Supply Voltage
Power Dissipation (Note 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)
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of

Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

LM741A
+22V

500 mW
+30V
+15V

Continuou

S

-55°C to +125°C
-65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741

500 mW

+22V

+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

soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (Note 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Tpo=25C
Rs £ 10 kQ 1.0 | 5.0 20 | 6.0 mV
Rs < 50Q 0.8 3.0 mV
Tamin < Ta < Tamax
Rg < 50Q 4.0 mV
Rg <10 kQ 6.0 7.5 mV
Average Input Offset 15 pv/C
Voltage Drift
Input Offset Voltage Ta =25°C, Vg = £20V =10 +15 +15 mV
Adjustment Range
Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tamin < Ta < Tamax 70 85 | 500 300 nA
Average Input Offset 0.5 nA/°C
Current Drift
Input Bias Current Tp=25C 30 80 80 | 500 80 | 500 nA
Tamin £ Ta < Tamax 0.210 1.5 0.8 pA
Input Resistance Ta=25°C, Vg = 220V 1.0 | 6.0 0.3 | 2.0 03 | 2.0 MQ
Tamin £ Ta < Tamax 0.5 MQ
Vg = £20V
Input Voltage Range Ta=25C +12 | +13 \Y%
Tamin < Ta £ Tamax +12 | +13 Vv

www.national.com




Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Ta=25C, R_.22kQ
Vg = £20V, Vg = +15V 50 V/mV
Vg = £15V, Vg = £10V 50 | 200 20 | 200 V/mV
TAMIN < TA < TAMAX!
R, =2 kQ,
Vg = £20V, Vg = £15V 32 V/mV
Vg = £15V, Vg = £10V 25 15 V/mV
Vg = 5V, Vg = 22V 10 V/mV
Output Voltage Swing Vg = £20V
R_ > 10 kQ 16 \Y
R. =2 kQ +15 Vv
Vg = 15V
R > 10 kQ 12 | =14 12 | =14 \Y
R. =2 kQ +10 | =13 +10 | £13 \Y
Output Short Circuit Tp=25C 10 25 35 25 25 mA
Current Tamin < Ta < Tamax 10 40 mA
Common-Mode Tamin < Ta < Tamax
Rejection Ratio Rg €10 kQ, Ve = =12V 70 | 90 70 | 90 dB
Rg £50Q, Vo = 212V 80 95 dB
Supply Voltage Rejection Tamin £ Ta £ Tapaxs
Ratio Vg = 220V to Vg = x5V
Rs < 50Q 86 96 dB
Rs <10 kQ 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 6) Tpo=25C 0.437| 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/ps
Supply Current Tp=25C 1.7 | 2.8 1.7 | 2.8 mA
Power Consumption Tp=25C
Vg = +20V 80 150 mw
Vg = +15V 50 | 85 50 | 85 mwW
LM741A Vg = £20V
Ta=Tauvin 165 mW
Ta = Tamax 135 mW
LM741 Vg = 15V
Ta=Tauvin 60 | 100 mwW
Ta = Tamax 45 | 75 mwW

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.

www.national.com
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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 Tj max. (listed under “Absolute Maximum
Ratings”). T] =Ta+ (GJA Pp).

Thermal Resistance Cerdip (J) | DIP (N) | HO8 (H) | SO-8 (M)
;s (Junction to Ambient) 100°C/W | 100°C/W | 170°C/W | 195°C/W
0jc (Junction to Case) N/A N/A 25°C/W N/A

Note 4: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for Vg = 15V, -55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these
specifications are limited to 0°C < Tp < +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 kQ in series with 100 pF.

Schematic Diagram

NON=INVERTING 3

INPUT

OFFSET NULL

Q

° ° vt
08 Q9 Q12 5013
Y e { Q14
2 INVERTING
at QZA:I_ INPUT R b
R7 Q15
45K
5 [ T 50 F'—I:
3 P R8 > R9
A NG 75K 2 5
—ANN\N—9¢
I b2 outPuUT
a7 Q15
l\A :: R10
< 50
Q17
\{ I/ Q6 Q10 \| l(
5 »—gn in/i |\°20
5 _OFFSET
NULL
RI SRS SR2 R4 S R12 RIT
1K < 50K 1K 5K < 50K 50
¢ v

00934101
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Physical Dimensions inches (millimeters)

unless otherwise noted

< 0:350-0.370
(3.890—9.398)
DIA 0315-0.335 |
(8.001—8.500)
MAX
0.025
0.165-0.185 | 063 E&C&Jmousn
(4.191-4.699) + |
REFERENCE PLANE /x — Yy SEATING PLANE
288 f AL 0.015—0.040
0.500 (0.889) . .

(0.381—-1.016)

(1270)  MAX
v L
| A
’H* 0.016-0.019 .0

(0.406 —0.483)

0.195-0.205 DIA
(4.953—5.207) P.C.

0.029-0.045 A
(0.737-1.143)

0.028-0.034 0.115-0.145

(2.921-3.683)
DIA

45° EQUALLY
SPACED —>»

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH
NS Package Number HO8C

HO8C (REV E)
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LM741

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

I

0.290
0.320

0.180

950 £ 50 TYp \71:

0.009-0.015

R0.010 TYP

e 0.400 MAX —

[ 1 [ E=1

/)
R0.025 TYP

P

0.220  0.310 MAX
0.291  GLASS
KRB E
0.045
™ " o.065""F

—> [«— 0.005
MIN

GLASS
/ SEALANT

/

0.200 T

=< 0.020

0.060

17
f ) 0.150
! 0.125  MIN

: 0.200

0440
| 900 40 TYP

{0.220—0.381)

0.310 | 0.055 MAX —>| |=—
0.410 BOTH ENDS i i
0.008 Tvp 0.018+0.003 TYP
0.012
— l«<— 0.100£0.010 TYP
Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number JOSA
0.373—0.400
(9.474-10.16)
0.090
- {2.286)
0002 Bl (7] [6] [5] 0.032+0.005 [8 [7]
23 AT (0.813%0.127)
PIN NO. 1 IDENT k®/ ) T RAD
' N (6.35£0.127) PIN NO. 1 IDENT
OPTION 1 e
0.280 Lzl L1
0.280 0.040
7y N 0.030 1.016 TY"—>| |<— OPTION 2
0030, {1.06) 0.039
0.300—0.320 (0.762) —— 0.145-0.200
we-si [T | AET /<— (0.581) (3.683—5.080)
i ¢ o ' 0.130:+0.005 i
L TTIT (3.302£0.127) ¢ )
o5 s |44 e s}
B 0.065 (3.175—3.556)
0% s 0.020
@) 90° +4° (0.508)
DIA TP MIN
0.040 NOM 0.018+0.003
0325 F o >~ (0457 £0.076)
+1.016 0.100+0.010
(”55 —n.aa1) > " (2.54020.254)
0.045+0.015
1.143+0.381
( ) | 0.060
0os0 | {1.524)
(1.270) ' NOBE (REV F)

Dual-In-Line Package (N)
Order Number LM741CN
NS Package Number NOSE

JOBA (REV K)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.080 _,., . < 0.270 MAX~>
0.055 0.050 £ 0.005 ——I |<— — |« 0.005 MIN TYP
0.035 | 1<l TYP
0.026 ol 6
TYP "M T
0.370
0.250
]
0.270 MAX 0.260 .
GLASS 0.238
1 L_ 0.012
e } 0.008
_/ DETAIL A
DETAIL A | 0.370 —_—
0.250
PIN #1
IDENT 1 = 5 W10A (REV E)
0.006 |l '
0.004
TYp 0.019 .o || | 0.045 MAX
0.015 TYP

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883
NS Package Number W10A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, and whose failure to perform when expected to cause the failure of the life support device or
properly used in accordance with instructions for use system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no “Banned
Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86 Support Center Fax: 81-3-5639-7507

Email: new.feedback @nsc.com Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560

English Tel: +44 (0) 870 24 0 2171
www.national.com Francais Tel: +33 (0) 1 41 91 8790
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