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L M 101A /L M 201A /L M 301A  O perational A m plifiers
General Description
The LM 101A series are general purpose operationa l am plifi
ers which feature  im proved perform ance over industry stan
dards like the LM709. A dvanced processing techn iques 
m ake possib le an order o f m agnitude reduction in input cur
rents, and a redesign o f the  b iasing c ircuitry reduces the 
tem perature  drift o f input current. Im proved specifica tions 
include:
■ O ffse t vo ltage 3 mV maxim um  over 

tem perature  (LM 101A /LM 201A )
■ Input current 100 nA maxim um  over 

tem perature  (LM 101A /LM 201A )
■ O ffset current 20 nA maxim um  over 

tem perature  (LM 101A /LM 201A )
■ Guaranteed drift characteris tics
n  O ffsets guaranteed over entire com m on m ode and sup

ply vo ltage ranges
m  S lew  rate o f 10V /jus as a sum m ing am plifier 
This am plifier o ffe rs m any fea tures w hich m ake its app lica
tion nearly foo lp roo f: overload p ro tection  on the  input and

output, no la tch-up when the  com m on m ode range is ex
ceeded, and freedom  from  osc illa tions and com pensation  
w ith  a s ingle 30 pF capacitor. It has advantages ove r in te r
nally com pensated  am plifie rs in tha t the  frequency com pen
sation can be ta ilo red to  the  particu lar app lica tion. For ex
ample, in low  frequency c ircuits it can be overcom pensated  
fo r increased stab ility  m argin. Or the com pensation  can be 
optim ized to  give m ore than a fac to r o f ten im provem ent in 
high frequency perfo rm ance fo r m ost app lica tions.
In addition, the  device provides be tter accuracy and low er 
noise in high im pedance circuitry. The low  input cu rrents 
also m ake it particu larly w ell suited fo r long in terva l in tegra 
to rs  or tim ers, sam ple and hold c ircuits and low  frequency 
w aveform  generators. Further, replacing c ircu its  w here 
m atched trans is to r pairs bu ffer the inputs o f conven tiona l IC 
op amps, it can give low er o ffse t vo ltage and a d rift a t a 
low er cost.
The LM 101A is guaranteed over a tem perature  range o f 
— 55°C to  +125°C , the  LM 201A from  -2 5 ° C  to  +85°C , 
and the  LM 301A from  0°C to  +70°C .

Schematic4’* and Connection Diagrams (Top V iew)
BAL/

BALANCE/___ 1.
COMPENSATION 9 

INPUT —  
,ltnilT 3

COMPENSATION 

V +

OUTPUT

BALANCE
TL/H /7 752-4

M etal Can Package
COMPENSATION

Note: Pin 4 connected to case.
O rder N um ber LM 101AH, 

LM 201A H  or LM 301AH
S ee NS P ackage Num ber H08C

T L /H /7 7 5 2 -2

D ual-ln-L ine Package

COMPENSATION

V+

OUTPUT

BALANCE

T L /H /7 7 5 2 -3
O rder N um ber LM 101AJ, 

LM 301AJ, LM 201AN or LM 301AN  
See NS Package Num ber J08A  or N08A

O rder Num ber LM 101A J-14  
S ee NS P ackage Num ber J14A

**Pin connections shown are for 8-pin packages.
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1A Absolute Maximum Ratings
If M ilitary /A ero sp ace  specified  devices are  required, p lease co n ta c t the  National S em icon ductor Sales O ff ic e /  
D istributors fo r availability  and specifications.

LM 101A /L M 201A LM 301A
Supply Voltage ± 2 2 V ± 18V
D ifferentia l Input V oltage ± 3 0 V ± 3 0 V
Input V o ltage  (N ote  1) ± 1 5 V ± 1 5 V
O utput S hort C ircu it Duration (Note 2) C ontinuous C ontinuous
O perating A m bien t Tem p. Range —55°C to  + 1 25°C (LM 101A) 

—25°C to  +  85°C (LM 201A)
0°C to  +  70°C

T j Max
H -Package 150°C 100°C
N-Package 150°C 100°C
J-Package 150°C 100°C
M -Package

Power D issipation a t T a  =  25°C
H-Package (Still Air) 500 mW 300 mW

(400 L F /M in  A ir Flow) 1200 m W 700 m W
N -Package 900 mW 500 m W
J-Package 1000 m W 650 m W
M -Package

Therm al R esistance (Typical) B \a
H-Package (Still Air) 165°C/W 165°C /W

(400 L F /M in  A ir Flow) 67°C /W 67°C /W
N Package 135°C/W 135°C /W  .
J-Package 110°C/W 110°CmW
M -Package 

(Typical) 0 iC
H -Package 25°C /W 25°C /W

Storage Tem peratu re  R ange —65°C to  + 1 50°C — 65°C to  + 150°C
Lead Tem peratu re  (Soldering, 10 sec.)

M etal Can o r C eram ic 300°C 300°C
Plastic 260°C 260°C

ESD To le rance  (N ote  5) 2000V 2000V

Electrical Characteristics (N ote 3) t a  =  t j

Param eter C onditions LM 101A /LM 201A LM 301A Units
Min Typ M ax Min Typ M ax

Input O ffset Voltage Ta  =  25°C, Rs  ^  50 k f t 0.7 2.0 2.0 7.5 mV

Input O ffset C urrent Ta  =  25°C 1.5 10 3.0 50 nA

Input Bias C urrent Ta  =  25°C 30 75 70 250 nA

Input R esistance Ta  =  25°C 1.5 4.0 0.5 2.0 M n

Supply Current Ta  =  25°C V s =  ± 2 0 V 1.8 3.0 m A

V s =  ± 15V 1.8 3.0 mA

Large Signal Voltage  Gain TA =  25°C ,V S =  ± 15V 
V0 UT *= ± 1 0 V ,R L ^  2 k H

50 160 25 160 V /m  V

Input O ffse t V oltage Rs ^  50 kH 3.0 10 mV

Average Tem peratu re  C oeffic ien t 
of Input O ffset V o ltage

Rs  £  50 k f t 3.0 15 6.0 30 JLlV/°C

Input O ffse t C urrent 20 70 nA

Average Tem peratu re  C oeffic ien t 
of Input O ffset C urrent

25°C £  T a  ^  T m a x  
T m in  ^  T a  ^  25°C

0.01 0.1 0.01 0.3 nA/°C

0.02 0.2 0.02 0.6 nA/°C
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Electrical Characteristics (Note 3) t a  =  t j  (con tinued )

Param eter C onditions LM 101A /LM 201A LM 301A Units
Min Typ M ax Min Typ M ax

Input Bias C urrent 0.1 0.3 juA

Supply Current Ta  =  T MAX.V S =  ± 2 0 V 1.2 2.5 mA

Large Signal V oltage Gain V s =  ± 15V, V q u j  =  ± 10V  
R u ^  2k

25 15 V /m V

O utput Voltage Swing V s  =  + 1 5 V r l  =  10 k n ± 1 2 ± 1 4 ± 1 2 ± 1 4 V

R L =  2 k i l ± 1 0 ± 13 ± 1 0 ± 13 V

Input V oltage Range Vs  =  ± 20V ± 1 5 V

VS =  ± 15V ± 15, - 1 3 ± 1 2 +  15, - 1 3 V

Com m on-M ode R ejection Ratio R s ^  50 k n 80 96 70 90 dB

Supply Voltage R ejection Ratio R s ^  50 k n 80 96 70 96 dB
Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage.
Note 2: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101A/LM201A, and 70°C and 55°C 
respectively for LM301A.
Note 3: Unless otherwise specified, these specifications apply for C1 =  30 pF, ±5V £  Vs ^ ±20Vand -55 °C  ^  TA ^ +  125°C (LM101A), ±5V £ Vs ^ ±20V  
and — 25°C <; TA £ +85°C (LM201A), ±5V £ Vs <; ±15V and 0°C <; TA £  +70°C (LM301A).
Note 4: Refer to RETS101AX for LM101A military specifications.
Note 5: Human body model, 100 pF discharged through 1.5 kft.

Guaranteed Performance Characteristics lmioia/lm2oia

Input V o ltage R ange O utput Swing

SUPPLY VOLTAGE C±V)

Guaranteed Performance Characteristics lm3oia

Input V o ltage Range

5 10 IS
SUPPLY VOLTAGE (± V)

O utput Swing

5 10 15
SUPPLY VOLTAGE (±V)

V oltage Gain

SUPPLY VOLTAGE (±V)

T L /H /7 7 5 2 -5

V o ltage Gain

5 10 15
SUPPLY VOLTAGE (±V)

T L /H /7 7 5 2 -6
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1A Typical Performance Characteristics

Supply C urrent

S 10 16 20
SUPPLY VOLTAGE (±V)

V oltage Gain

SUPPLY VOLTAGE (±V)

600

-  500 

1  400 

|  300

s  200

0

Input C urrent, 
L M 1 01 A /L M 2 0 1A /L M 3 0 1A

-SO 0 SO 100 150 200

TEMPERATURE (°C)

C urrent Lim iting

0 S 10 15 20 25 30
OUTPUT CURRENT (UnA)

C om m on M ode R ejection

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

C losed Loop O utput

M axim um  P ow er Dissipation

25 45 65 85 105 125
AMBIENT TEMPERATURE (°C)

Input Noise V oltage

10 100 1K 10K 100K

FREQUENCY (Hz)

Pow er Supply R ejection

10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

T L /H /7 752-7
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Typical Performance Characteristics for Various Compensation Circuits**
Single Pole Com pensation T w o  Pole Com pensation F eed forw ard  C om pensation
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R esponse

0 10 20 30 40 50 60 70 >0 
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FREQUENCY (Hz)
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Large Signal Frequency  
Response

10k 100k 1M
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T L /H /7 7 5 2 -1 4
V oltage Fo llow er Pulse 
R esponse
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o
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TIME lu i)

T L /H /7 7 5 2 -1 5

O pen Loop Frequency  
Response

225

110
3135 R

- i

10 100 Ik  10k 1C0k 1M 1073 1CSM 

FREQUENCY (Hz)

T L /H /7 7 5 2 -1 7
Large Signal F requency  
Response

10M
FREQUENCY (Hz)

T L /H /7 7 5 2 -1 8

Inverter Pulse Response

0 1 2 3 4 5 6 7 8  
TIME (ms)

T L /H /7 7 5 2 -1 9

*Pin connections shown are for 8-pin packages.
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1A Typical Applications4’*
Variable C apacitance M ultiplier S im ulated Inductor

R1 R2

Fast Inverting A m plifier 
w ith  High Input Im pedance

Inverting A m plifier 
w ith  Balancing C ircuit

Cl R1 R2

Sine W ave O scillator In teg ra to r w ith  Bias C urrent 
C om pensation

•Adjust for zero integrator drift. Current drift typically 
0.1 nA/#C over -55 °C  to +  125°C temperature range.

••Pin connections shown are for 8-pin packages.
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Application Hints* *
P rotecting Against G ross  

Fault Conditions
C om pensating fo r S tray  Input C apacitances  

or Large Feedback R esistor 
C2

OUTPUT

R1 Cs

TL/H/7752-27

Isolating Large C apacitive Loads

A lthough the  LM 101A is designed fo r troub le  free  operation, 
experience has indicated tha t it is w ise to  observe certa in  
p recautions given below  to  p ro tect the  devices from  abnor
mal operating conditions. It m ight be pointed ou t tha t the 
advice g iven here is app licab le  to  p ractica lly  any IC op amp, 
a lthough the  exact reason w hy may d iffe r w ith d iffe ren t de
vices.
W hen driving e ither input from  a low -im pedance source, a 
lim iting resistor should be p laced in series w ith  the  input 
lead to  lim it the  peak instantaneous ou tpu t cu rrent o f the 
source  to  som eth ing less than 100 mA. This is especia lly  
im portan t when the  inputs go outside a p iece o f equ ipm ent 
w here they could acc iden ta lly  be connected  to  high vo ltage  
sources. Large capacito rs on the input (greater than 0.1 jaF) 
should be trea ted  as a low  source im pedance and iso lated 
w ith  a resistor. Low im pedance sources do not cause a 
prob lem  un less the ir output vo ltage exceeds the supp ly vo lt
age. How ever, the  supplies go to  zero  w hen they are turned 
off, so the  iso la tion is usually needed.
The ou tpu t circu itry is p ro tected aga inst dam age from  shorts 
to  ground. However, w hen the  am plifie r ou tpu t is connected  
to  a te s t point, it should be isolated by a lim iting resistor, as 
te s t po in ts frequently  get shorted to  bad p laces. Further, 
w hen the  am plife r drives a load external to  the  equipm ent, it 
is a lso  advisab le  to  use som e sort o f lim iting resistance  to  
preclude m ishaps. **

Precautions should be taken  to  insure tha t the  pow er sup
plies fo r the integrated c ircu it never becom e reversed—  
even under transient cond itions. W ith reverse vo ltages 
greater than 1V, the IC w ill conduct excessive current, fus
ing internal alum inum  in te rconnects . If there  is a poss ib ility  
o f th is  happening, c lam p d iodes w ith  a high peak current 
rating should be insta lled on the  supp ly lines. R eversal o f 
the vo ltage  between V +  and V ~  w ill a lways cause a p rob 
lem, a lthough reversa ls w ith  respect to  ground m ay also 
give d ifficu lties in m any circuits.
The m inim um  va lues g iven fo r the  frequency com pensation  
capacito r are stab le  on ly fo r source resistances less than 
10 k ft,  s tray capacitances on the  sum m ing junc tion  less 
than 5 pF and capacitive  loads sm a lle r than 100 pF. If any 
o f these  cond itions are no t met, it becom es necessary to  
overcom pensate  the  am plifie r w ith a larger com pensation  
capacitor. A lternate ly, lead capacito rs  can be used in the  
feedback netw ork to  negate  the  e ffe c t o f stray capacitance  
and large feedback resisto rs o r an RC network can be add 
ed to  iso late capacitive  loads.
A lthough the  LM 101A is re lative ly una ffected  by supp ly by
passing, th is  cannot be ignored a ltogether. G enera lly  it is 
necessary to  bypass the  supp lies to  ground a t least once  on 
every c ircuit card, and m ore bypass points may be required 
if m ore than five am plifie rs are used. W hen feed-forw ard  
com pensation is em ployed, however, it is advisab le  to  by
pass the  supp ly leads o f each  am plifie r w ith low  inductance  
capacito rs because o f the  h igher frequencies involved.

**Pin connections shown are for 8-pin packages.
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Standard  C om pensation and

O ffs e t Balancing C ircuit Fast Sum m ing A m plifier

Typical A p p lica tions** (continued)

Fast V o ltage Fo llow er Bilateral C urrent S ource

Fast A C /D C  C onverte r*

R6 C2
20K lOjuF

**Pin connections shown are for 8-pin packages.
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Typica l Applications** (continued)

Instrum entation A m plifier

In tegra to r w ith  Bias C urrent Com pensation V oltage C om parator fo r  Driving RTL Logic or 
High C urrent D river

T L /H /7 752-37

**Pin connections shown are for 8-pin packages.
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1A Typical A pp lications** (continued)
Low  D rift Sam ple and Hold V o ltage C om parato r fo r  Driving

Q1 D TL o r T T L  In tegrated  C ircuits

**Pin connections shown are for 8-pin packages. TL /H /7 752-38
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