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LF412A/LF412 Low Offset, Low Drift 
Dual JFET Input Operational Amplifier
General Description
These devices are low  cost, high speed, JFET input opera­
tional am plifie rs w ith very low input o ffse t vo ltage and guar­
anteed input o ffse t vo ltage  drift. They require low  supply 
current ye t m ainta in a large gain bandw idth  p roduct and fast 
s lew  rate. In addition, w e ll m atched high vo ltage  JFET input 
devices provide very low  input bias and o ffse t currents. 
LF412 dual is pin com patib le  w ith  the  LM1558, allow ing de­
signers to  im m edia te ly upgrade the overall perform ance o f 
existing designs.
These am plifie rs m ay be used in app lica tions such as high 
speed integrators, fa s t D /A  converters, sam ple and hold 
c ircuits and many o ther c ircu its requiring low input o ffse t 
vo ltage  and drift, low  input b ias current, high input im ped­
ance, high slew  rate and w ide bandw idth.

Features
In ternally trim m ed o ffse t vo ltage 1 mV (max)
Input o ffse t vo ltage  drift 10 juV/°C (max)
Low input b ias current 50 pA
Low input noise current 0.01 pA/VFlz
W ide gain bandw idth 3 M Hz (m in)
High slew  rate 10V /jus (m in)
Low supply current 1.8 m A /A m p lifie r
High input im pedance 1012a
Low to ta l harm onic d is tortion A v = 1 0 , ^ 0 .0 2 %
RL = 1 0 k , Vo  =  20 Vp-p, BW =  20 Hz-20 kHz
Low 1 / f  noise corner 50 Hz
Fast settling  tim e to  0.01 % 2 fxs

Typical Connection
Bf

Simplified Schematic

Ordering Information Connection Diagrams
LF412XY Z

X ind icates e lectrica l grade 
Y ind icates tem pera tu re  range 

“ M ”  fo r m ilitary 
“ C ”  fo r com m ercia l 

Z ind icates package type 
“ H ”  or “ N ”

M etal Can Package
\l*

Note. Pin 4 connected to case. 
TOP VIEW

1 /2  Dual O rder Num ber LF412AM H, 
LF412M H, LF412ACH or LF412CH  

See NS Package Num ber H08B
D ual-ln-Line Package

v+

OUTPUTB

INVERTING INPUT B

NON-INVERTING 
INPUT B

TOP VIEW

TL/H/5656-1
O rder N um ber LF412A C J, LF412CJ, 

LF412ACN or LF412CN  
See NS P ackage Num ber J08A  or N08E
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Absolute Maximum Ratings
If M ilitary /A ero sp ace  specified  devices  are  required, p lease c on tac t th e  N ational Sem iconductor S ales O ff ic e /  
Distributors fo r availability  and specifications.
(N o te  9)

Supply V oltage 
D ifferentia l Input V oltage 
Input vo ltage Range 

(N ote  1)
O utpu t S hort C ircuit 

Duration (Note 2)

LF412A LF412 H Package N P ackage
± 2 2 V ± 1 8 V Power D issipation (N ote  10) (N ote  3) 670 m W
± 3 8 V ± 3 0 V Tj max 150°C 115°C

0jA (Typical) 152°C /W 115°C /W
+  19V ± 15V O perating Tem p. R ange (N ote 4) (N ote  4)

S torage Tem p. -6 5 ° C < ;T a ^ 1 5 0 oC--6 5 ° C ^ T a ^ 1 5
C ontinuous C ontinuous Range

Lead Tem p.
(Soldering, 10 sec.) 260°C 260°C

ESD rating to  be determ ined.

DC Electrical Characteristics (Notes)

Sym bol Param eter C onditions
LF412A LF412

Units
Min Typ M ax Min T y p M ax

v o s Input O ffse t Voltage Rs  =  10 k f t ,  Ta  =  25°C 0.5 1.0 1.0 3.0 m V

AV q s /A T Average TC o f Input 
O ffse t Voltage

Rs = 1 0 k f t  (N ote 6) 7 10 7 20
(N ote  6) ju,V/°C

>OS Input O ffse t Current Vs =  + 1 5 V  
(N otes 5 and 7)

Tj =  25°C 25 100 25 100 pA

Tj =  70°C 2 2 nA

T j= 1 2 5 °C 25 25 nA

>B Input B ias C urrent V s =  + 1 5 V  
(N otes 5 and 7)

Tj =  25°C 50 200 50 200 pA

Tj =  70°C 4 4 nA

T j=  125°C 50 50 nA

R in Input Resistance Tj =  25°C 1012 1012 a

A v o l Large Signal V oltage 
Gain

V S = ± 1 5 V ,  V o = ± 1 0 V , 
R L = 2 k ,T A =  25°C 50 200 25 200 V /m V

O ver Tem perature 25 200 15 200 V /m V

Vo O utput Voltage  Swing VS = ± 1 5 V ,  RL = 1 0 k ± 1 2 ± 1 3 .5 ± 1 2 ± 1 3 .5 V

VcM Input C om m on-M ode 
V oltage Range

± 1 6 +  19.5 ±11 +  14.5 V

-1 6 .5 -1 1 .5 V

CMRR Com m on-M ode 
Rejection Ratio

Rs ^ 1 0 k 80 100 70 100 dB

PSRR Supply Voltage 
R ejection Ratio

(N ote  8) 80 100 70 100 dB

•s Supply C urrent V0  =  0V, R|_ =  oo 3.6 5.6 3.6 6.5 m A

AC Electrical Characteristics (Notes)
Sym bol P aram eter C onditions LF412A LF412 Units

Min Typ M ax Min Typ M ax
A m plifie r to  A m plifie r 
Coupling

T a = 25°C, f  =  1 Hz-20 kHz 
(Input Referred) - 1 2 0 - 1 2 0 dB

SR S lew  Rate V S = ± 1 5 V ,T A =  25°C 10 15 8 15 V /ja s
GBW G ain-Bandw idth P roduct V s = ± 1 5 V ,T a  =  25°C 3 4 2.7 4 M Hz

e n Equiva lent Input Noise 
V oltage

T a = 25°C, R s = io o n ,  
f= 1  kHz 25 25 nVA/Hz

•n Equivalent Input Noise 
C urrent

TA = 2 5 ° C ,f= 1  kHz 0.01 0.01 p A /V fiz
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Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 2: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded.
Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 9 .̂

Note 4: These devices are available in both the commercial temperature range 0°C^Ta ^ 70°C and the military temperature range - 5 5 9C ^ T a ^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C" indicates the commercial temperature range and an "M" 
indicates the military temperature range. The military temperature range is available in "H” package only. In all cases the maximum operating temperature is limited 
by internal junction temperature Tj max.
Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vs =  ± 20V for the LF412A and for Vs =  ± 15V for the LF412. 
Vos. >B> ar>d los are measured at Vc m ^O.
Note 6: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this 
specification.
Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. T j=TA +0jA  Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum.
Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice.
Vs =  ± 6 V to  ±15V.
Note 9: Refer to RETS412AX for LF412AMH military specifications and to RETS412X for LF412MH military specifications.
Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits.

Typical Performance Characteristics

1
zUJcecc=>o
<CO

Input Bias C urrent
Vs =  ±15V
Ta =; 25° IC

- 1 0  - 5  0 5 10
COMMON-MODE VOLTAGE (V)

- 5 0  - 2 5  0 25 50 75 100 125
TEMPERATURE (°C)

0 5 10 15 20 25
SUPPLY VOLTAGE (± V )

Positive C om m on-M ode

0 5 10 15 20 25
POSITIVE SUPPLY 

VOLTAGE (V)

N egative  C om m on-M ode

0 - 5  - 1 0  - 1 5  - 2 0  - 2 5
NEGATIVE SUPPLY 

VOLTAGE (V)

0 10 20 30 40
OUTPUT SOURCE CURRENT (mA)

N egative  C urrent Lim it

0 10 20 30 40
OUTPUT SINK CURRENT (mA)

0 5 10 15 20 25
SUPPLY VOLTAGE (± V )

0.1 1 10 
Rl-OUTPUT LOAD (kit)

TL/H/5656-2
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Typical Performance Characteristics (Continued)

Gain Bandw idth
VS= ± 1 5 V  

RL =  2k
C|.= 1 0 I0 pF

- 5 0  - 2 5  0 25 50 75 100 125
TEMPERATURE (°C)

D istortion vs Frequency

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

U ndistorted  Output Vo ltage  
Swing

FREQUENCY(Hz)

160

140

“  120
I  -  100
fe z  M
g  <
^ «  60 

o  40

20 

0

C om m on-M ode R ejection  
R atio

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

GO «=

P ow er Supply R ejection  
Ratio

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

70

60
CO
i f 50

=j
|  %

40

t r  u j Z CD 30
id  ^
5  fe
5  > 20

UJ 10

0

O pen Loop V o ltage Gain

5 10 15 20
SUPPLY VOLTAGE (± V )

O utput Im pedance

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

- 1 0

S lew  R ate

vs = ±15V
R|_ =  2 k ---------------------------------------
Ay =  1______ | _ 1 _ 1 ________

50 - 2 5  0 25 50 75 100 125
TEMPERATURE (°C)

O pen Loop Frequency  
Response

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

Equivalent Input Noise  
V oltage

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

In verter S ettling T im e

0.1 1 10 
SETTLING TIME (//S)

TL/H/5656-3
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Pulse Response RL= 2 k n , c L= i o PF

Small Signal Inverting

TIME (0 .2 /zs /D IV )

Large Signal Inverting

TIME (2 ^ s /D IV )

Small Signal N on-Inverting

TIME (0 .2  /xS/DIV)

Large Signal N on-Inverting

TIME (2 p & f  DIV)

Application Hints
The LF412 series o f JFET input dual op am ps are in terna lly 
trim m ed (BI-FET I|t m ) providing very low  input o ffse t vo lt­
ages and guaranteed input o ffse t vo ltage  drift. These  JFETs 
have large reverse breakdow n vo ltages from  gate  to  source 
and dra in  e lim inating the  need fo r c lam ps across the  inputs. 
Therefore , large d iffe rentia l input vo ltages can easily be ac­
com m odated  w ithou t a large increase in input current. The 
m axim um  d iffe rentia l input vo ltage  is independent o f the 
supp ly vo ltages. However, ne ither o f the  inpu t vo ltages 
should  be a llow ed to  exceed the  negative supp ly as th is w ill 
cause large currents to  flow  w hich can resu lt in a destroyed 
unit.
Exceeding the  negative com m on-m ode lim it on e ither input 
w ill cause a reversal o f the  phase to  the  ou tpu t and fo rce  
the  am plifie r ou tpu t to  the  corresponding high o r low  state.

Exceeding the negative com m on-m ode lim it on both  inputs 
w ill fo rce  the  am plifie r ou tpu t to  a high state. In ne ither case 
does a latch occur since raising the  input back w ith in  the  
com m on-m ode range again puts the  input stage and thus 
the am plifie r in a norm al operating mode.
Exceeding the positive  com m on-m ode lim it on a s ingle input 
w ill no t change the  phase o f the  output, however, if bo th  
inputs exceed the  lim it, the  output o f the am plifie r m ay be 
fo rced  to  a high state.
The am plifie rs w ill opera te  w ith  a com m on-m ode input vo lt­
age equal to  the  positive  supply; however, the  gain band­
w idth and slew  rate m ay be decreased in th is cond ition . 
W hen the  negative  com m on-m ode vo ltage sw ings to  w ith in 
3V o f the negative supply, an increase in input o ffse t vo ltage  
may occur.
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Application Hints (Continued)
Each am plifie r is individually b iased by a zener re fe rence  
which a llow s norm al circu it operation on ± 6.0V pow er sup­
plies. Supply vo ltages less than these may resu lt in low er 
gain bandw idth  and s lew  rate.
The am plifie rs w ill drive a 2 k f l  load resistance to  ± 1 0 V  
over the  fu ll tem pera tu re  range. If the am plifie r is fo rced  to  
drive heavier load currents, however, an increase in input 
o ffse t vo ltage  m ay occu r on the negative vo ltage  sw ing and 
fina lly  reach an active  current lim it on both  positive  and neg­
ative swings.
Precautions shou ld  be taken to  ensure tha t the  pow er sup­
ply fo r the  in tegrated c ircu it never becom es reversed in po­
larity o r th a t the  unit is not inadvertently insta lled backw ards 
in a socke t as an unlim ited current surge through the  resu lt­
ing forw ard d iode w ith in  the  IC could cause fusing o f the  
internal conducto rs  and resu lt in a destroyed unit.
Because these  am plifie rs are JFET ra ther than M O SFET 
input op am ps they do no t require special handling.

A s w ith  m ost am plifiers, care  shou ld  be taken  w ith lead 
dress, com ponent p lacem ent and supp ly decoupling in o r­
de r to  ensure stability. For exam ple, resistors from  the ou t­
put to  an input should be p laced w ith  the  body c lose  to  the 
input to  m inim ize “ p ick-up”  and m axim ize the  frequency o f 
the  feedback po le  by m inim izing the  capacitance  from  the 
input to  ground.
A feedback po le  is created w hen the  feedback around any 
am plifie r is resistive. The paralle l resistance  and capaci­
tance  from  the  input o f the device (usually the  inverting in­
put) to  AC  ground set the  frequency o f the  pole. In many 
instances the  frequency o f th is  po le  is much greater than 
the  expected 3 dB frequency o f the  c losed loop gain and 
consequently there  is neglig ib le e ffe c t on stab ility  margin. 
However, if the  feedback po le  is less than approxim ate ly 6 
tim es the  expected 3 dB frequency a lead capacito r should 
be p laced from  the  ou tpu t to  the  input o f the  op amp. The 
value o f the  added capacito r shou ld  be such tha t the RC 
tim e constan t o f th is capacito r and the  resistance it para lle ls 
is greater than o r equal to  the  original feedback po le  tim e 
constant.
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Typical Application
S in g le  S u p p ly  S am p le  and  H o ld

Detailed Schematic

TL/H/5656-9
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