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LM194/LM394 Supermatch Pair
G eneral Description
The LM 194 and LM 394 are junc tion  iso la ted u ltra well- 
m atched m onolith ic NPN trans is to r pairs w ith  an o rde r o f 
m agnitude im provem ent in m atching over conventiona l tra n ­
s is to r pairs. Th is was accom plished by advanced linear p ro ­
cessing and a unique new device structure.
E lectrica l characteris tics o f these  devices such as d rift ve r­
sus initia l o ffse t vo ltage, noise, and the  exponentia l re la tion­
ship o f base-em itter vo ltage  to  co lle c to r cu rrent c lose ly ap­
proach those  o f a theore tica l transistor. Extrinsic em itter 
and base resistances are m uch low er than p resently ava il­
able pairs, e ither m onolith ic o r d iscre te , giv ing extrem ely low  
noise and theore tica l operation ove r a w ide current range. 
M ost param eters are guaranteed over a current range of 
1 juA to  1 m A and OV up to  40V  co llec to r-base  vo ltage, 
ensuring superior perform ance in nearly all app lica tions.
To  guarantee long term  stab ility  o f m atch ing param eters, 
in terna l c lam p d iodes have been added across the em itter- 
base junction  o f each transistor. These  p reven t degradation 
due to  reverse biased em itte r cu rrent— the m ost com m on 
cause o f fie ld  fa ilures in m atched devices. The  parasitic iso­
la tion junc tion  form ed by the  d iodes a lso c lam ps the  sub­
strate  region to  the m ost negative em itte r to  ensure com ­
p le te  iso la tion between devices.
The  LM 194 and LM 394 w ill provide a considerab le  im prove­
m ent in perform ance in m ost app lica tions requiring a c lose ly

m atched trans is to r pair. In m any cases, trim m ing can be 
e lim inated entirely, im proving re liability and decreasing 
costs. Add itiona lly, the  low  noise and high gain m ake th is 
device a ttractive  even w here m atching is not critica l.
The LM 194 and L M 3 9 4 /L M 3 9 4 B /L M 3 9 4C  are ava ilab le  in 
an iso lated header 6-lead TO-5 m etal can package. The 
L M 3 9 4 /L M 3 9 4 B /L M 3 9 4C  are available in an 8-pin p lastic 
dual-in-line package. The  LM 394C is also ava ilab le  in a 8 
pin p lastic dual-in-line package. The LM 194 is identica l to  
the  LM 394 except fo r tigh te r e lectrica l spec ifica tions and 
w ider tem pera tu re  range.

Features
■ E m itter-base vo ltage  m atched to 50 jliV
■ O ffset vo ltage  d rift less than 0.1 jaV/°C
■ Current gain (hpE) m atched to  2%
■ C om m on-m ode re jection ra tio  greater than 120 dB
■ Param eters guaranteed over 1 juA to  1 m A co lle c to r 

current
■ Extrem ely low  noise
■ S uperior logging charac teris tics  com pared to  

conventiona l pairs
■ Plug-in rep lacem ent fo r presently ava ilab le  devices

Typica l Applications
Low  C ost A ccurate  Square R oot C ircuit 

■0UT= 10-5. / jo v iS
Low  C ost A ccurate  Squaring C ircuit 

l0 UT=  10~6 (V,N)2

30 pF INPUT  
0 <  V )N < + 1 0 V

30 pF REGULATED

TL/H/9241-2

’‘ Trim for full scale accuracy
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Absolute Maxim um  Ratings
If M ilitary /A ero sp ace  specified  devices are required, Base-Em itter Current ± 1 0  mA
contact the N ational S em iconductor Sales O ffic e / Pow er D issipation 500 mW
Distributors fo r  availability and specifications.
SKIntA A \ Junction  Tem perature

LM 194 — 55°C to  + 125°C
C ollecto r Current 20 mA L M 3 9 4 /L M 3 9 4 B /L M 3 9 4C — 25°C to  +8 5 °C
C ollecto r-E m itte r V oltage V m a x Storage Tem perature  Range — 65°C to  + 150°C
C ollecto r-E m itte r V oltage 40V S oldering Inform ation

LM394C 20V M etal Can Package (10 sec.) 260°C
C ollector-B ase Voltage 40V Dual-In-Line Package (10 sec.) 260°C

LM394C 20V Sm all O utline Package
C o llecto r-S ubstra te  Voltage 40V Vapor Phase (60 sec.) 215°C

LM394C 20V Infrared (15 sec.) 220°C
C o llecto r-C o llecto r Voltage 40V See AN -450 “ Surface M ounting and the ir E ffec ts on Prod-

LM394C 20V uct R eliability” fo r o ther m ethods o f so ldering :surface
m ount devices.

Electrical C haracteris tics (Tj =  25°q
Param eter C onditions

LM 19 4 LM 394 L M 3 9 4 B / 3 9 4 C
Units

Min Typ M ax Min Typ M ax Min Typ M ax

Current Gain (hpE) V c b  = 0V to  V MAx (N ote 1) 
lc  =  1 mA 500 700 300 700 225 500
lc =  100 juA 400 550 250 550 200 400
lc  = 10 juA 300 450 200 450 150 300
lc  = 1 ju-A 200 300 150 300 100 200

Current Gain M atch, V c b  = o v  to  v MAx
(hpE M atch) lc  = 1 o juA to  1 mA 0.5 2 0.5 4 1.0 5 %
_  100 [A Ib] [hpE(MIN)] 

•c
lc  =  1 m-A 1.0 1.0 2.0 %

E m itter-Base O ffse t V qb  =  o 25 50 25 150 50 m VVoltage lc  =  1 juA to  1 mA 200

Change in E m itter-Base (N ote 1)
O ffse t V oltage vs 
C ollecto r-B ase  V oltage 
(CMRR)

lc  = 1 juA to  1 mA, 
V c b  = o v  to  V m ax

10 25 10 50 10 100 p V

Change in Em itter-Base 
O ffset V oltage vs 
C o llecto r C urrent

v c b  = ov,
lc  =  1 juA to  0.3 mA

5 25 5 50 5 50 J*v

E m itter-Base O ffse t 
Voltage Tem peratu re

lC =  10 jxA to  1 mA (N ote 2) 
■ci = <C2

0.08 0.3 0.08 1.0 0.2 1.5 juV/°C

Drift V o s  Trim m ed to  0 a t 25°C 0.03 0.1 0.03 0.3 0.03 0.5 i x v r c

Logging C onform ity lc  = 3 nA to  300 juA, 
VCb =  0, (Note 3)

150 150 150 mV

C ollector-Base Leakage V c b  = V m a x 0.05 0.25 0.05 0.5 0.05 0.5 nA

C ollecto r-C o llecto r
Leakage

V c c  = V m a x 0.1 2.0 0.1 5.0 0.1 5.0 nA

Input V oltage N oise lc  = 100/xA , vCB = 0V,
f = 100 Hz to  100 kHz 1.8 1.8 1.8 nV/VHz

C ollector to  E m itter lc  =  1 mA, lB =  10 jaA 0.2 0.2 0.2 V
Saturation V oltage lc  =  1 mA, lB =  100 jllA 0.1 0.1 0.1 V

Note 1: Collector-base voltage is swept from 0 to V m ax  at a collector current of 1 /xA, 10 juA, 100 jaA, and 1 mA.

Note 2: Offset voltage drift with V q s  = 0 at Ta  = 25°C is valid only when the ratio of Iqi to Iq2 is adjusted to give the initial zero offset. This ratio must be held to
within 0.003% over the entire temperature range. Measurements taken at +25°C and temperature extremes.
Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base-emitter voltage deviation.
Note 4: Refer to RETS194X drawing of military LM194H version for specifications.
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Typical Applications (Continued)

Fast, A ccurate  Logging A m plifier, V in  =  10V to  0.1 m V or I|n =  1 m A to  10 nA

V o ltage C ontro lled  Variable  Gain A m plifier
+15V V +

*R8-R10 and D2 provide a temperature Distortion < 0.1 % 
independent gain control. Bandwidth > 1 MHz
G = -3 3 6  V1 (dB) 100 dB gain range
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Precision Low  D rift O perational A m plifier

Typical Applications (Continued)

Common-mode range 10V 

'BIAS 25 nA 
lo s  0-5 nA
V os  (untrimmed) 125 p.V
(AVo s /AT) 0.2 julV /C
CM RR 120 dB

Av o l  2,500,000
C 200 pF for unity gain
C  30 pF for A y  10

C 5 pF for Ay 100
C  0 pF for A v  1000 TL/H/9241 -5

High A ccuracy O ne Q uadrant M u ltip lie r/D iv ider
R5
50k1%

V qljt  = y -; positive inputs only.

T yp ica l linearity 0.1 %

TL/H/9241-6
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Typical Applications (Continued)

High Perform ance Instrum entation  A m plifier

G =  10,000 G =  1,000 G =  100 G =  10
Linearity of Gain (±  10V Output) £0.01 £0.01 £0.02 £0.05 %
Common-Mode Rejection Ratio (60 Hz) > 12 0 >120 >110 >90 dB
Common-Mode Rejection Ratio (1 kHz) 
Power Supply Rejection Ratio

>110 >110 >90 >70 dB

+  Supply >110 >110 >110 >110 dB
-S u p p ly >110 >110 >90 >70 dB

Bandwidth ( - 3  dB) 50 50 50 50 kHz
Slew Rate 0.3 0.3 0.3 0.3 V /jllS
Offset Voltage Drift** £0.25 £0.4 2 £10 juV/°C
Common-Mode Input Resistance >109 >109 >109 >109 ft
Differential Input Resistance > 3 x 1 0 8 > 3 x 1 0 8 > 3 x 1Q 8 > 3 x 1Q8 ft
Input Referred Noise (100 Hz £  f £  10 kHz) 5 6 12 70

nV
a/Hz

Input Bias Current 75 75 75 75 nA
Input Offset Current 1.5 1.5 1.5 1.5 nA
Common-Mode Range ±11 ±11 ±11 ±10 V
Output Swing (Rl = 1 0  k ft)
*‘ Assumes £ 5 ppm/°C tracking of resistors

±13 ±13 ±13 ±13 V

TL/H/9241-7
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Typical P erform ance C haracteris tics

Small S ignal C urrent Gain vs
moo C ollector C urrent
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0.001 0.01 0.1 1 10 
lc -  COLLECTOR CURRENT (mA) T, -  JUNCTION TEMPERATURE CC)

Unity Gain F requency (ft) vs

0.001 0.01 0.1 1 10 
lc -  COLLECTOR CURRENT (mA)

O ffset V o ltage D rift vs Initial

-200  -100  0 100 200 

IN ITIAL OFFSET VOLTAGE (mV)

B ase-Em itter On V o ltage vs

0.001 0.01 0.1 1 10 

lc -  COLLECTOR CURRENT (mA)

Small S ignal Input 
R esistance (hje)

0.001 0.01 0.1 1 10 
lc -  COLLECTOR CURRENT (mA)

C ollecto r-E m itter  
Saturation V o ltage

0.001 0.01 0.1 1 10

lc -  COLLECTOR CURRENT (mA) lc -  COLLECTOR CURRENT (mA)

Input V o ltage N oise vs  
Frequency

0.01 0.1 1 10 100 

f -  FREQUENCY (kHz)

Base C urrent Noise  
vs Frequency

Noise Figure vs

0.001  0.01 0.1 1

C ollector to  C o llecto r  
C apacitance vs R everse  
Bias V o ltage

0 10 20 30 40 50

f -  FREQUENCY (kHz) lc -  COLLECTOR CURRENT (mA) COLLECTOR TO COLLECTOR VOLTAGE (V)

TL/H/9241-8
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Typical Performance Characteristics (Continued)

C ollector to  C ollector C apacitance  
vs C ollector-Substrate  V o ltage

0 10 20 30 40 50

COLLECTOR TO SUBSTRATE VOLTAGE (V)

E m itter-B ase Capacitance vs  
R everse  Bias Vo ltage

0 0.1 0.2 0.3 0.4 0.5 0.6

REVERSE BIAS VOLTAGE (V)

C ollector-B ase C apacitance vs  
R everse  Bias V o ltage

0 10 20 30 40 50

REVERSE BIAS VOLTAGE (Vc8)

C ollector-B ase Leakage vs

25 50 75 100 125

Tj -  JUNCTION TEMPERATURE (°C)

C ollector to  C o llector Leakage

25 50 75 100 125

Tj -  JUNCTION TEMPERATURE (°C)

O ffs e t Vo ltage Long Term  
S tability  at High Tem peratu re

I— I— I
T , = 125 "1 

lc = 60,jA 
_  =/in\/

0 200 400 600 800 1000

TIME (HRS)

E m itter-B ase Log C onform ity TL/H/9241-9

TL/H/9241 -10

Low  Frequency N oise o f D ifferentia l Pair*

VCE =:1V , I
-------- i
C =  11

i-------- 1
) 0 / jA , Rs =

■— f 
= 1001l

... A a|lllf
x *X : -BW =  0 -1 0  Hz 

t  =  1 SEC/DIV

w 1*---jlJ
1100 n\( ^ - E

t
IW = 0 -1  Hz 
=  10 SEC/DIV

VY* l

^ B W  =  0 -0 .1  Hz 
I t  =  1 SEC/DIV

TIME (SEE GRAPH)

must be in still air environment so that differential 
lead temperature is held to less than 0.0003°C.

TL/H/9241 -11
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C onnection Diagram
M etal Can P ackage D ual-ln -L ine and Small O utline P ackages

O rder N um ber LM 194H , LM 394H, LM 394BH o r LM 394CH  
S ee NS Package N um ber H06C

TL/H/9241-13
To p  V iew

O rder Num ber LM 394CM , LM 394N , LM 394BN or 
LM 394CN

See NS Package N um ber M 08A  or N08E
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