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MAX4194 ® +2.7V
O
MAX4195 93uA
MAX4195/96/97) 8uA
(G=+1V/V) MAX4196(G=+10V/V) MAX4197 ( ) 8u
(G=+100V/V) O 115dB(G = +10V/V)
0 50uV(G +100V/V)
SuA
+ 0. Y =+
be 3 0 + 0.01%(G = +1V/V)
0 -3dB 250kHz(G = +1V/V MAX4194)
MAX4194 MAX4197 O
200mVv 1.1V
+2.7V
+7.5V +1.35V +3.75V
93uA 8 SOP
(-40
+85 ) PART TEMP. RANGE PIN-PACKAGE
MAX4198/ MAX4194ESA -40°C to +85°C 8 SO
MAX4199 MAX4195ESA -40°C to +85°C 8 SO
MAX4196ESA -40°C to +85°C 8 S0
MAX4197ESA -40°C to +85°C 8 SO
4 20mA PART SHUTDOWN | GAIN (V/V) CMRR (dB)
MAX4194 No Variable 95 (G = +1V/V)
/ MAX4195 Yes +1 95
MAX4196 Yes +10 115
MAX4197 Yes +100 115
TOP VIEW
RG- [1] 8] Ra+ ReF [1] 5] SHON
- [2] MAXIM [7] v, - [2] AAAXIM [7] v,
|: MAX4194 :l |: MAX4195 :l
IN+ | 3 6| out IN+ | 3 MAX4196 |6 | out
L] o L] MAX4197 o
Vee [ 4] 5] rer Ver [ 4] [5] 8
SO SO
MAXIM Maxim Integrated Products 1
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MAX4194-MAX4197

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC t0 VEE) . vioveevieiiiiiiiiiie +8V Operating Temperature Range ...........c.ccccoeeeen. -40°C to +85°C
All Other Pins .. (Vcc + 0.3V) to (VEg - 0.3V) Junction Temperature ...........ccoccooviiiiiii +150°C
Current into ANy Pin...iiiie +30mA Storage Temperature Range ...........cccccoovernnn, -65°C to +150°C
Output Short-Circuit Duration (to Vcc or VEE)........... Continuous Lead Temperature (soldering, 10S€C) .......cccccovvvvvinrrnnn. +300°C
Continuous Power Dissipation (Ta = +70°C)

SO (derate 5.9mW/°C above +70°C)......ccccocvevriirnnn. 471mW

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 in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vce = +5V, VEE = 0, R = 25kQ tied to Vce/2, VREF = Vec/2, Ta = TmiN to Tmax, unless otherwise noted. Typical values are at
Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Inferred by PSR Single supply 2.7 7.5
Supply Voltage Range V Vv
PPy ¢ ¢ ce test Dual supplies +1.35 +3.75
Quiescent Current Icc ViIN+ = VIN- = Vee/2, VpIFF = 0 93 110 pA
Shutdown Current ISHDN ISHDN = VIL, MAX4195/96/97 only 8 12 pA
G = +1V/V,Vcm = Vee/2, Ta = +25°C +100 +450
G = +10V/V, Vom = Vee/2, Ta = +25°C +75 +225
G = +100V/V, Vom = Vee/2, Ta = +25°C +50 +225
G = +1000V/V, V =Vce/2, Ta = +25°C +50
Input Offset Voltage Vos e ce A pv
G =+1V/V, VoM = Vee/2, Ta = TMIN to TvAX +100 +690
G = +10V/V, Vcm = Vee/2, Ta = TMIN to TMAX +75 +345
G = +100V/V, Vcm = Vee/2, Ta = TMIN to +50 +345
G = +1000V/V, Vcm = Vee/2, Ta = TMIN to +50
Input Offset Voltage Drift G=+1VNV £1.0 +4.0
TC V/°C
(Note 1) VYOS "G 1oV w05 =20 | "V
| ¢ Resist R v Voo/2 Differential 1000 Mo
nput Resistance =
P N cM ce Common mode 1000
. Differential 1
Input Capacitance CIN Vewm = Vee/2 pF
Common mode 4
Input Voltage Range VIN Inferred from CMR test VEg + 0.2 Voo - 1.1 Vv
Ve = VEE + 0.2V G = +1V/V 78 95
to Voo - 1.1V, G = +10V/V 93 115
Ta = +25°C, G = +100V/V 95 115
o ARs = TkQ G = +1000V/V 115
DC Common-Mode Rejection CMRDpC G TN 3 % dB
Vcm = VEg + 0.2V =+1V/
to Vee - 1.1V, G = +10V/V 88 115
Ta = TMIN to TmAX, G = +100V/V 90 115
ARs = 1kQ G = +1000V/V 115
Vo = VEE + 0.2V G =+1VV 85
AC Common-Mode Rejection CMRac | toVee - 1.1V, G = +10V/V 101 dB
f=120Hz G = +100V/V 106

2 MAXIMN




ELECTRICAL CHARACTERISTICS (continued)

(Vce = +5V, VEE = 0, R = 25kQ tied to Vce/2, VREF = Vec/2, Ta = TmiN to Tmax, unless otherwise noted. Typical values are at

Ta =+25°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
+2.7V<Voc £ +7.5V; Vem = +1.5V,
Power-Supply Rejection PSR Vout = +1.5V; VRerF = +1.5V; RL = 25kQ to 90 120 dB
+1.5V; G = +1V/V, +10V/V, +100V/V
Input Bias Current B Vcwm = Vee/2 6 20 nA
Input Bias Current Drift TCiB Vewm = Vee/2 15 pA/°C
Input Offset Current los Vewm = Vee/2 +1.0 +3.0 nA
Input Offset Current Drift TCios Vewm = Vee/2 15 pA/°C
f=10Hz 85
f = 100Hz 75 nVvHz
G = +1V/V
f=10KHz 72
f=0.1Hz to 10Hz 1.4 uVRMS
f=10Hz 35
) f = 100Hz 32 nVVHz
Input Noise Voltage en G = +10V/V
f=10KHz 31
f=0.1Hz to 10Hz 0.7 uVRMS
f=10Hz 32
f = 100Hz 31 nVvHz
G = +100V/V
f = 10KHz 8.7
f=0.1Hz to 10Hz 0.6 uVRMS
f=10Hz 2.4
) , f = 100Hz 0.76 pAVHZ
Input Noise Current in
f = 10kHz 0.1
f=0.1Hz to 10Hz 16 PARMS
Voo - Vi 30 100
RL=25kQtoVoo/2 | — -1
Output Voltage Swi Vo, V. VoL 0 100 v
utput Voltage Swin ) m
P ° & O TOoL kv | Veo-Vor 100 200
= o]
- ce VoL 100 200
Short-Circuit Current (Note 2) Isc +4.5 mA
Gain Equation MAX4194 only 1+ (50kQ/Ra)
Ta = +25°C, G = +1V/V +0.01 A
Vem = Veel2, G = +10VNV +0.03 3
RL = 25kQ,
VEE + O1V < VOUT G = +1OOV/V +0.05 +0.5
) <Vcc-0.1V G = +1000V/V, MAX4194 +0.5
Gain Error %
Ta = +25°C, G =+1V/V +0.01 1
Vem = Veel2, G = +10VNV +0.03 3
RL = 5kQ,
VEE +0.2V< VOUT G = +1OOV/V +0.05 +0.5
<Vcc - 0.2V G = +1000V/V, MAX4194 +0.5
W AXIW 3

L6 LVXVIN-P6 EPXVIN



MAX4194-MAX4197

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +5V, VEE = 0, R = 25kQ tied to Vce/2, VREF = Vec/2, Ta = TmiN to Tmax, unless otherwise noted. Typical values are at

Ta =+25°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Gain Temperature Coefficient MAX4194/MAX4195, G = +1V/V +1 +8 opmIC
(Note 1) MAX4196/MAX4197 +1 +15
200 Restance ereerane | 1050 | maxatos
Capacitive Load Stability CL 300 pF
MAX4194 250
G =+1V/V
MAX4195 220
VoUT<0.1Vpep,| G = +10VV MAX4194 17
-3dB Bandwidth BW-3dB Vo =_V¢c 2 ’ MAX4196 34 kHz
MAX4194 1.5
G = +100V/V
MAX4197 3.1
G = +1000V/V | MAX4194 0.147
Slew Rate SR Vourt = 2Vp-p, G = +1V/V 0.06 V/us
G =+1VNV 0.05
Settling Time ts | 0.1%, Vour = 2Vpp o= IOV 0.04 ms
G = +100V/V 5
G = +1000V/V 7
Total Harmonic Distortion THD Vout = 2Vp-p, G = +1V/V, f = 1kHz 0.001 %
Input Logic Voltage High ViH Vce-1.5 V
Input Logic Voltage Low ViL Vce-25 \
SHDN Input Current VEE < VSHDN < Vce m,ﬁiﬂgg/gﬁjmgw +0.1 PA
Time to Shutdonn (o | G- 1V 01% | MAKATOSIMAX 196 05 ms
Enable Time From Shutdown tENABLE Soz:lvi\éf?v1 %, maiﬂgg/(’mfmgw 0.5 ms
Power-Up Delay G = +1V/V, 0.1%, VouT = +3.5V 1 ms
On/Off Settling Time {ON/OFF giH/E)NVz\L/fT:C: 5352_)’\}0 Voo - 1.8V, G = +100VNV, 05 ms

Note 1: Guaranteed by design.

Note 2: Maximum output current (sinking/sourcing) in which the gain changes by less than 0.1%.
Note 3: This specification represents the typical temperature coefficient of an on-chip thin film resistor. In practice, the temperature
coefficient of the gain for the MAX4194 will be dominated by the temperature coefficient of the external gain-setting resistor.
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(Vce = 45V, VEE = 0, RL = 25kQ tied to Vcc/2, Ta = +25°C, unless otherwise noted.)

NORMALIZED GAIN (dB)

MAXIMN

S e b Ao o ow s

20us/div

MAX4194 MAX4195/MAX4196/MAX4197
SMALL-SIGNAL GAIN vs. FREQUENCY SMALL-SIGNAL GAIN vs. FREQUENCY
o 4 2
z g 2 E:
z 1 G =+
g U N~ | ¥
N \\ g P { N \ (
\ D N = ) Leovoond) A\
G- +OVV\ g G = +10VY
G =+1 oowv\ \ \
-4
\ . \
\ \
-6
100 1k 10k 100k M 100 1k 10k 100k ™
FREQUENCY (Hz) FREQUENCY (Hz)
MAX4194 MAX4194
LARGE-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE
(GAIN = +1V/V) (GAIN = +100V/V)
MAX41 4\20_0_ MAX4194 toc05
\ INPUT \ INPUT
1 (500mV/div) l (5mV/div)
OUTPUT Ve OUTPUT
\ (500mV/div) N (500mVy/div)
20us/div 200us/div
MAX4194 MAX4194
SMALL-SIGNAL PULSE RESPONSE SMALL-SIGNAL PULSE RESPONSE
(GAIN = +1V/V) (GAIN = +100V/V)
MAX41 4\9;97 MAX4194 toc08
‘ INPUT INPUT
‘ (50mV/div) ] (500uV/div)
I \ OUTPUT / QUTPUT
\ (50mV/div) N (50mV/div)

200us/div

SETTLING TIME (us)

0.1% SETTLING TIME vs. GAIN
(Vour = 2Vp-p)

10k -
ME
VB
A1z
/// =
1k //
//
100 d
—-/
10
1
1 10 100 1k
GAIN (V/V)
MAX4197
LARGE-SIGNAL PULSE RESPONSE
(GAIN = +100V/V)
MAX4194 toc06
l INPUT
l (5mV/div)
\ OUTPUT
(500mV/div)
200us/div
MAX4197
SMALL-SIGNAL PULSE RESPONSE
(GAIN = +100V/V)
1AX4194 toc09
l INPUT
\ (500uV/div)
\ OUTPUT
(50mV/div)

200us/div
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MAX4194-MAX4197

¢ )

(Vce = 45V, VEE = 0, RL = 25kQ tied to Vcc/2, Ta = +25°C, unless otherwise noted.)

POWER-SUPPLY REJECTION
vs. FREQUENCY
0 e -30
20 : -40
‘G:+1 /\9 ™= 50
’40 ‘ / | 60
_ G=x10vv| | '/ _
3 60 / 8 70
= /I‘ Il =
5 i <
& g) e A 2 80
L1 ;:’“/ SRkl 90
-100 T A
T -100
120 [T T 00y HH
seimtll L] o
—
140 -120
1 10 100 1 10k 100k
FREQUENGY (Hz)
MAX4195/MAX4196
TOTAL HARMONIC DISTORTION PLUS NOISE
vs. FREQUENCY 120
1.000 e
. _
0.100 ‘.%”0
& =
m E
2] S 100
£ 0010 g
+ )
2 —— MAX4196 / &
= 1 6= +1ovy % 2 5
0.001 ==
G=+1VNVH
MAX4195
0 L 80
1 10 100 1k 10k
FREQUENCY (Hz)
MAX4195/MAX4196/MAX4197
SHUTDOWN CURRENT vs. TEMPERATURE
10 e
/é
/ 2
— 8 =
B
=
< 6
3
£
S 4
=t
=2
&
2
0
40 15 10 35 60 85
TEMPERATURE (°C)
6

COMMON-MODE REJECTION
vs. FREQUENCY

A %
7
/1
G=+ /V //
A AT
v
A1 G =+10V/
Ll LT e ﬁ—H-u-.
— )Vl/ G = +100V/V
P P
”‘ T T T
A G = +1,000VV
[
10 100 1k 10k 100k
FREQUENCY (Hz)

SUPPLY CURRENT vs. SUPPLY VOLTAGE

2 3 4 5 6 7 8 9

SUPPLY VOLTAGE (V)

MAX4194 toc14

VOLTAGE NOISE DENSITY (nV/+Hz)

SUPPLY CURRENT (uA)

1,000 T o
SHEs E
\ HH% i g
j\G=+1V/V é
N
100 g
N]
— G=+10vV H]
.\
NG
10
N
R
\\G\TH‘#H OO\V\ \‘
i P N[
11/ A
1 10 100 1k 10k 100k

VOLTAGE-NOISE DENSITY
vs. FREQUENCY

FREQUENCY (H2)

SUPPLY GURRENT vs. TEMPERATURE

* T |
% G = +1000V/V 2
A =
o G =+100V/V 7%
9 _ ,/
G =+1VN, +10VNV
9% /
88
86
84

40 45 10 35 60 8
TEMPERATURE (°C)

INPUT BIAS CURRENT vs. TEMPERATURE

10

=)

MAX4194T0C17

INPUT BIAS CURRENT (nA)

-40

-15

10 35 60 85
TEMPERATURE (°C)
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(Vce = 45V, VEE = 0, RL = 25kQ tied to Vcc/2, Ta = +25°C, unless otherwise noted.)
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INPUT OFFSET CURRENT vs. TEMPERATURE INPUT OFFSET VOLTAGE vs. TEMPERATURE
50 | s 100 2
MAX4196 E 75 :
R N gl : X MAXIST | axatge :
z N g L ]
£ 50 — £ X
o
o100 b MAX4195—— £ 2
= 5 Maxatg4 | MAX4194
2 2 v | (G=+100Vp, |
=150 =50 (6 =10V~ Hooov)
75
MAXAIGE T
200 100 ‘
4 5 10 3% 60 8 4 -5 10 3B 60 8
TEMPERATURE (°C) TEMPERATURE (°C)
MAX4195
MAX4194 MAX4196
MAX4197
1,8 — RG-, RG+
5 1 REF
2 2 IN-
3 3 IN+
4 4 VEE
_ 5 FB ouT
6 6 ouT
7 7 Vce
— 8 SHDN

MAXIN




MAX4194-MAX4197

MAX4194 +1V/V
+10,000V/V ( 1)
MAX4195/MAX4196/MAX4197
MAX4194 MAX4197 ¢ 2) +1V/V +10VIV
3 ( 1) +100V/V
1 2
115dB(G = +10V/V) Vee+ 0.2V
Vee- 1.1V
( 3) IN+  IN-
—Vce
VREF IN+(ViN+)
IN-(V|n-)
MAXIMN L ot (Ig)
MAX4194 5 Al A2
_CEF Vout2-Vouti=lc (Ri1+Rg+R1)
[— VEE
Vout:t Voutz Al A2 Rg
( ) R1
1. MAX4194
Ic
Ly
IN-— _FEC lc = (Vin+ - VINI/RG
(Voum)
MAXIVI
MAX4195 L oo
MAX4196 Vour= (Vin+-Vin-) [(2 R1)/Rg]+1
SHDN —| MAX4197
INg — — REF Vce
— VEE REF Vcc/2
iVCc/Z
2. MAX4195/MAX4196/MAX4197
*Rq=Ro =25kQ
ViN- ** Rg = INTERNAL TO MAX4195/MAX4196/MAX4197
N Rg = EXTERNAL TO MAX4194
_ _‘
Ving - ViN- E §Rg**i T Vourz - Vourt —— OUT
1+ I
-3 R
S Vour = (Vine - ViN-) - (1 + 71)
G
REF
ViNg Ry
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1. MAX4194

CLOSEST R (1%) | CLOSEST Rg (5%
GAIN (V) ) (1%) ) (5%)
+1 00 * 00 *
+2 49.9k 51k
+5 12.4k 12k
+10 5.62k 5.6k
+20 2.61k 2.7k
+50 1.02k 1.0k
+100 511 510
+200 249 240
+500 100 100
+1,000 49.9 51
+2,000 24.9 24
+5,000 10 10
+10,000 4.99 51
* Leave pins 1 and 8 open for G = +1V/V.
Vem  Vour
4 MAX4194 1 8
)
( Vee=
+5V Vreg=Vcc/2 = +2.5V)
+2.5V
A D (Vgg+0.2V
Vee-1.1V) (B C E F)
Vour
(B C E F) Vewm
MAX4194 MAX4197
25kQ (Vec/2 )
30mV(typ)
5kQ Vcc/2
100mV
MAX4195 MAX4197
(SHDN)
SuA(typ) ( 5a 5b 5c¢)

MAXIN

SHDN E
ml,
(MAX4194) ,h
MAX4194 2 RG ( 8) |
1 E
G=1+50kQ/Rg ><
G S\
"o ©
50kQ IN+ [IN-
2 N
MAX4194
S VoG = +5V/+3V
= G=+VV Vee=0
o4 [REF=+25V/415V __ |Ta=425C
= A
S
s 3
= B F
()
S 2
s
=
= 1
(&b
0
0 1 2 3 4 5
OUTPUT VOLTAGE (V)
4.
= maxat9s
o jour
AC-COUPLED
(VoiFr =2V,
G=+1V/)
4 (500mV/div)
SHDN
(5V/div)
5hus/div
5a. MAX4195
9




MAX4194-MAX4197

1 Vee
MAX4196
{our INe |
AC-COUPLED IN- Vour
1 (Voirr = 200mV,
G =+10V/Y)
(500;1V/div) RL CL
Re = oo (MAX4194) T
G=%7) (NTERNAL, MAX4195) Ve Vg
SHDN
(5V/div)
ot 6a.
50us/div (G _ +1V/V)
5b. MAX4196
- INPUT
. (50mV/div)
MAX4197
ouT
: AC-COUPLED
“ - (VoiFr = 20mV,
G =+100V/V)
(500mV/div)
OUTPUT
: (50mV/div)
i
SHDN
(5V/div)
50us/d1\7/ 50us/div
5c. MAX4197
6b.
R = 25kQ C; = 1000pF
Re IC (RL L pF)
Re
INPUT
(50mV/div)
MAX4194 MAX4197 300pF
6a .
( ) output
(50mV/div)
( 6b)
Riso( 6¢) 50us/div

6c¢C.

(RISO =75Q R_= 25kQ CL= 1000[3':)

10 MAXIM




2 2
4
B (IN-) (VBRIDGE)
0.1,F (120Q 350Q)
Vour
Vour =Vas G
MAX4194 MAX4197 G=(1+50kQ/Rg)
PT100 (
) (PRT)
VaB

4

) MAX4194

2

A (IN+)

REFERENCE

MAX144

ADC

VBRIDGE | +

1O

uP

7. MAX4194

TRANSISTOR COUNT: 432

MAXIMN

11
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MAX4194-MAX4197
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INCHES MILLIMETERS INCHES MILLIMETERS
MIN | MAX |[MIN | MAX MIN | MAX | MIN | MAX | N [MS012
A10053(0069| 135|175 D|0.189 (0197 | 480|500 |8 A
A1/ 0,004 |0.010 | 0,10 |0.25 D|0.337]|0.344| 855|8.75|14| B
B|10.014 |0.019 | 0.35/0.49 D]0.386|0.394| 9.80|10.00|16| C
C|0.007]0.010 | 019|025
e 0.050 127 NOTES:
Fl0150 10157 ] 3.8014.00 I, D&E DO NOT INCLUDE MOLD FLASH
H10228[0.0441580/6.20|  * "o exCeeD usmn cated
n10,010 10.020| 0.25]0.90 3, LEADS TO BE COPLANAR WITHIN
102mm 004"
L 10016 |0.050] 040127 4 CONTROULING DIMENSION: MILLIMETER
5. MEETS JEDEC MSO012-XX AS SHOWN
IN ABOVE TABLE
6. N = NUMBER OF PINS
[ VAUV [pcaE TaNILY DUTLINE: SOIC 150 L7 | 21-0041 A
4 N
TFIN IR RS’
0169-005100o0o0o0o0o0o0oo3-30-16100001000
_ Y, TEL. (03)3232-6141 FAX. (03)3232-6149
12 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600
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