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FWTURES 
Caw Offset Vobge:  100 p V  mar 
Low Drift 2 pVPC mar 
Wide Gain Range 1 to  10,000 
High Common-Mode Rejection: 115 dB min 
High Bandwidth (G = 1000): 200 kHz typ 
Gain Equation Accuracy: 0.5% mar 
Single Resistor Gain Set 
Input Ovwvoltage Protection 
LOW cost 
Available In Die Form 

APPLICATIONS 
Differential Amplifier 
Strain Gauge Ampl ir i r  
Thermocouple Amplifier 
RTD Amplifier 
Programmable Gain Imtnl(*ntation Amplifier 
Medical Instrumentation 
Data Acquisition Systems 

GENERAL DESCRlPnON 
The A m 2  is the first p d o n  inshumentation a m a e r  
available in an apln &e. Galn d the AMP02 is & by a 
slnde exremal &tor, and can mnae from 1 to 10,000. No 
g a i ; l s e t ~ e ~ o r i s  leqoired for uniGgain. The AMP02 indudes 
an Input -on network that allows the Inouts to be t a b  
60 ~-&nd either supply rail without damaging the device. 

L a s e r t r i m r r d n g ~ t h e i n p l t ~ m l t a g e  l o  under 100 FV. 
O u t ~ u t  otTset voltage is below 4 mV and eain accuracy ls better 
thar; 0.5% for gainif IMX). PMl's p.-op&uy thin-&&tor 
p- k e e p  the gain tempalum d d m t  d e r  50 ppmPC. 
Due to the AMP02's derim. its bamhvidth remaim verv high 
w e r a ~ & ~ n ~ e d ~ ~ ~ l e w n t e i s w e c 4 ~ & & &  
AMP02 ideal for fast data aqulcition system. 

REV. D 

High Accuracy 8-Pin 
Instrumentation Amplifier 

PIN CONNECTIONS 
E-Mini-DIP 16Pin SOL 

(P .%mx) (S S f i )  
and 

Cerdlp IIC E 

(2 Su*) -1 -. 
re LL 

I v. 
a rau 
EC M 
w n6mOIR - 115. E 

NC-WCONNECT 

Figure 1. Basic Circuit Connections 

A reference pin B provided to allow the output to be referenced 
m an external dc level. This pin may be used for o&t met- 

tion or level shifting afrequlred. In the 8-plnpackage. s e w &  
L n ~ ~  m ~ f f t e d  10 the OUtpUl. 

For an instrumentailon amplifier with the Mghest predzlon. 
cMsult the AMP01 data sheet. For the hlw input impedance 
and speed. consult the AMP05 data sheet. 

Information hrnished by Amlog Devices is believed ta be murate and 
reliable. However, no rerponsibi l i  is aswmed by Analog Devices far rn 
use, rmr for any inhingememu of pabemu ar OV~R righD 01 third parties 
whim may -un from its vse. NO i ~ s e  is by impwcaication or h T ~ l o g l W a y . P . 0 .  Box 9106. Nor-wd, MA0+062-9104 U S A .  
otherwise undw any paLent or patent rightsof Analog Devices. Tel: 617/32947OO Far: 6171321P703 





ABSOLIJIE MAXIMUM RATINGS 
Supply Voltage ............................... f 18 V 
Common-Mode Input Voltage . [(V-) - M) VI to [v+) + M) V] 
DiRerential Input Voltage ... .[W-) - M) VI to [(V+) + M) VI 
Output Short-circuit Duration .............. .Continuous 
Opemting Tempera- Range ............ -40°C to +85'C 
Storage Temperam Range ............ -65°C to +15U'C 
Funaim Temperam Range ........... - 6 5 T  to +15VC 
Lead Tempera- (Soldering. 10 sec) ............ +3MlDC 

Parameter 

. . 
16-Pin SOL (S) 1 92 27 

NOTES 
' ~bsoln~ l~  m a d m m a d m  rat@ m bolh DICE and packaged pm, u k a  olh- 
prwirrmard. 

Srmbol 

Package Type ( %Az 

'em i. w e d  lwwmt - m-ting mndilioli. 1.e.. €Ilr ir @ed lor d e  
vim h wxhl  br P-DIP ~ k a g e :  8p is ipecSed lor devim vlldered to prlnled 
~ ~ ~ w S O L ~ .  

c I Units 

ORDERING GUIDE 

GndlUoru 

v,m mar s 
T* = +2ST 

AMPOPEP 

AMWZFS ZW pV 
AMWPGBC 

AhwmE 
Min Tm hk. 

AMPDZF 
Min Tm Mar Unils 
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Dfee Characteristics 

WAFm TEST LIMITS at vs = -15 V, V C ~  = o V, TA = +250C, unless owwise  noted. 

Parameter 

Input GiTset Voltage 

Output Ollset Voltage 

POWR Supply 
Rrjectlon 

Input Bias C m n t  

Input OIIset C m n t  

Common-Mode 
Rejmtion 

ssmbd 

Input Volta~e Range 

1 5 0 M  
Gain Equation Accuracy I c=-+I.C=~OOD R 1 0.7 

VIOS 

VWS 

PSR 

IB 

bs 

Gnditlom 

IVR 

ESD (elecumtattc discharge) sensitive device. Elenmstatlc charges as hlgh a 4000 V readily 
acmrrmkte on the human body and test equipment and can discharge without d e t d o n .  
Although the AMP02 iatacwm proprietary ESD protectton circuirry. permanent damage may 
n r u r  on devices ~ b j m e d  to high energy elenmstattc d'wharges. Therefore, p r o p  ESD 
p&an~lonr are recommended to avoid performance degradation or loss of functionality. 

Vs=rt4.8Vto+18V 
G =  IRM 
C =  1M) 
G =  10 
C = l  

Output Voltage Swing 

AMP02 GBC 
Limits 

Guaranteed by CMR Tats 

Units 

200 

8 

110 
110 
95 
75 

20 

10 

Vour 

KV I m X  

mV mx 

dB mln 

nA lnax 

nA m 

f 11 

- - 

9 = l k Q  f 12 V min 

supply r..hmnt 1 1, 

V min 

NOTE 
~ ~ m ~ i n & ~ m B r ~ ~ I > O C m ~ l l m s m d ~ m ~ a n d m m a l f i & l o a . f i d d ~ ~ g b m ~ ~  
b. vladardpdurt dl-. Carnull ladq m negot(nte e c a t b m  bavd on do lol quahihtlora lhrmgh -pie !u -mbb Hd teflng 

6 d m a x  
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APPLICATIONS INFORMATION 
INPUT AND OUTPUT OFFSET VOLTAGES 
Insmentation ampUfiers have independent orset voltages 
m a t e d  with the input and output stages. The input o f k t  
oomponent is d l  multiplied by the ampLif1er gain, whereas 
output o5set is independent of gain. T h w f m .  at low gain, 
output-offset-em dominate, while at high gain, input-offset- 
~ITOIS dominate. Overall o m  voltage. Vm, referred to the out- 
put (RTO) is calculated a follows: 

vo5(rn)=mrmx GI+ vw 
where Vros and V- are the input and output olfset voltage 
sped8catlons and G ir the a m f l ~ r  gain. 

The oversll offset v o l a e  a X V o r  referred to the outout, is 
a combination of inpu&d output drilt specifications. input 
offset voltaw drift is muldoUed bv the ampli6er ~ a i n .  G ,  and - 
summed wiih the output i s e t  & 

KVos (RTD) = (mjm X G) + T C V m  
where TCVros is the input offset mltage M, and TCV- $ 
the output offset mltage driFt. Frequently, the am* drift is 
referred back to the Input (RTI) which is then equivalent to an 
input signal change: 

For example, the maximum Input-referred drift ol an 
AMPOZEP set to G = 1 WO becomes: 

INPUT BIAS AND OFFSm CURRENTS 
Input transistor bias currentr are additional ermr m u m  which 
c a i  degrade th? input slgnd. Bias -IS llawing through the 
slmal s o m e  resistance a m a r  as an additional offset vohaee. 
E-@ source mistance &both inputs of an ~ A w i ~ d  
offset changes due to blar current Watlons with signal voltage 
and temperature. However. the diaerence between the two bias 
currents, th? Input offset current producer an error. The mag- 
nihdedihe~lorhtheofTsetNlrenttimethezaw&tmre. 

A c m n t  path must always be pmvided between the diaerentlal 
inputs and analog ground to mure correct ampliFier o p t i o n .  
Roatlng Inputs, such as themmmuples, should be grounded 
dme to th? slgnal - for best common-mode w o n .  

GAIN 
TheAMP02 only requires a single e n d  pBIstor to set the 
voltage gain. The voltage gain, G, ir: 

The voltage gain can range fmm 1 to 10,000. A galn set mlrtor 
is not required for unity-gain applications. Metal-film or wire- 
wound resistors are recommended for best results. 

The total ~ a i n  accuracy of the AMP02 is determined by the tol- 
erance of 6 e  external gain set mistor, &, mmbine~ rlith the 
e n  equation accwacy of the AMP02. Total gain drlf~ mm- 
bins  the mismatch olthe emrrnal galn sel resistor drift with 
that of the internal resistors (20 D D ~ P C  m). Maximum ~ a l n  
driR of the AMP02 independent'if the &hal gain set resistor 
is 50 wmpc. 
AU inarumentatlon arnpliiiers require attention to layart so 
thermocouple effects are minimized. Thermocouples formed b 
tween mp&r and dlnirmlar metak can easily d&uoy the 
TCVoc perfomam of the AMP02 which is h ~ l c a l l v  
0.5 )IVP'C. Resistors themselves can generate thenn&lectrlc 
EMFs when mounted pamllel to a thwnal gradient. 

The AMP02 user the Viple op amp !nstrumentation amplifier 
mnflgwation with the kput A g e  &tsisling of two mriirnped- 
anre amplifiers followed by a unily-gain dillerential amplllier. 
The inpul stage and output huITer are laser-uimmd to inueze 
gain accuracy. The AMP02 maintains wide bandwidth a all 
gains as shown in Flyre 26. For voltage g a b  great= than 10, 
the bandwldth ir wer 2W kttz. At unih-eain, the bandwidth of 

-016 

Figure 26. The AMP02 Keep Its Bandwidth at 
High Gains 

COMMON-MODE REJECTION 
Ideally, an bmmmentatlon ffnIdifier r r rpondsdy to the diller- 
e m  between the two input signals and rejects common-mode 
voltages and no&. In practice, there Is a small change In output 
voltage when both inplhpxpedence the samecommorrmode 
voltage change: the ratio of these voltages is called the mmmon- 
mode aain. Cnmmon-mode reiection (CMRI is the logarithm 
of the ratio of dlfferendal-mode gain to &-on-mod;. e n ,  ex- 
odindB.Larervlnrminnk~dtoxhiwe~heCMR 

and 
- 

of the M 2 .  
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Figure 27. Triple Op Amp Topology of the AMP02 

Rgure 27 shorn the @iple op amp configuration ofthe AMWZ. GROUNDING 
With all hsvwnenWon a m p h  of this type. H k critical m( The majority of i r n t s  and data acquisition syuems the 
to exceed the dynamic range of the Input amplilien. The ampH- sepmte grounds for analog and digltal signals. Analog ground 
fled dllierenllal inout ild and the lnmt common-mode volt- may also be divlded inro two or more w n d s  which will be tic . - 
age m u t  ~t force the ampllfler's output vultage beyond f 12 V 
(Vs = f 15 V) or nonlinear operation will result. 

The input stage ampli8m's output vol tap  at V. and Vz equals: 

where 

VD = Diffmential Input voltage 

= (+IN) - (-IN) 
vw = &mon-mode input voltage 

G = Gain of instrumentation amplifier 

UV1andV~canequalfl2Vmadmum,thenthe 
common-mode input wltage range is: 

together at one point, usually the anal& power-supply ground. 
In addition, the digital and analog grounds may be joined, nor. 
maUy at the analog ground pln on the A to D convater. Follov 
thlr basic practice is essential for good drcuit performance. 

mix in^! m u d s  c a w  interactions between dldtal c W t s  anr 
the an& signah. Since the ground ret- ha; ilrdte resir- 
lance and inductance, h u n h d s  of millivolts can be develo~ bt 
tween the v t e m  ground and the data acquisition compon&ts 
Usine sewrate m u n d  minimizes the current flow in tt 
s e n s i h ~ a n a l o r e  path to the v t e m  ground point. Cow 
quently, noisy ground currents from logic gates do interact wid 
the analog signals. 

Inevitably, two or more circuits will be joined together with tht 
grounds at dMerentlal potentials. In these situations, the differ 
ential hput of an instrumentation amplifier, with its high CMI 
can accurately hansfer analog information from one cirrult to 
another. 

SENSE AND W C E  TERMINAlS 
l'he sense terminal completes the feedback path for the instru- 
menmtion amplifier output stage and is internally connected 
d h d y  to the output. For SOL devices, c o n w t  the sense 
tennlnal to the output. The output signal is speciIled with re- 
s p m  to the reference terminal, which is normally conMCted tc 
analog ground. The reference may also be used for offset corn 
tion level shifting. A refweme source resistance wlll reduce thc 
common-mode & ] d o n  by the ratio of 25 KIRnEp. If the refe 
ence source reslstance is 1 R. then the CMR will be reduced 
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Specified SGC Component Values 

Identification 
Resistors 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 

Capacitors 
C1 
C2 

Trimpots 
Trimpotl 
Trimpot2 

LEDs 
LED1 
LED2 
LED3 
Fuse 

I Fuse1 

Specified Value 

5.49 K R 
499.0 R 
49.9 R 
24.9 R 

User selectable 
121 R 
1.0 K R  

510 R 
1.0 K R  
2.2 K R 

User selectable 

1 P F  
User selectable 

2 K R  
1 K R  

Yellow 
Red 
Red 

2AG 

Rating 

114 Watt 
114 Watt 
114 Wan 
114 watt 
114 Watt 
114 Watt 
114 Watt 
114 Wan 
114 Watt 
114 Wan 
114 Wan 

50 V 
50 V 

314 Watt 
314 Watt 

T-1 314 
.Y T-1 314 

T-1 314 

118 Amp 

Tolerance 

1% 
1% 
1 % 
1 % 
1% 
1 % 
1% 
5% 
5% 
5% 

0.1 % 

5% 
5% 

15 turn cermet 
15 turn cermet 



Complete Parts List' 




