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DC CHARACTERISTICS

Currentistakenfromthesourceintotheop-ampinputsresponddifferentlytocurrentand voltage

due to mis matching transistor. DC output voltages are,
Input bias current
Input offset current
Input offset voltage
Thermal drift

Input bias current:
Theop-amp ‘sinputisdifferentialamplifier,whichmaybemadeofBJTorFET.
Inanidealop-

amp,weassumedthatnocurrentisdrawnfromtheinputterminalsthebasecurrentsentering into the

inverting and non-inverting terminals(Ig” &Ig* respectively).

Even though both the transistors are identical, Iz~ and Ig" are not exactly equal due to

internal imbalance between the two inputs. Manufacturers specify the input bias current I
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Inverting Amplifier with Bias

Current

- I,=0
Vo —>
+ Ip’
T v=0

loput Biss Current
_I5+15
a 2
If input voltage Vi =0V.TheoutputVoltageVoshouldalsobe(V,=0)but for I
=500nAWefindthatthe outputvoltageisoffsetbyOp-ampwithal Mfeedbackresistor
Vo=500nAX1M=500mV
Theoutputisdrivento500mVwithzeroinput,becauseofthebiascurrents.
InapplicationwherethesignallevelsaremeasuredinmV,thisistotallyunacceptable. Thiscanbe
compensated by a compensation resistor Reomp has been added between the non-inverting

input terminal and ground as shown in the figure below.

R
O™ Bias Current
Compensation

Bias compensated circuit

Current Ig" flowing through the compensating resistor Reomp, then by KVL we get,
-V1+0+V,-V,=0(or)
Vo =

ByselectingpropervalueofRcomp, V2 canbecancelledwithV; andtheV,

=0.ThevalueofRcompisderived as

V1 =IB+Rcomp (or)

IB"=V1/Rcomp
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Thenode‘a’isatvoltage(-V).Becausethevoltageatthenon-invertinginputterminalis(- V).
SowithV;=0weget,

I1 =V1/R1

I, =V./R¢

For compensation, V, should equal to zero(V,=0,V;=0).i.e.from equation(3)V;
=V.Sothat,

L=V/R¢ >(5)

KCL at node ‘a’ gives,

IB =12 +11 =(VI/Rf )H(V1/R1)=VI(RI+Rf)/R1Rf---=--mm oo (5)

Assume Iz =Ig" and using equation (2)&(5) we get

V1 (R1+Rf)/RIRf=V1/Rcomp

Rcomp =R1 [|Rf-m=-mmmmmmmm e (6)

1.e.tocompensateforbiascurrent,thecompensatingresistor,Rcompshouldbeequaltotheparallel

combinationofresistorR; andR+.

Input offset current:

i. Biascurrentcompensationwillworkifbothbiascurrentslg” andls™ areequal. ii.
Sincetheinputtransistorcannotbemadeidentical. Therewillalwaysbesomesmall
differencebetweenlp” andlg™. Thisdifferenceiscalledtheoffsetcurrent

[Tos|=Ig*-I"

Offsetcurrentl,s forBJTop-ampis200nAandforFETop-ampis10pA.Evenwithbiascurrent

compensation,offsetcurrentwillproduceanoutputvoltagewhenV; =0.

Vi=Ig" Reomp
Andl] = V1/R]
KCL at node a gives,

R.
= (g — 1) =l — (I ——)
X 1

Outputvoltage =
AgainVy =L, R¢—V,
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Vo=I2 Rf -IB+ Rcomp
Vo=1MQX200nA
Vo=200mVwithV;=0
Equation(16)theoffsetcurrentcanbeminimizedbykeepingfeedbackresistancesmall.
+ Unfortunatelytoobtainhighinputimpedance,R 1mustbekeptlarge.
« Rllarge,thefeedbackresistorRfmustalsobehigh.Soastoobtainreasonablegain.
TheT-
feedbacknetworkisagoodsolution. Thiswillallowlargefeedbackresistance,whilekeepingthe
resistancetogroundlow(indottedline).
TheT-networkprovidesafeedbacksignalasifthenetworkwereasinglefeedbackresistor.

ByTtollconversion,

R} 4 2R(R
11, - *RS‘ —

TodesignT-networkfirstpickRt<<Rf/2and=calculate

R?

R = ————
® R/_QR[

Input offset voltage:

Insite of the use of the above compensating techniques, it is found that the output voltage
may still not be zero with zero input voltage [ Vo£0withVi=0]. This is due to un avoidable
imbalances inside the op-amp and one may have to apply a small voltage at the input
terminal to make output(Vo)=0.

ThisvoltageiscalledinputoffsetvoltageVos. Thisisthevoltagerequiredtobeappliedattheinputfo

rmaking output voltage to zero(Vo=0).
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Input Offset Voliage Vi Nen-Imverting Amplifier
Fig (a) Fig ()

\‘o = (1+Rf Rl)vos

vi - 0\. Vi
Equivalent cireuit for Vi = 0V - Riveattaa BoasTai e
Fig @) -

Letusdeterminethe Vosontheoutputofinvertingandnon-invertingamplifier.[fV;

=0(Fig(b)and(c)) become the same as in figure(d).

Total output offset voltage:

The total output offset voltage Vor could be either more or less than the offset voltage
produced at the output
duetoinputbiascurrent(Ig)orinputoffsetvoltagealone(V,s). ThisisbecauseIBand Voscouldbeeithe

r

positiveornegativewithrespecttoground. Thereforethemaximumoffsetvoltageattheoutputofanin

verting andnon-
invertingamplifier(figureb,c)withoutanycompensationtechniqueusedisgivenbymanyopamps
provideoffsetcompensationpinstonullifytheoffsetvoltage. A10Kpotentiometerisplacedacrossof
fset

nullpins1&5.Thewipesconnectedtothenegativesupplyatpind. Thepositionofthewipesisadjustedt
o nullify the off set voltage.
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Compensation circuit for offset voltage

When the given(below)op-amps does not have these offset null pins, external balancing

techniques are used.
, Ry
l’o'r = (1 + R_) V()S + Rf[g

With Rcomp, the total output offset

Ry
VOT _— (1 + 'ﬁ—) VOS Hr R['IOS

1

Thermal drift:

Bias current, offset current, and offset voltage change with temperature. A circuit c are
fully null at
25°Cmaynotremain.Sowhenthetemperaturerisesto35°C. Thisiscalleddrift. Offsetcurrentdriftis

expressedinnA/°C.TheseindicatethechangeinoffsetforeachdegreeCelsiuschangeintemperature.
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