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Op-Amp & Op-Amp Circuits

OperationalAmplifier (Op-Amp)

An operational amplifier is a direct coupled amplifier with two differential inputs and a single
output. It is a versatile device used in almost all analog circuits. It provides very high open
loop gain. It is a linear active device, which consists of different stages as show in figure.
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Fig: Circuit Symbol With Power
Supply Connection
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Fig: Different Stages of Operational

Amplifier
Stages:
1. Differential Amplifier with Double Ended Output
2. Differential Amplifier with Single Ended Output
3. Level Shifting Amplifier
4. Emitter Follower Output Stage

It was originally designed for performing mathematical operation such as, summation,
subtraction, multiplication, differentiation, integration, sigh changing etc. Now-a-days it has
numerous usages e.g. scale changing analog computer operation, in instrumentation and
control system and in various phase-shift and oscillator circuits.
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Stage 1:

It is a differential amplifier with a non-inverting and an inverting input terminal. It has also
double ended output. It has very high input impedance, so it amplifies very small signals
applied differentially and rejects small and large common mode input signal.

Stage 2:
It is a medium level signal amplifier biased by constant current source. Its output is a single
ended. So that it could be conveniently cascaded to the follower circuits.

Stage 3:
It is a common emitter amplifier which is responsible for level shifting as well as
amplification

Stage 4.

It is basically emitter follower type circuit to obtain low output impedance and high current
gain. So that it could drive the external load approximately.

Technical Characteristics: Ideal Vs. Practical Op-Amp

S.N. Characteristics Practical Op-Amp (NE 741) Ideal Op-Amp
1  Voltage Gain (Open Loop) 10° 0
2 Input Resistance (Rin) 10°Q 0
3 Output Resistance (Rout) 75Q 0
4 Input Bias Current 200 nA 0
5 Input Offset Current 20 nA 0
6  Input Offset Voltage 2mV 0
7 Unity Gain Band-Width 1 MHz 0to o
8 Slew Rate 0.7 pV/sec 0

Ideal Operational Amplifier

The Op-amp is designed to sense and amplify the difference between the voltages signal
applied at its two input terminals. The output of Op-amp is:

Vo =A(Vz-Vi)
Where, A= Open loop gain.

V2= Voltage between terminal 2 and ground, and
V1= Voltage between terminal 1 and ground.
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Characteristics of Ideal Operational Amplifier

1. The input impedance of an ideal Op-amp is
infinity, i.e. the signal current into terminal
one and two both are zero.

2. The output impedance of an ideal Op-amp
IS zero, 1.e. the output voltage with respect to
ground is always equal to Vo = A(V2-V1)
and is independent of the load.

3. It has infinite common mode rejection, i.e.
it ignores any signal common to both inputs.

4. Ideal Op-amp has infinite band width, i.e. it

has gain ‘A’ that remains constant down to
zero frequency up to infinite frequency.

Virtual Short Circuit & Virtual Ground

VOIJ[
——e

Voo—¢

|2:0

Fig: Ideal Op-Amp with Zero Signal
Current Due to Infiniter I/P Impedance

|1=0
Vi AV2V2)
< : Vo
N
V2 |2=O

Fig: Ideal Op-Amp with
Zero o/P Impedance

If the Op-amp has infinite open loop gain, i.e. A—oo; and producing finite voltage at output,
then voltage between the Op-amp input terminals should be negligibly constant as shown.

Vout = AV, — V1)
eV, -V =Tou =2

|e VZ _V1 = O

|e VZ = Vl

Vout
o

Fig: Virtual Short-Circuit &
Virtual Ground

This means that, Gain (A) — oo; the voltage Vi—V2, we call this as two input terminal
‘Tracking Each Other in Potential’ or ‘Virtual Short Circuit’ exists between the two input
terminals. A virtual short circuit means that whatever voltage is at terminal two, will
automatically appear at terminal one because of infinite gain.

If terminal two is grounded, voltage at terminal one is zero volts, so we call the terminal one

as a virtual ground.
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Op-Amps€ircuits

1. Inverting Configuration
In this configuration input is supplied on the inverting terminal of the op-amp, so called
inverting configuration. Rz closes loop around the op-amp, so acts as a negative feedback.

R,

12

V=0 2|°

Fig: Op-Amp Inverting Configuration

Calculation of closed loop gain:

Case I: If A — Infinite (0);
From short circuit theory: V, = 0 =V, and also i; =i, ... (i)
Vi

Vi—-V . . . ..
As, % =i; le. R = (i)

Again,V; =i,R, =V, =0

Or, VO = V1 - iZRZ - _ilRZ == _]‘:—lRZ

.. Closed loop gain (A) = Yoo _Re
Vi R4
Case Il: If A — Finite;
. \% .
Then,V, = A(V, —V,) ieV, = —X" () (. V2=0,but V1= V2)
Vo
L. (Vi=Vy) | Vit ..
and also, i, =i, = T
V
. : ) vV, Vity Vo R, VoR
Agalﬂ Vo=V1_12R2=V1_11R2=_K_R_1AR2=_X_ViR_i_XR_i
. 1, 1R R
l.e. Vo(1+X+KR—i) = _VIR_i
5 R7)
. A\ R R
Gain: 2 = e = L
Vi (1+%+:\—}':21 1+%(1+}':—21
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2. Non Inverting Configuration
Here, input is fed into the non-inverting terminal-2 of an op-amp, so called non-inverting
configuration.

Rz

Fig: Op-Amp Non Inverting Configuration

Calculation of closed loop gain:

Case I: If A — Infinite (0);

From short circuit theory: V; =V, and also, ip =1, ... (1)
(0-Vy) : . . Vi . ..
As, R—11=11 i.e. 11=—R—1=11...(11)

Again,V; =i,R, -V, =0
Or, Vo =V; — i,R; = Vi —iyR, = V; + 25 R,
1

or, V, = Vi(1 + 2
R

.. Closed loop gain (A) = % =1+ %
i 1

Case Il: If A — Finite;

Then, Vo = A(V, = V) =A(V = V) LeVi—V; ==  ieV;=V,—=2 ()
Vo
. . (0-Vy)  —Vit .
and also, i; =i, = R11 = RlA ... (i)
. . . V, Vi_% Vo VoR, R,
Agaln VO=V1_12R2=V1_11R2:Vi_X+ R Rz:VI_X_XR_l-I_VlR_l

. 1 1R R
l.€. V°(1+K+KR_1) =Vi(1 +R—i
_5% R
. o Vo Ry _ (1+R1
i (47 AR al Ry
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Design an operational amplifier having:

a) Vo =-10Viand
b) Vo= 5Vi

Solution:

a) When Vo =-10Vi

b)

i.e. Gain (A) = Vo/Vi=-10

Since, it has negative voltage gain, so using a inverting configuration of op-amp, in
which, Vo = -(R2/R1) Vi

i.e. A =VoVi=-Ra/R1

i.e.-10 = -Ro/R1

i.e. R2 =10R:

Let; R1 = 10K, then R2 = 10x10 = 100K
Now, the resulting circuit of the op-amp looks like as follow in fig(a).

100K 40K
R
i, ?
2
10K
10K v 1
Vi 1 _
Er— — Il
11 - A —1—e\/,
Vi
L A — %V,
- v V2 2]
+ i
1 V=0 2 L
Fig(a): Op-Amp Inverting Configuration Fig(b): Op-Amp Non Inverting Configuration
When V, = 5V;i

i.e. Gain (A) = Vo/Vi=5

Since, it has positive voltage gain, so using a non-inverting configuration of op-amp,
in which, Vo = (1+R2/R1)Vi

i.e. A =Vo/Vi=1+R2/R1 = (R1+R2)/R1

ie.5 = (RitR2)/R1

i.e.5R1—R1=R2

i.e. R2 =4R:

Let; R1 = 10K, then R2 = 4x10 = 40K
Now, the resulting circuit of the op-amp looks like as in above fig(b).

Page3 1



3. The Voltage Follower
The non-inverting configuration has infinite input resistance. It enables using this circuit
as a buffer amplifier to connect a source with high impedance to low impedance. Buffer
amplifier has voltage gain of one.

Vi = Vl V| = V1 _
V,
A=1 > 19 A=1 . T
V. V.
T—in_'_ ?—027_'_ Ro Vg =Vi
Vi R; \l/
L =
Fig: Basic Connection of Vi 11 i Fig: Circuit Connection of
Voltage Follower 1 Voltage Follower

4. Integrator
It consists of a capacitor C in the feedback path of the inverting configuration.

Ve(t)
—
E—
R I2(t)
Vi(t) o 7 =
_ \A
l1(t) ey
V.=0 2"
Fig: Op-amp as an Integrator
From figure:
_ Y91 _ diw—0, . N oo Y91 iy .
== =R (--V2=0=V1) Le.iy == —=7"=1I. ...(1)

Again from loop equation:
Vi =9ty = oy = 0

. 1 pt.

l.e. Vl — Efo lz(t)dt = 80(t)

. 1 pt.

le. 0— Efo lz(t)dt = 60(t)

. 1 pt.

l.e. 190(0 = —Efo lz(t)dt
_ _ 1 t9ip ) ;
= Cfo R, dt  {.. From... (i)}

. 1 t

1.e. 190(0 = —afo ﬂi(t)dt
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5. Differentiator
In this case, a capacitor C is connected in the inverting terminal -1 of the inverting
configuration of an operational amplifier. In which V2 =0 = V..

- >
12(t)

Ve(®)

Vi() {

. A
HO e Vo)
Vo=0 | °
Fig: Op-amp as a Differentiator
From figure:
Bi(t) - Bc(t) -V, =0 e Bi(t) = Bc(t) L) (. V1=0)
. A ddc d9; A ..
Since, i = C dt(t) =C d'Et) =l - (”)

Again from loop equation:
Vl - RlZ(t) - Bo(t) = O

. . do;
l.e. ﬁo(t) = _Rlz(t) = —RC dt(t)
. a9

l.6. Bo(t) = —RC%

6. Difference Amplifier
Op-amp can be used in subtracting mode. The alongside figure shows a circuit that can
provide the difference between two inputs.

Rs¢
L
I2
R1 1
Vite
4_’ V1
I
A=1 Vo
V
Viz.—/\/W—’Z/ +
RS 2
I R3

Fig: Op-amp as a Substracter
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R3

From figure, we have: V, = ﬁviz =V; .. ()
As; V;; —i1R; =V, =0; ie.i; = Vi{R—ZVl =i, ...(i)
Again from loop equation:
V; —i,Rf =V, =0
Vo = Vi — iR = i viz—V“R‘lVl Ry
= R;fRZ Vig— 2 1Ry + 2 ‘R
= %Viz V11 + Ri R::Rz Viz
Let: Ri/R1 = R3/Rz; then'
Vo = Rglj;/::Rz Viz = V11 + Ei Rglj;/::Rz i2
- Rfljli/lilkz Viz = V‘1 + 11-: R:/{lfk/lile i2
= RllifRfViz - E_ivn + E_iRlRTfRf i2
= RP:_fR Vi,(1 + ll:_j i1 = Rj_fR iz(R1+Rf) - V11 =t V12 R: Vit
Vo = }lz_i (Vi i1)
. Comparator

Comparators are similar to Op-amp except that open loop gain is made longer by
including positive feedback in the internal circuit. Due to very large open loop gain,
output voltage essentially provides digital operation.

There are only two possible outputs, Vm J Vo
they are Vmax and Vmin. Ve +
When,  Vin> Vg e Combol
then Vo = Vimax
Ve

Vinax
When, Vin<Vgr
then Vo = Vmin

Viming

Fig: Comparator Characteristics
Curve
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Examples

1. If 93¢ = 5sin(t), R = 100K, C =
1WF, then 94 = ?

Solution:

1 t
We have: 9, = — Efo i dt

1
100%x103x1x10~6

o0y = f, 5sin(t)dt

1 t
T 100x103x1x10-6" 5COS(t)lO
TR S— (5cost — 1)

100x103x1x10~6

Yoty = 50cost — 50

2. 1fVi=2V,RC =1, then Vo =?
Solution:

We have: 9,y = —éfotﬂi(t)dt
9o = — 1 J, 24t

S (t)

Bo(t) - —Zt

8. Weighted Summer

It consists of a summing of currents
through the resistors at each branch
supplied with corresponding input
voltages. The summed current is fed to
the inverting terminal of an op-amp, to
which the output voltage Vo, is feed
backed with resistor Rr as shown in figure
alongside.

V,(t)=50cost

/\ t
VAR

V,(t)=5 -

V,(t)=50cost-50 =

RS
VAR

Fig: The Output of Integrator
When Input is Sinusoidal

Vi t)=2

Vo(t)=2t

Slope=-2 t

Fig: The Output of Integrator
Subjected to Step Input

i1

Fig: Resistor Summing Network
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Here; ip =—— —

. . V.. _V
Similarly, i, = =%, i3 = R—3 and so on.
3

R2
. S . ..V, V, Vg Vi .
= + + = — = _2 oo 1L
Atajunction;i=l1+il2+1i3+....+1n e i R1+R2+R3+ Ru ...(1)
Again from loop equation:
Vl_lRf_VOZO
i — iRe= (1, V2,V ,  Vn = Re Rt Rt LR
l.e. VO = lRf— R1+R +R3+ Rn)Rf R1V1+R2V2+R3V3+ ann

R¢ R
Where, —£, £
Ri 'Ry

voltage is the sum of all weights, so it is called by weighted summer.

% are known as the weights of V1, V2, ... Va respectively. Since, the output
3

Examples
1. Realize a circuit to obtain, Vo = -2V1+3V2+4V3. Use minimum value of R as 10K.

Solution:
Here; Vo = -2V1+3V2+4Vs = -{2V1+3(-V2)+4(-V3)} ...(1)

Comparing (i) with the equation: V, = — %Vl + %VZ + §V3 + ---%Vn); We get:
1 2 3 n

ﬁ=2; i.e.&=R1; ﬁ=3;i.e.5f=R2and ﬁ=4; i.e.&=R3

Ry 2 R 3 R3 4

Here; R3<R2<R1; So, choosing Rs = 10K. Then: Rt = 4R3 = 4x10 = 40K, R1 = R/2 =
40/2 = 20K, R2 = R#/3 = 40/3 = 13.33K. Now, the realization of the circuit is as follow.

~ 11 R;=20K
10K 1
V2 )
12 R,=13.3K
N .
1 13 . R,=10K
10K
10K
V3 -
i

Fig: Realization of the Resistor Summing Network:
When Vo = -2V1+3V,+4V3
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Output Offset Voltage

The actual value of output voltage when the inputs are zero is called the output offset voltage.
It is the output level about which the signal variation occurs. If an op-amp is used only for
an ac signal, it can be capacitor coupled to block the dc component represented by offset. On
the other hand, at low level and low frequency signal, the offset voltage creates the error, so
it has to be reduced.

Output offset voltages are the result of two distinct input phenomenons, they are;

a) Input bias current and
b) Input offset voltage.

e Input Bias Current

In the first-stage of op-amp i.e. differential stage, some dc bias current must flow when
the transistor is properly biased. This current is called input bias current. Although, small
input bias current flowing through the external resistor in an amplifier circuit produces a
dc input voltage that in terms create an outpur offset voltage.

Fig(b): Output Offset Voltage
due to Input Bias Current

Fig(a): Input Bias Currents
IB1 & IB2

The input bias currents through two terminals are represented by two current sources Is1
and Is2 connected on two input terminals as shown below.

Generally, average input bias current is given by Is = (Is1 +182)/2 and the difference is
called input offset current, i.e. lios = | Is1 - Ig2|.

o Output offset voltage for closed loop configuration due to input bias current:

Referring fig (b)
Vos(Ig) = RaxlB1 ... (D)

So, ifR2y Vel Then: Gain (-R2/R1) 4
if R2 T Gain T Then: Vos T
Where Vos = Output offset voltage.
o Reduction of output offset voltage due to input bias current:
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This method consists of introducing a resistance Rs in series with the non-inverting
input load as shown below.

R2
NN
Ry Ry
Jf* Vo
— e
Rs + Rs .
Viz = -1g2R3

Fig: Reduction of Output Offset Voltage due to Input Bias Current by Adding
Series Resistance Rz With Non-Inverting Input Load

.. Total output offset voltage (Vos) = Offset due to Vi1 + offset due to Viz
i.e. Vos = Vi1(-R2/R1) + Vi2(1+R2/R1) = -181R1(-R2/R1) + (-182R3)(1+R2/R1)

Putting Vos = 0 and assuming le1 = Is2 = I, then:

0 = IgR2- IsR3(1+R2/R1)
i.e. Rs = R2/(1+R2/R1) = R1R2/(R1+R2) = R1// Rz
: Rs =R1// Rz

Where R3 is called a compensation resistor.

Examples

1. Calculate the output offset voltage due to 300nA of bias current. How can you reduce
this offset voltage?

10K

100K
NN

<>

Fig (a) Fig (b)

Solution:

Given; Is =300 nA, i.e. Is1 = Is =300 nA; R1 = 10K and Rz = 100K

a) Vos(Ig) = Ra.Is1 = 10010%x300x10° = 0.3 mV

b) In order to reduce this offset voltage, an external resistance Rs should be connected
in series at terminal-2, for which Rs = R1//R2 = 10K//100K = 9.09K

Now, the resulting circuit will be as give in above fig (b).
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Note: We have, Rz = Ri//Rz2 (only for Is = Is1 = Is2). If Is1 # Is2; it should be noted that
inserting Rs in terminal-2 cannot nullify the offset voltage but in this case output offset
voltage is given by: Vos = los.R2 = |Is1— I2|.R2

2. Given Is=80nA, IOS = 10nA, R1= 10K and Rz = 100K (Note: Is2>Ig1)
Find:
a) Optimum value of compensation resistor.
b) Offset voltage with compensation resistor.
c) Offset voltage without compensation resistor.

Solution:
Since, Is = (Is1 + 182)/2 = Ig1 + Ig2 = 80x2 = 160 .. (1)
And los = |lg1- Is2| =| Is2- Ie1| =10 ... (ii)

Solving I and I1, we get: Is1 = 75nA and Is2 = 85nA

Now,

a) R3=R1/R2 = 10K//100K = 9.09K

b) Vos = los.R2 = 10x10°x100x10° = 1mV

¢) Vos(without R3) = Is1.R2 = 75x10°%x100x10% = 7.5mV.

e Input Offset Voltage

Another input phenomenon that contributes to output offset voltage as an internally
generated potential difference that exists because of imperfect matching of the input
transistors. This internally generated potential difference is called input offset voltage. In
another words, input offset voltage can be defined as the voltage required to supply
through the input to make the output offset voltage zero.

Offset Free
Input Offset Op-Amp
Voltage

Fig: Demonstration of
Input Offset Voltage

The effect of this voltage can be analyzed by modeling op-amp as shown in above figure.
It consists of a dc source of value Vies placed in series with the input load of an offset free
op-amp.
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o Output offset voltage of a closed loop op-amp configuration due to input offset
voltage.

Here; R

i1 =i2and V1 = Vios \
iz

i1 = -V1/R1 = -Vies/R1 R:
. % — Vos
Again; T e
. Offset Free
Vos = V1—12R2 ﬁ N /{ODAmP
= Vios — I1R2 — Vios
= Vios + Vios.(RZ/Rl) Fig: Demonstration of Output Offset Voltage of Closed

Loop Op-Amp Configuration Due to Input Offset Voltage

.Vos = Vios{1+(R2/R1)}

Hence; total offset voltage is given by:
Vs = Offset voltage due to i/p bias current + Offset voltage due to i/p offset voltage

I.e. Vios = I81.R2 + Vios{1+(R2/R1)}

This is the case when compensation resistor is not used. When compensation resistor R3
is used, then: Vies = los.R2 + Vies{1+(R2/R1)}; Where, Rs = Ri/R2

Examples:

1. Given: R1 = 15K, R2 = 75K, Is = 100nA, los = 20nA, Vies = 0.5mV. Find Vs when;
a) Compensation resistor is used under the assumption of i) Is1>lg2, ii) Is2>Isa1.
b) Compensating resistor is not used as i) Is1>Isz, ii) Is2>1s1.
c) Find Rs ie; compensating resistor.

Solution:
a) When Rsis used:

Vost = los.R2 = 20x10°x75x10° = 1.5 mV
Vos2 = |os.{l+(R2/R1)} = 0.5(1+75/15) =3mV
Vios = Vos1 + Vos2 = 3 + 1.5 = 4.5 mV (for both case i and ii)

b) When Rsis not used:

i) If ls1>ls2
Then, los = |Ig1 - I82] = 20 NA
i.e. Ie1—Is2=20nA ...(i) and Is = (Is1+182)/2, i.e. Is1+ls2 = 200nA ... (ii)
Solving i and ii, we get: Is1= 110nA and Is2 = 90nA

Now; Vies = Vost + Vos2
= Is1.R2 + 3mV
= 110x10°%x75x10% + 3mV = 11.25 mV
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i) If Isi< Ig2
Then, from similar calculation we get: Is1 = 90nA and Is2 = 110nA

. Vios = Vos1 + Vos2
= |g1.R2 + 3mV
= 90x10°x75%x10°% + 3mV = 9.75 mV

c) Compensation resistor, Rs = R1// Rz = 75K // 15K = 12.5K

Equivalent ModebhofiRractical Op-Amp

e

lem| < op

2 icm

. Ro Vo

Vig iia Rig
AVy
lem | < 2Riem
2 —
LT
Fig(a): Equivalent Model
of Practical Op-Amp
R, R>
[ 1>
kn| =R
2 cm
Ry Ry
I’VW g«m v. T
Ro Vo Ro Vo= AViq
lig Rig o Vie < Rig "+
- I =
Vin AVq4 Vin + AVig
iun iin
ICJ 2Ricm
2
LT
Fig(b): Before Considering Fig(c): After Considering
Assumption Assumption
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Legends:

Ricm = Common mode resistance between terminal and ground
icm = Common mode current

Ria = Differential resistance between two terminal.

lia = Differential current.

A = Open loop gain of op-amp

Ro = Output resistance of Op-amp

For input resistance of non-inverting configuration: R1 << Ricm
i.e. Ro~ 0 and 2Ricm >> Rid

Therefore, input impedance of non inverting configuration is very high while that of inverting
configuration is very low.

; - _ R
Referring fig:c) V; = e X Vg
If —L_ = then: Vi = BVo ...(i
AR, :V1=BVo ...(1)
From loop |
Vin = 1inRig—=V1 =0 i.e. Vin =Vig + V4
Now;

Rin = Input terminal resistance = input voltage/input current

i.e. Rin = Vin/iin
ie R = ViatVi _ ViatVi _ Via#BVo _ Via+PAVia _ (1+ABVig _ (1+AB)
in iiq Via/Rid Vid/Rid Via/Riq VidaRiq Riq
. 1+A
I.e. Rjp = (1+48)
Rid

Output Impedance of Closed Loop Op-Amp

To find output resistance, input sources are made short and grounded. Applying a test voltage
at output resistance, Rout = Vx/Ix.

Let us assume, Ricm —o0 and Rid >> R1 i.e. Ris/[R1=R1

Now:;

R
Vl = 2
R1+R;

XV, =BV, ieV, =BV ..G3

At junction ‘O ix =11 +1i2 .. (ii)
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But:
= =Y
1 R1//Rig+R> R1+R;

and

Vx—AV Vx—A(0-V Vx+AV Vx+ABV. \%
12:x d _ Yx ( 1):x 1_ ¥x BX:_X(1+AB)
Ro Ro Ro Ro Ro
R,
Ry
WA ; i
v Ro iz | ix
id Rig T+
LOW | = °
Vin AVig Vil
I
Fig(c): Output Impedance of
a Colsed Loop Op-Amp
ix=i1+1I2
. . Vi Vy 1 (1+AB)
l.e. Ix = +—=0+Ap) =V, +—
X T Ry+R, Ro( B) X{R1+R2 R, }
i e iy 1 (1+AB)
' Vy Ry+Ry R,
. 1 1 1
l.e.

Rout  Ri+Rz  Ro/(1+AB)

ie. Rour = (Ri +R2)//{Ro/(1 + AB)}

If gain is high then: Ro/(1+AB) becomes low.

. 1
1.e. m > (Rl + Rz)

So, for parallel case;Rqyut = Ry /(1 + AB)
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Common Mode Rejection Ratio (CMRR)

The operational amplifier basically operates to amplify the difference between the signals
applied across its two terminals i.e. it is intended to operate in differential mode. So, when
input terminals are tied together, the output voltage should be ideally zero but due to some
imperfections within an actual op-amp, some common mode voltage will appear at the
output. The ratio of output common mode voltage to input common mode voltage is called
common mode voltage gain.

Vocm

|e ACM -

Viem

Now;
CMRR is defined as the ration of differential gain Ad¢ to common mode gain Acm.

Aq

i.e. CMRR =
Acm

Since, Ad >> Acm, CMRR is very high, so it is expressed in dB.

Aq

i.e. CMRR = 20 log(—-)dB

Acm

Typically CMRR ranges from 80dB to 100dB. The op-amps with high CMRR will be least
affected by noise signals, that are common to both terminals because of higher ability to
reject the common mode signals.

e OQutput voltage in terms of CMRR

Since, Output voltage = Output voltage due to differential mode + Output voltage due
to common mode

H Acm Vicm — 1 ‘llﬂ
1.e. VO = AdVd(1 + A_dV_d) = AdVd(l ar CMRR® Vg4 )

Where;

Aq = Differential Gain

V4 = Differential VVoltage

Acm = Common mode gain

Viem = Common mode input voltage

Example

The input terminals of an op-amp are connected to voltage signals of strength 745 pV and
740 pV respectively. The gain of the op-amp in differential mode is 5x10° and its CMRR is
80 dB. Calculate the output voltage and percentage error due to common mode.
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Solution
V4 = |V2 — V1| = [740-745| = 5x10° V
Ad =5x10° and CMRR = 80dB

. _ 1 Vlﬂ _ 5 -6 1 Vicm
As: . Vo = AqVa(l + g 5% = 5x10° X 5x1078(1 + ez o)

Where, Viem = Vem = (740+745)/2 = 742.5 pV and

(CMRR)ss = 20log(CMRR)
ie. 80  =20log(CMRR)
ie. CMRR =10

1 742.5x107°
104" 5x1076

-V, = 5x105 x 5x1075(1 + ) = 2.537V

Output Voltage due to common mode

%-age error = x 100

Total Output Voltage

— VemXAcm
2.537

X 100

Vem* ol
= —ITEHRR ¢ 1
2.537

5
742.5x220

_ 104 — 0
= Tt37 X 100 = 1.46%

Power Supply Rejection Ratio (PSRR)

PSRR is defined as the ration of change in output voltage to change in power supply.

i.e. PSRR = Yo
AVg

PSRR is considered as the measure of ability of op-amp to ignore changes in power supply.
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