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Lecture — 17
Operational Amplifier Characteristics Contd.

Welcome to this module and in this module, we will see some more characteristics of an
operational amplifier. Until now, we have seen few characteristics of an operational
amplifier including the block diagram of an op-amp. And we have also solved one

problem related to the input bias current and input offset current.

So, here let us see few more characteristics of operational amplifier and that will be the
end of this particular module. And then we will continue the circuits of op-amps in the

next lecture.
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- e Rt Singling Avsamptios

The current drawn by either of the input terminals (inverting or noninverting) is zero. In reality, the current drawn by the input

terminals is very small, of the order of A or nA. Hence the assumption of zero input current is realistic.
—— T T N em—

Vntual Gound:

This means the differential input voltage V; between the non-inverting and inverting input terminals is essentially zero. This is
obvious because even if input voltage is few volts, due to large open loop gain of op-amp, the difference voltage V, at the input
terminals is almost zero.

Example: If o/p voltage is 10 V and the Ay i.. the open loop gain is 10 then
VQ=V(’AOL
V= Vo/Avr'__'a_"T
Vy=10/10*=1mV

_1-

Hence V,is very small. As Ay => oo, the difference voltage V, =» 0 and realistically assumed to be zero for analyzing the
circuits.

V= Vo/Ag, =+ (ViVy) =Vy/ =0
Therefore, V,=V,

So, if you come to the screen; what we see here is realistic simplifying assumptions.
There are few assumptions that is realistic and we will assume something; the first one is
0 input current. So, what is it? The current drawn; this is what we are assuming as far it

is realistic and simplifying assumption.

The first assumption is the current drawn by either of the input terminals inverting or non

inverting is 0; these are first assumption. That the current drawn by either of the input



terminals, so when we say either of input terminals means we had two terminals
inverting terminal. non inverting terminal and we have output terminal. What we are

assuming is that the current drawn by inverting or non inverting terminal is 0.

In reality, the current drawn by the input terminal is very small that we have seen. While
understanding input bias current; input offset current, we saw that there is a very small
current that flows in the inverting and non inverting terminal; which is order of

microamps to nanoamps, hence the assumption of 0 input current is realistic.

Second and the most important concept in op-amp is the virtual ground; what is virtual?
Virtual means not real. So, what is it? This means that the difference in input voltage V d
between the non inverting and inverting input terminal is essentially 0. This is obvious
because even if input voltage is of few volts; due to large open loop gain the difference

of voltage V d at the input terminal is almost 0.
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il Rt Sintjing Auanptins

The current drawn by either of the input terminals (inverting or noninverting) is zero. In reality, the current drawn by the input
terminals is very small, of the order of pA or nA. Hence the assumption of zero input current is realistic.

Vintual, Ground':
This means the differential input voltage Vi, between the non-inverting and inverting inpuys terminals is essentially zero. This is
obvious because even ifinput voltage is Tew volts, due © arge open loop gain of og-amp, the difference voltage V, at the input

terminals is almost zero.

—
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Example: IfO/pvoltagel; 10V and the Ag i.e. the open loop gain is 10° then \/J 9 +4 =
"'-J> v0=VdAOL
Vy=Vo/Ag,
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Hence V,is very small. As Ay => oo, the difference voltage V, =» 0 and realistically assumed to be zero for analyzing the
circuits i

V= VolAg, = (ViVy) =Vy/ =0
Therefore, V;=V,

So, the differential voltage V d; V d will be what? V d would be V at non inverting minus
V at inverting; it is a differential voltage. We assume that the differential voltage is
essentially 0; if this is essentially the 0, then this is obvious because the input voltage

even if it is few volts; due to large op-amp the difference of voltage V d will always be 0.

Let us see an example if a output voltage is 10 volts and A OL; that is open loop gain is

10 raised to 4, then what we can write? V o equals to V d into A OL; V o is an output



voltage, V d is a difference voltage. So, is from here V d will be V o upon AOL or Vd
will be very small which is 1 millivolt. Now hence V d is very small as A OL is infinite
see for 10 raised to 4, you can get V d of 1 millivolt. But if I increase to 10 raised to 5; if
I increase to 10 raised to 6, if I go on increasing 10 raised to infinite, then what will

happen? or infinite tension for infinite; infinite.

What is this value? These are the values of open loop gain; if I keep on increasing the
open loop gain, my V d will come near to 0, my V d will come approximately equal to 0.
So, the point that we are making here is that the difference voltage V d is 0 and realistic

assumed to be 0 for analyzing the circuits.
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Goo Toput (uvant; Realistic Simplilying Assamptions

The current drawn by either of the input terminals (inverting or noninverting) is zero. In reality, the current drawn by the input
terminals is very small, of the order of pA or nA. Hence the assumption of zero input current is realistic.

Vntual Groued:
This means the differential input voltage Vi between the non-inverting ar]_(mw terminals is essentially zero. This is

obvious because even i input voltage is Tew volts, due © arge open loop gain of og-amp, the difference voltage V, at the input
terminals is almost zero.

—

Example: If o/p voltage is 10 V and the Ay i.e. the open loop gain is 10* then % = \/cl / OL
— —
Vo=Vyho, \/ /
V,=Vy/Ao, J = V0 A°L
Vy=10/10%= 1 mv VJ 5 /oV/lol' - [,,,\/(

Hence Vyis very small. As Ay =+ o, the difference voltage V; =+ 0 and realistically assumed to be zero for analyzing the
circuits. o

Vg=VolAg, = (VV) =V 22 =0
Therefore, V;=V,

So, if I have this particular equation which is very easy to understand that the output
voltage is nothing, but difference of the input voltage; V d into open loop gain A OL. So,
if I want to have V d, then V d is nothing, but V o divided by A OL. Now in this
particular case our output voltage is given, our open loop gain is given; that means, we
can have V d equals to output voltage is 10 volts divided by open loop gain is 10 raised

4; which gives us answer of 1 millivolts.

Now, V d is very small and as A OL goes towards infinity; the difference voltage V d will
become 0 and the realistically assume 0, for analyzing the circuits that so; that means,
that this is also realistic simplifying assumption saying about the virtual ground let us

further see.
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The current drawn by either of the input terminals (inverting or noninverting) is zero. In reality, the current drawn by the input
terminals is very small, of the order of pA or nA. Hence the assumption of zero input current is realistic.

Yintual M.'
This means the differential input voltage V,; between the non-inverting and inverting inpys terminals is essentially zero, This is

obvious because even ifinput voltage is Tew volts, due © arge open loop gain of og-amp, the difference voltage V, at the input

terminals is almost zero.

—
Example: If o/p voltage is 10 V and the Ay i.. the open loop gain is 10° then \/ o \/:t' —-\/_..
———— g J
VO=V(‘AOL
Vy=Vo/Ag, \/J: 4
} V= 10/ 10%= 1 mv vy 5V
& Vi
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Hence[V,is very small.JAs Ay => oo, the difference voltage V, =» 0 and realistically assumed to be zero for analyzing the
e —————————
circuits. o A—_—

Vy=V, (ViVy) =V /20 =0
-——

Therefore, V,=V,

So, if I put infinite as A OL value my V d will become 0; therefore, if V d is 0; if V d is
what? V. d is V I minus V 2 or in another way I can also write V d is nothing, but a
voltage in non inverting terminal minus voltage inverting terminal. If T have V d equals
to 0; that means, my voltage at inverting terminal should be equal to voltage at non

inverting terminal; this much is easy.

(Refer Slide Time: 06:49)

Thus we can say that under linear range of operation there is virtually short
R, R

circuit between the two input terminals, in the sense that their voltages are

— W—— - ]
= Yo < NG CUTTent flows 1rom the nput terminals to the ground.
—
1=0 The double arrowed line indicated virtual short circuit between the input
Vi & virtual short F

J'_ Now if the non-inverting terminal is grounded, by the concept of virtual short,
the inverting terminal is also at ground potential, though there is no physical
Concept of Yitual Ground, in op-aomp connection between the inverting and the ground. This is the principle of

virtual ground.
Thus we can realistically assume that the voltage at the non-inverting terminal of the op-amp is equal to inverting terminal.




So, if that is the case what we can say that? Thus we can say that under the linear range
of operation, there is a virtual short circuit between two input terminals. In the sense that

the voltages are same and no current flows from input terminals to the ground.

So, if [ draw a circuit and if I have ground here then this terminal minus and plus; let us
say this is V minus, this is V plus then this is at virtual ground because this is ground,
that is what we have understood until now. Because if my gain is different; then I will

have different value of input voltage, but difference voltage V d.

(Refer Slide Time: 07:46)

Thus we can say that under linear range of operation there is virtually short
R, R

circuit between the two input terminals, in the sense that their voltages are

A ] ‘SaTTTe, N0 current ffows from the input terminals to the ground.

1=0 The double arrowed line indicated virtual short circuit between the input
terminals.

Yy Virtual short

“

Now if the non-inverting terminal is grounded, by the concept of virtual short,
the inverting terminal is also at ground potential, though there is no physical
Conceptof Votual Ground, i ofp-amp connection between the inverting and the ground. This is the principle of
virtual ground.
Thus we can realistically assume that the voltage at the non-inverting terminal of the op-amp is equal to inverting terminal.

But if my gain is infinite, my V d will be 0 and if V d is 0; that means, my non inventing
terminal is same at inverting terminal. If inverting terminal is grounded non inverting
also grounded; that means, it looks like we are virtually shorting the two ends of the op-

amp; two input terminals of the op-amp.
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Thus we can say that under linear range of operation there is virtually short

circuit between the two input terminals, in the sense that their voltages are

SaTTTe. O current fows from the inals to the ground.

The double arrowed line indicated virtual short circuit between the input
terminals.

Now if the non-inverting terminal is grounded, by the concept of virtual short,
the inver‘[in;gl terminal is also at ground Eo’tential, thouah there is no physical
connectiol etween nverting an e ground. IS Is the principle of

virtual ﬁround. ey
Thus we can realistically assume that the voltage at the non-inverting terminal of the op-amp is equal to inverting terminal.
—

So, this circuit what you can see here; inverting, non inverting; this is R f, this is R 1, this

is current, ground.

Now, what we are saying is; this particular terminal will be similar to this terminal
because of the concept of virtual ground; this is what circuit is. So, there is a virtual
short; now if the non inverting terminal is grounded, by the concept of virtual short;
inverting terminal also is at ground potential. Though there is no physical connection
between inverting and the ground; you see, is there any physical connection like this?
Like this? No right? There is no physical connection or wire there connecting inverting

and non inverting terminal.

So, now if the non inverting terminal is grounded; if this terminal is grounded then by the
concept of virtual short the inverting terminal is also ground potential; though there is no
physical connection between the inverting and the ground. As there is no physical

connection between inverting terminal and ground; this is also called virtual ground.

Thus we can realistically assume that voltage at the non inverting terminal of the op-amp
is equal to the voltage at the inverting terminal. Why? Because my V d would be 0
because my V non inverting and V inverting voltage are same. Suppose this is X; this is
also X and V d is nothing, but V plus minus V plus minus; V minus X minus X; same

value; so this will be 0. So, my answer is 0; if this is a 0; that means, [ am assuming that



V plus and V minus are connected. If V plus is grounded, then V minus is also called

virtual ground this is the concept of virtual ground.

That means, that we can realistically assume that the voltage at the non inverting
terminal of the operation amplifier is equal to the inverting terminal. So, this is what is
your virtual ground; now I hope that you guys can understand what we mean by virtual

ground.
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+ Differential mode gai
+ Itis the factor by whitch the difference between the two input signals is amplified by the op-amp

'_Vu =7 (Vy-Vy)
A7= Gain with which Differential Amplifier amplifies the difference between two input signals. Hence it is also
called Differential gain. -2 4,!
- 2~
ST g ) VA Vs AGD
0 Vs v

+ Common mode gain 4, = A ¢ D
+ Itis the factor by which the common mode input voltage is amplified by the op-amp o __‘] -
What does it mean? \ 0 =

- A
-

If we apply two input voltages which are equal in all the respects to the di a%mpliﬁer ie. V,=V, than

ideally the output voltage V, = A, (V,-V,), must be zero. N',) :

But the output voltage of the practical differential amplifier not only depends on the diff¢gence voltage but also
depends on the average common level of the two inputs. Such an average level of the twp/input signals is called
common mode signal denoted as V..

Vo= (Vi#V,y)/2

Practically, the differential amplifier produces the output voltage proportional to such common mode signal
also. The gain with which it amplifies the common mode signal to produce the output is called as common
mode gain of the differential amplifier denoted as A,

+ Total output of a differential amplifier can be expressed as V, = A;V, + A, V.

So, let us see some other characteristics; let us see other characteristics of operational
amplifier. Let us see some more characteristics of an operational amplifier; starting with

differential mode gain. So, what is differential mode gain?

Differential mode gain is given by A d; gain is a differential mode that is why d; then we
have a symbol A d for differential mode gain. What is it? It is a factor by which the
difference between two input signal is amplified by the op-amp. So, if my V o equals to
A dinto V 1 minus V 2; A d is gain with which differential; amplifies the difference

between two input signals and it is also called differential gain.

That is if [ have V o; I am writing the same equation A d into V 1 minus V 2. In this case
my V 1 is 2 volts, V 2 is 1 volt; then my V o would be nothing, but A d into 2 minus 1,
that is A d into 1 and what is my A d? Whatever my gain of A d would be there; my



difference voltage would be amplified by that particular gain and that is why A d is called

differential mode gain.

Easy? So, now, we know what do you mean by differential mode gain? Concepts are
really easy. If you really think what we are looking at; is we are just at some equations
which are so, simple to understand. So, when you talk about differential mode gain; you
can easily see, it is a difference of voltage and we are amplifying the differential and that
is why it is a differential mode gain. So, now let us see the another concept which is the
common mode gain. So, when we see common mode gain; you will see a little bit

different than compared to differential mode gain.

So, if you see common mode gain on the slide; what we see? That it is a factor by which
the common mode input voltage is amplified by the Op-amp; it is a factor by which the
common mode; this word very important, input voltage common mode input voltage is
amplified by the operation amplifier. So, what does it mean? If we apply two input
voltages, which are all in equal respects to the differential amplifier; which are equal in
all respects, then V 1 equals to V 2 So, that will give us; we have this one V o equals to A

dinto V 1 minus V 2.
(Refer Slide Time: 14:21)

Osenational Amplifions Qharactovitics

+ Differential mode gain 4,
+ It is the factor by which the difference between tVQ input signgls is agvliﬁed by the op-amp

~ v~V
2 -\
T="Gam with which Differential Amplifier amplifies tHe difference between two input signals. Hence it is also

d

called Differential gain. \/I - \(L :> \/0: A J Cd)

+ Common mode gain 4, —— -
+ Itis the factor by which the common mode input voltage is alhpﬁi-by the op-amp VD * O
What does it mean? ~— —EEm— AN ———

If we apply two input voltages which are equal in all ﬂ respectg td[the differential amplifier i.e. V,=V, than
ideally the output voltage V, = A (V;-V,), must be zerg./ =% £ L /O

But the output voltage of the practical differential ArrpHffeT nét on the difference voltage but also
depends on the average common level of the two#fiputs. Sugh arfaverage level of the two input signals is called
common mode signal denoted as V.. A \/ C v +V J /
¢ : 1‘
eV e Sk

Ve = (Vi+V,)/2
———

Practically, the differential amplifier produces the output voltage progorﬁonal to such common mode signal
also. The gain with which it amplifies the common mode signal to pro the output is called as common
mode gain of the differential amplifier denoted as A,,.

+ Total output of a differential amplifier can be expressed as V, = Ay V, + A, V.

If I say I am applying V 1 equals to V 2 that is why voltage is area same at the input of
terminal that implies that my V o is nothing, but A d into 0 or V o is nothing, but 0

because V 1 is equal to V 2; correct? Because V 1 equals to V 2; my output voltage will



be 0; this is what we are saying that if we apply two input voltages, which are equal in all

respects to the differential amplifier then my output voltage must be 0.

But the output voltage of the practical differential amplifier not only depends on a
difference voltage, but also depends on the average common mode level of two inputs
you see. So, it does not only depends on differential voltage, but also depends on the
average common mode level of input; such as average low level of two input signal is
called common mode signal, denoted by V c. So, if | want to know the common mode

signal this is nothing, but average of V 1 plus V 2 by 2.

Practically the differential amplifier produces the output voltage proportional to such
common mode signal also. The gain with which, it amplifies the common mode signal to
produce the output is called the common mode gain of the differential amplifier denoted

by A cm. So, what does it mean?

That when we take amplifier and we insert the amplifier in the circuit; then what we see
is that the output voltage is proportional to such common mode signal. So, it is also
proportional to V ¢ and the gain with which it amplifies this V ¢ is called my common
mode gain. Either I say A cm; I can also say A c¢; common mode gain; this is common

mode voltage; Vcor Vcm.

So, now let us read once again the sentence and we will understand what does that mean?
Practically, the differential amplifier produces the output voltage proportional to such
common mode signal; the gain with which it amplifies the common mode signal to

produce the output is called the common mode gain A cm.
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Otenational Amplifiers Qharactovistics

+ Differential mode gain 4,
« It is the factor by which the difference between tVo input signgls is axgliﬁed by the op-amp

AV, =AY =t g Y- V-'L)
= Gamn with which Differential Amplifier amplifies tffe difference between two input signals. Hence it is also

called Differential gain. \/l - ‘{L :> \/0: A J Cd)

+ Common mode gain 4, —p— ~
+ It is the factor by which the common mode input voltage is ampm-by the op-amp VD = O
TR NN\ ——

What does it mean?

If we apply two input voltages which are equal in all the respects to the differential amplifier i.e. V,=V, than
ideally the output voltage V, = A, (V;-V,), must be zero.

But the output voltage of the practical diffprential amplifier not only depends on the difference voltage bjt also

depends on the average common level of the \wo igfputs. Such an avge level %e two W signals i§ called
. /44 (1t AemVem

common mode signal denoted as V..

Ve = (Vy#V,)/2

Practically, the differential amplifier e output voltage proportional to s signal
also. The gain with which i ifies the cux_mﬂgr_l_@dﬂmnaun produce the output Is called as common
_

mode gain of the differential amplifier denoted as A,
+ Total output of a differential amplifier can Be expressed as V, = Ay Vy + A, Vo

i

So, now my V o will not only depends on A d; V 1 minus V 2 is what? V d plus it will
also depend on A cm and V cm. Now it will depend on the common mode gain and the
common mode voltage. So, my new formula for output voltage will be A d, V d plus A

cm, Vcm.

(Refer Slide Time: 17:36)

Common mode rejection ratio CMRR
The ability with of a differential amplifier to reject common mode signal is expressed by a ratio
called CMRR.
—

CMRR = [Ay/ A a it = /AJ/@]

— e —

Ideally the common mode voltage gain is zero, hence the ideal value of CMRR is infinite.
o —_——

For practical differential amplifier Ad is large and ACM is small hence the value of CMRR is also very

large. i

Many a times, CMRR is also expressed in dB, as: CMARE od)

CMRR = 20 log| Ag/ A A =4
—

Vo= AV + AV, CIRR, = /AJ/O.,.;)

=AgVall +Ag Ve [ AgVil
= AVall + 1/ (Ag/ A (Ve Vol crir = _H'O‘IL bir 0k 20

This equation explains that as CMRR is practically very large, though both V, and V, components
are present, the output is mostly proportional to the difference signal only. The common mode
component is greatly rejected.

So, in this particular case; I will use this common mode signal, I will use the common
mode gain, differential gain; to understand a very important property which is called

common mode rejection ratio; a very important term for an operation amplifier. The



ability of a differential amplifier to reject common mode signal is expressed by a ratio

called common mode rejection ratio.

Because we do not require common mode signal, we only require the differential signals
A d; V d, this is what we require. See in equation; what we have written? A d; V d plus A
cm, V cm; V o equals to this one, but in reality common mode signals; we do not want

common mode signals, we only want the differential signals.

So, if I know the ratio; there are differential amplifier can reject the common mode signal
by a ratio called CMRR CMRR; Common Mode Rejection Ratio, it is given by mode of
A d by A cm; differential gain divided by common mode gain. So, ideally common mode
voltage is 0; ideally common mode voltage should not be there. So, ideally A cm should
be 0; if A cm is 0, my CMRR would be nothing, but infinite; that is what then write

ideally common mode voltage gain is 0; hence the ideal value of CMRR is infinite.

But for practical differential amplifier; A d is large, A cm is small; this ¢ m should be in
subscript, A d should be in subscript; A d should be large, A cm should be small hence
the value of CMRR is also very large.

So, practically we cannot have A cm equal to 0; practically this is not possible, but A cm
can be close to 0. Then if A cm is close to 0; let us say 0.001; then what will happen? My
CMRR would be very high; but not; it will be very high, but not infinite.

So, CMRR is also many times expressed in decibels and CMRR is nothing, but 20 log A
d by A cm. This is a value when we had to go express in decibels. So, now if V o equals
to Ad, Vdplus Acm and V ¢ m; if | keep common A d; V d, then finally, I will get
equation which his similar to this. This equation explains that a CMRR is practically
very large though both V ¢ and V d components are present; you can see V d and V c are
present, still this CMRR is very less; the output is mostly proportional to the different

signal only and common mode component is greatly rejected.
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Exercise #1:

Determine the ouziut valzgge of a differential amplifier for the input voltages of 300 uV and 240 uV. The differential gain
of the amplifier is and the value of the CMRR is i) 100 and ii) 10° —

gl I,
i) CMRR = 100 \L —> \/O= AJ_]/‘.J + %

V= (V,-V,) = (300 - 240) 4V = 60 4V ol
V, = (Vy#V,)/2 = (300 + 240)2 1V = 270 4V \/' - 30 oJA\/J \{L: ‘z-l‘ v
CMRR = A/ Ay,
S o A Svoo
100 = 5000/, Ve adVE
— N oz o0
Vo = AgVg + AV, = 5000 x 60 + 50 x 270 = 313500 4V = 313.5 mV )
i o i ) §
i) CMRR = 105 1) Cenz 10
a—
Aun = Aq/ CMRR = 5000/ 105 = 0,05 - ﬂ
s ge i v, = AV
V, = AgVy + Ay V, = 5000 x 60 + 0.05 x 270 = 300013.5 4V = 300.0135 mV/ = Svoo X o MV
e 2

—
Ideally A, must be zero and_output should be only AqV, which is 300 mV. It can be seen that higher the value of CMRR, theoutput is
almfmm difference voltage V4, rejecting the common mode signal. b
= Robrs

D—

Now, to understand whatever we have told about CMRR; we have to solve some
problem, then we will understand how CMRR is important? So, let us perform one
exercise and that exercise is; we have to determine the output voltage of a differential

amplifier.

So, what is said? That you determine the output voltage of differential amplifier; so, V o
is nothing, but A d, V d plus A cm into V ¢ m; we know this formula. Now, we are given
input voltages; this is input voltage 1, input voltage 2. So, we are given V 1; 300
microvolts, we are given V 2; 240 microvolts; the differential gain of the amplifier is

5000; so, we know that A d is also given; 5000.

Now in the value of CMRR; so, for two values we have to calculate; first one, first value
is given as CMRR equals to 100. Second value is given as CMRR equals to equal to 10
raised to 5. So, for the first one CMRR equals to 100 V d is what? V d is nothing, but V 1
minus V 2. So, we will substitute V 1V 2; so, we get V d which is 60 microvolts.

What is V ¢? Vcis V 1 plus V 2 by 2; we substitute 300 plus 200 by 2; we get 270
microvolts. What is CMRR? CMRR is A d by A cm; so, we have CMRR for 100; A d we
have 5000, by A cm. From here what we will get? We will get A cm equals to 50; now

what we know? We know V d, we know V ¢ m, we know A cm.



So, let us substitute this value is in V 0; so, V o will be Ad; V d plus A cm, V c. So, what
is Ad? A dis 5000 here; given here 5000, then 60; 60 is what? My V d plus what is my A
cm? 50; what is my V ¢? 270. When I solve this; what I get? 313.5 millivolts; this much

is easy.

Now let us do the same calculation with CMRR equals to 10 raised to 5. When CMRR is
equal to 10 raised to 5, what will be my answer?. So, for CMRR equal to 10 raised to 5 A
cm equals to; you know that equation? CMRR equals to A d by a ¢ m, so A cm would be
nothing, but 0.05.

If I substitute this value; again in this equation rest of the things remain same; only my
CMRR is 10 raised to 5. So, my A cm would change; in this case when I substitute the
value; same value, same value, this is new value; 0.05, this is same value like previous
example. So, what we have? Our value is 300.0135 millivolts. Here what was the value?

313.5 millivolts, here we have 300.0135 millivolts.

Now if I see; ideally A cm must be 0 and output should be equal to A d; V d only. So, if
just say; ideally my A cm, V ¢ m should not be there and my V o should be nothing, but
just A d into V d; this is ideal situation.

What is A d? Let us see A d; where is A d? 5000; 5000 into V d; what is V d? V d is 60
what is 60? 60 microvolts. So, my answer would be 300 millivolts. This is the ideal
situation; when [ have A cm, V ¢ m is not there because common mode signal should be
0; this is the ideal situation my output should be 300 millivolts. Now you see, which

value we obtained; which output voltage is close to 300 millivolts, whether it was a

CMRR equals to 100 or it was CMRR equals to 10 raised to 5.

We will see that when you use CMRR equal to 100; my output voltage that we got was
313.5; my output voltage should be close to 300 millivolts, but when I use CMRR equal
to 10 raised to 5; my output was 300.0135, which is close to 300 millivolts. That means,

what I see is; if [ keep on increasing CMRR, my output is close to my ideal value.

Guys, so for this particular module; we will stop here now you know how to use the
CMRR? And what are the common mode gain? What are the differential gain? What are
common mode voltage? What are differential mode voltage? We have seen an example;

now if somebody ask you in a exam or in a viva; that if what should be the CMRR? It



should be high? It should be low? Then you can you can answer very easily, the CMRR
is a common mode rejection ration and it is given by differential gain by common mode
gain. And CMRR is exploited to be extremely high because we do not require any
common mode signal. You can also say that A as a common mode signal is low; my

CMRR would be extremely high.

If my CMRR is high; my output voltage will be close to my realistic or ideal value,
which is V o equals to A d; V d because in reality V o equals to Ad; Vd plus Acm; V¢
m, but ideally my V o would be A d into V d. So, if I do not want to consider A cm; V ¢
m in practical situation I cannot just ignore A cm; V ¢ m. So, in that case if my CMRR is
extremely high, my output voltage would be close to my ideal voltage and thus the

importance of CMRR comes into picture.

So, now you guys know how to use CMRR, you guys know how to use the; this is the
parameter this is one of the parameter of a differential amplifier or our realistic parameter
of operational amplifier. You have also seen what is virtual short; very important

parameter virtual short.

Now, in the next module we will see few more parameters of the operational amplifier.
Till then you just read once again, whatever I have taught and I will see you in the next

class. Bye.



