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Problem Solving
Lecture — 14
Examples on Instrumentation CMMR Computation

Ok. In the last few lectures, we are discussing about some of the practicing problems.
Today we will discuss some more problems on finding the CMRR of a given circuit. So,
first, 1 will find out the CMRR of a instrumentation amplifier. We have find out the
CMRR of differential amplifier. So, that time, | told that the CMRR of instrumentation
amplifier is greater than that of the differential amplifier, which is one of the advantage of
instrumentation amplifier. Today, we will derive the expression for the CMRR of
instrumentation amplifier.

Find the CMRR of the following instrumentation amplifier. See the circuit diagram
given. Basically, two voltage followers followed by a differential amplifier. This is the
output R3 R4 R3 then this Ra.

Here we are going to apply the input signal. This is R2 Rz this is R1 R1. Then here we
will be having two components one is differential signal, another is common mode
signal. This is common mode signal. This can be plus or minus; also like in previous
example, this was plus and minus. Now, | am taking minus plus. This can be of any type.

So, here | am going to apply vf voltage differential voltage another ”2—‘1 here total is vq4. So,
you have to find out the common mode rejection ratio of this circuit CMRR is common
mode rejection ratio. How efficiently this circuit rejects the common mode signal such as

the noise? If I call this signal as viy input 1 this signal as vi. this output as vo: this as voo.
So, what are the expressions for Vii, Viz, Vo1, Vo2? If | consider this vem this vz—dthis Vi1. So,

what will be the loop? This vem IS minus to plus this is vem this is, of course, grounded,
and then this vz—d is minus to plus then you have to find out this vii this is with respect to

plus and minus this is vi.

So, what is KVL? This is minus to plus this is plus to minus this is plus to minus. If | take
minus to plus as positive then this will be vem and this is plus to minus. So, v, — vz—d —
vy =02 vy =v, — vz—d whereas, to find out this, vi. So, what will be circuitry? This

Vem this vg by 2. This vi2 similar type of the circuit you can have here. So, this is now vem.



This is plus-minus, and this is minus plus, and this is connected to viz. This is vq by 2.

If | take minus to plus as positive this is plus to minus this is plus to minus this is minus
to plus. You can see here minus to plus, then minus to plus, then this is plus to minus, this
is also minus to plus this is minus to plus. If you go in this direction again, this is minus

to plus. So, what will be this minus to plus if I take as v,,, +"2—d— Vi, =02 v, =

v
Vem + 5

(Refer to the slide at 08:00)

Now | have to find out this output voltages vo1 Vo2. SO, what is vo1? You can see that this
circuit this circuit is nothing, but a non-inverting amplifier this is grounded. So, the gain
is one plus feedback resistance by input resistance. So, if | draw the equivalent circuit of
this one. So, you say positive terminal negative terminal we have these two ground these
two this and at positive terminal we have vi; this output is vo1.

You can see that this is positive terminal is vii, and at negative terminal, we have
feedback resistance R input resistance which is grounded is R1, and output is vo1 this is

R1 this is Ro. This is a standard non-inverting amplifier whose gain is (1 + %). S0, vy, =
1
(1 +%)vi1, but what is vii from the previous circuit v, —”2—‘1. So, this vy; = (1 +
1

%)(vcm —vz—d). Similarly, what about vo2? The circuitry for vo» is also similar type of



circuit.

Here at positive terminal we have vi; negative terminal R1 is grounded R> is feedback
resistance output is vo2. So, to find out R, the same circuit is there but in place of vi1, we

have viz, and this is grounded. This is vo2 R2 R1. So, vy, = (1 + 2 )vlz Now, what is the
difference between the vo, and vo1? Because this is differential ampllfler, the input that is
applied to the non-inverting terminal is vo2. So, you take the difference signal of vy, —

Vo1

The differential output due to differential signal is voz—v01=(1+ )Ulz—

(1 + )Vu =1+ )(vl2 vi1). What is vi2? IS vy, = vy, + "2—‘1 and what is vi1? v;; =

d

. . 2 .
Vem — . What is viz minus via? vem will get cancelled this becomes =< or simply va. So,

you see nothing but vq. This is vy, — vo; = (1 n %) Vg,
1

So, this will be the differential gain this is differential output differential input. So,

whatever the factor of this one is differential gain. Therefore, differential gain A; =1 +
Rz
Ry’

(Refer to the slide at 13:03)
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Then you have to find out the common mode gain to find out the CMRR. So, what is
common mode gain? This is differential output due to the differential input signal. Now,

what is the output due to the common mode signal? Is nothing, but @ this is the

(1+R1)v11+(1+R1 Vi

output. This is equal to what is vo1 is this vo2 is this 2 This is equal to

1 R2) (. y=1 Rz _va va) _ Rz

(14 Rl) (Wi +vi2) =5 (1+ Rl) (Vem =22+ v +22) = (14 Rl) Vem-

So, you will get this is simply (1 + %) Vem, Vem IS the common mode signal. So, this is
1

common mode gain. The output due to the common mode signal is equal to the common
mode signal into whatever the factor that factor is common mode gain. Therefore, the

common mode gain 4., =1 + % and what is the differential gain we have obtained is
1

also same. Therefore, the common mode rejection ratio is defined as CMRR =
20log | ;—d |20 logarithm of modulus of AD by ACM. This is equal to 20log | AA—d |. Both

are the same. So, 20log 1. So, this is simply 0dB. So, for the given circuit the CMRR is
0dB. So, this is not the good circuit. So, if CMRR is high, then it is a good circuit ok. So,
this circuit is not a good circuit for the instrumentation amplifier.

(Refer to the slide at 15:39)
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Now, I will consider the second circuit and I will find out the CMRR and | am going to
prove that the second circuit is having good CMRR. So, most of the practical applications
uses the second type of the instrumentation amplifier.

So, the next example is find the CMRR of the following instrumentation amplifier. So,
almost similar circuit with slight modification. So, this part is exactly same. This is
output, this is Rz Rs R4 R4. Here you are going to take vis, this is viz, and here, we are
going to connect a 2R resistor, 2R1 resistor.

Instead of having 2R resistors in series and in between we have a ground. Now, we have
2R resistor without any ground. The remaining connections are same. This is Ry, this is
also Rz, and here this differential signal, this is another differential signal, and this is
common mode signal. This is plus minus vem, this is minus plus minus plus, this is "z—d this

Va
2

is

Then we have already derived that this is vy; = v, — "Z—d This you have derived that

Vo2 = Uem +”2—d. But the output vo1 and vo will be different now because here the

connection has been changed. If | assume that this current is I, the same current flows
through. If this current is I, the same current flows through this, the same current flows to
this because the operational amplifiers are ideal.

So, the current through this terminal is 0, current through this terminal is 0. So, whatever
the current coming from here, so this will go to this, this will goes through this 2R3, then
the same current will flows through this R> resistor, here current is 0. So, now, what will
be expression for voi, Vo2? For that first, 1 will find out current i. This is the direction of
the i. So, this voltage is nothing but Vo1.

The second assumption of the ideal operational amplifier, the voltage at non-inverting
terminal is equal to voltage at the inverting terminal. So, this is vo1 means this is also Vvoz.
So, the voltage at non-inverting terminal of second operational amplifier is vo2, means the
voltage at inverting terminal also vo2. Now, this is the current, this is voi, this is voy,

direction of the current is from vor to vo2. SO, what is expression for i = %
1

Now, knowing this vo1, how to find out? This is vi1, Vi, this is Vo, this is input currents.
So, this is v;; — v;,. So, to find out vor from vi1, so what is the KVL? This is vi1, and this
is plus to minus, and this vi is with respect to this, this is plus with respect to ground, this
is with respect to ground. So, this is something like we have this vii with respect to
ground, this is viz plus minus, then we have the resistor, then you are going to take the
output here with respect to ground, this is plus minus and the direction of this current



here is this means this is plus, this is minus, this is Rz, this is voy, this is vi1. So, what is the
relation between the viz, Vo1 and R2? Minus to plus if | take as positive, so vii and this is
also minus to plus. So, the current is v;; + iR, — vy; = 0 = vy; = v;; + iR,. But what
. S0, Vg, = vy + (%)RZ, what is Vi1? Ve, — =% What is via minus

"Z_d_ p— "Z_d = —vy. So, implies what is vo1

is 7 = 2020z
1
Vi2? Vit is this one. So, v;; — vy, = Vg —

. . R
final expression? vg; = vem — =% + = (=)
1

(Refer to the slide at 23:39)
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And if you take this vz—d as common, this is vy, = vcm—vz—d(1+§—2). This is one
1

expression for vo1. Similarly, how to find out the expression for vo2? So, you can consider
now this path, this resistance, this current, this is vi> and this is vo2. So, if | write a similar
type of the circuit here, vi2 R2 Voz, Voz, this is viz passing through the circuit Rz, and here
we are taking the output with respect to ground plus-minus this is voo.

And what is the direction of the current in this R.? This is the direction of the current

from viz to Voo, this is | means this is plus this is minus. So, what is the relation between

Vi Vo2 and the voltage drop across R2? Minus to plus if | take as positive viz, the voltage

drop across Rz is plus to minus. So, v;; — iRy, — vy, = 0 = vy, = v;, — iR,. This is
i1~ Vi2

equal to viz is nothing, but v,,, + %‘i minus | have derived as this i = = =
1



SO, Viy = Viz = Vg. SO, Vop = Ve + + - (va) = Ve + +4(1 + 2 - This is equal to
vem. If we take as common, this will be 1 + R—. So, this is the expression for voz you can
1

write as 2. This is equation for vo1. Now we have to take vy, — vy,. This is differential
output due to differential signal, and the factor of vg is differential gain.

So, this is Vo2 minus vo1. So, the factor of vq is the differential gain. So, what is vy, —
V012 Vo2 = Vo1 = Vem + 2 (14 22) = U + 22 (1 + 22) = vy (1 + 2), implies this will
1 1 1

be the common mode gain A; = (1 + %).
1

(Refer to the slide at 28:25)
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Similarly, in order to obtain the common mode gain you have to take the sum of this by

2, therefore, ”01;’”02:{vcm FAG )}:{vcm+ (1R )}:vcm.

Here what is the factor of vem Which is the common mode gain is unity. So, we got A; =
(1 + %) and A.,, =1ACM as unity. Therefore, what is CMRR =
1




20log (1 + %) So, there are two circuits. For the first circuit, we have got CMRR as 0;
1

for the second circuit, we have got as 2010g(1 +%) So, which one is better circuit
1

because this CMRR is greater than 0dB this is better circuit this is better circuit for
instrumentation amplifier.

(Refer to the slide at 30:06)
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So, both the circuits are instrumentation amplifiers only, but the second circuit is a better
circuit in terms of the common mode rejection ratio because it can reject the common
mode signals in efficient manner. What is the reason for that one? You can see this from

this if | take vo: what is the gain for this vem is 1 + % even in this voz also if I substitute
1
this v, + vz—d the gain is 1 + %. So, the gain for the common mode signals in first circuit
1
is1+ % that is undesired common mode signal is normally the noise. So, for which we
1

should not provide any gain, but the first circuit is providing a gain of 1 + 2_2 for the
1
common mode signal.

Interestingly if | take the second circuit. So, this is the output for the vo1. So, what is the
gain for vem? Unity. So, whatever this common mode signal here the same ven is obtained
at the output also without any gain whereas, in case of the first circuit this vem at the input

after the first stage this is appearing as 1 + %times Vem. SO, because this circuit amplifies
1

the common mode signals also. So, the common mode rejection ratio is less whereas, the
second circuit does not amplify this vem here the output is also vem.



So, this second circuit will be having better CMRR. So, this is about this two
instrumentation amplifier circuits and the corresponding CMRR. | will take one problem
on the slew rate. Suppose a sinusoidal signal is having a slew rate of 60V /usec. What is
the highest frequency that attains a 20V (P — P) output without distortion? 20V peak to
peak signal means peak value will be 10V. So, what is the type of the input signal? The
output signal that we have to obtain is 20V peak to peak signal v, = 10sinwt.

What will be the highest frequency of this one? That will obtain this output voltage with
10V peak signal without any distortion ok. For that we have to find out a =2 This is,

% = 10wcoswt, and what is the maximum value of thls ’? Of course, minus and I am
not taking thls | want the magnitude only maximum value maximum value of cos is
unity. So, | |max = 10w, is defined as slew rate. This is equal to 60 x 10°. So, it

10wy you have to find out the maximum value of the frequency which can give 10V
peak value of the output sinusoidal signal is equal to 60 X 10® = 27 f,,4, = 60 X 10° =
Frax = % X 106Hz ~ 45.5kHz.

(Refer to the slide at 35:49).
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So, we know that the slew rate for a given output without any distortion, we can find out
the maximum input frequency, or we can do in another way also. For a given maximum
frequency, what is the maximum output that can be obtained without any distortion? This
we have already discussed in the previous lectures.

So, these are some problems. Next, we will discuss about some specialized applications
of the operational amplifiers, such as filters, oscillators, etcetera. Thank you.



