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Numerical example: Differential amplifier realized by MOSFETs & BJTs
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So we do have a differential amplifier and also | must say that in this circuit this is the
first time we are trying to combine both MOSFET and BJTs together within one
amplifier, and this is of course intentional just to give you a confidence that you can mix
BJT as well as MOS in a, in your circuit. As long as you are following the fundamental

basic guidelines, then you can mix it properly.

So, here as | said that this Rt, earlier we used to use R, that has been replaced by this
device. In fact, if you see the device characteristic you may see that it is almost working
as one ideal current source but it may be having some finite conductance. And this
conductance sorry inverse of this conductance is basically r,;. Now, what is this current?

This DC current can be obtained by considering its base bias.

At the base we do have Rg; and that is connected to 12 V supply. And Rg; its value it is
given it is 570 kQ. And if | consider Vge = 0.6 V then from that we can get, so lg; =

Vec—VBE(on) _ 12V -0.6V

Rp worg_ — 20 WA and then we do have p = 100. So, the corresponding

current here it is 2 mA.
Now since, the left branch and right branch they are identical and we do have equal DC
voltage coming there Vnc, SO we can say that in both the transistors Ips = 1 mA. And

again, this biasing condition it is such that we are retaining the output DC voltage, so we
do have 4 V drop across Rp; and Rp, and then we do have DC voltage of 8 V. So, we do
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have 4 V here. And now this current, this current is in fact it is more dependent on the

lower transistor rather than this voltage.

In fact it can be shown that even if say this voltage it is rising and hence this voltage it
may be rising, but since this transistor it is in active region of operation, its current it is
predominantly defined by its base current and the B. So, the tail current it is remaining
same as 2 mA. So, | should say the DC operating point here it is not really much
dependent on this voltage, unless we are making this voltage it is very small and forcing
the source node very low, pushing this transistor Q; into saturation.

So, as long as that is, that is ensured, and then you can say that both this current and this
current they are remaining 1 mA. And to get that we can say that Vnc if it is higher than,
let me clear to the board, so, we can say that the if V¢ it is higher than the required 2 V
here and Vg is at 0.3 V, then we can say that the current here it will be 2 mA and current
here it will be 1 mA.

So, as long as V¢ is higher than required 2 V to support 1 mA of current plus 0.3 V the
Vce(sar). SO this is Veegay and this is the required Vs to support Ips = 1 mA. Now, if this
Vnc as | said it is higher and higher it will not create any problem. In fact, if this voltage

it is rising the voltage here it is still remaining at 8 V.

Of course, this is the lower limit of V¢, so likewise if this is 8 V the upper limit of Vnc
on the other hand it can be obtained by considering the limiting case when transistor-1 it
is just entering into the triode region. So, when will it be in triode region? Vincmax) Once
it is reaching to a value where this transistor it is entering into triode region from
saturation and that time this is 8 VV and the corresponding voltage here it will be 1 V
higher than 8 V, that means this is 9 V.

S0, Vincmax 1t is 9 V. So, in summary what we can say that Vinc, Vine it is having a nice
range, the upper limit it is 9 V and lower limit it is 2.3 V. Of course, this upper and lower
limit they depends on how we are setting this current and what is the value of this

resistance is and of course, to support this current what is the required Vgs basically this
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part. So now, in this circuit at least we do have better definition of input common mode

range or better limit, strict limit of the input common mode voltage.

Now if we are keeping this V\nc within this range as | said that the current is not
changing and so is the DC voltage it is not changing and also since the current flow here
it is remaining 1 mA the corresponding gm, gm it is also remaining very close to 2 mA/V,
and the corresponding gain it is remaining close to this 8. And in case if you are placing a
resistor here of course, the corresponding current depends on the Vnc and hence, the
corresponding gm Will also be changed and then of course, the corresponding differential

mode gain.

So, that is the advantage of having this active tail resistor, the biggest advantage of
having this tail resistor it is we yet to discuss is that the corresponding common mode
gain. In fact, let us try to see what the corresponding common mode gain is. So, to
calculate the common mode gain we know that the in the expression of common mode

gain we do have gn*Rp and in the denominator we do have (1+29,R1).

Now, while we do have this active device instead of passive element, what about the r,
we do have, that is playing the role of Ry. Because if | consider its small signal equivalent
circuit out of this still current source, where this part is the DC and for DC of course, we
have to remove this part and then we will be having this r; it is left behind in the small

signal equivalent circuit.

So, ro1 it is essentially playing the role of Ry. So, it is now, it is now intuitive that
common mode gained it becomes — gmRp, gm1 Or gm2 both are same Rp; and Rp; they are
also same. And in the denominator we do have (1+2gmr.1). And if you see its magnitude

lo1, SO Iy if I consider its early voltage of say 100 V and its current flow it is 2 mA, so

100V

that gives us its ro; = v 50 kQ.

So, the value of this common mode gain it is equal to numerator part it is we already have

calculated 8 and the denominator part we do have (1 + 2 x (2 m) x 50 k). So, that is equal
8

o — —.
201

So, we may approximate this by 200 so that is equal to, so that ~ —— = — —,
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which means that if we apply same signal, this differential and whatever the common

mode signal you do have as we have discussed earlier.

Let me consider this is 0.5 and 0.5 and there what we have seen is that the common mode
signal it was quite prominent, it may not be higher or equal to the differential part but at

least it was quite prominent. But by replacing this passive element by this active device

X

N
mlH

. . oy - 1 .
since, now we are getting common mode gain it is o S0 that gives us the vy = —

0.5 sin (i—; ~t) V=-0.02 sin (i—: -t) V.

On the other hand the differential part since, the differential mode gain it is remaining 8.
So A4 = gmRp S0, that remains 8. So this differential part on the other hand it remains

same as what we have seenitis 4 V.

So, the differential part, v, 4 on the other hand it is 8 x 0.5 sin (Z?Ht) V. So, then if |

combine and say this differential signal and common mode signal, since the common
mode signal it is very small compared to differential part then individual signal they will

be very close to fully complementary to each other.

So, we can say that vy; = 2 sin (i—;‘ -t) V. And v, = — 2 sin (i—: -t) V. So, to summarize,

replacing this tail it is also helping to suppress this common mode part and still
maintaining the differential signal quite prominent, particularly if you observe the output

the, the signals there it is almost like complementary to each other.
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Conclusion:

. Small signal equivalent circuits of differential amp.
|1 Small signal analysis of diff. amp. for
Differential mode of stimulous (operation)
*  Common mode of stimulous (operation)
*  Generalized and pseudo-differential stimulous (operation)
U Large signal analysis for
*  D.C. operating point
Input common mode range and
*  Output signal swing

O Numerical examples (Opt. pt., small signal gains ...)
4" Differential amplifier using BITs - Ad Ae, Vine, O/s. Vo, V,
9% Differential amplifier using MOSFETs ’

% Differential amplifier using MOSFETs and BJTs 1 - —6
q".‘ ‘
AN §

| think we do have covered whatever we have planned today. So as | say that the small

JBeRr ¢ xm

signal equivalent circuit and analysis those things it has been done in our previous
lectures and in today's lecture primarily we have focused on numerical examples, mainly
with extensive calculation on differential amplifier using BJT, for calculation of the
operating point then differential mode gain, common mode gain, then range of the Vnc,
output showing and also we have seen that what are the different outputs are there and

same thing we have done quite an extent for the differential amplifier having MOSFET.

And then we also have discussed about the differential amplifier having both MOS and
BJT. Particularly what we have seen is that even though this differential amplifier its gain
it is not so high, differential gain it was only 8 in our example, but by replacing the tail
resistor Rt by active device 1 NPN transistor, that helps us to really suppress the
unwanted common mode signal quite an extent, and ensuring that at the output we are

getting almost complementary signal. | think that is all to share. Thank you for listening.
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