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We have seen that a common source amplifier using pMOS transistor has the same small
signal picture as that using nMOS transistor and its characteristic also lastly the same. Any
differences between these two are only in the parameter values because pacox 1s different from
WpCox and Vrp is difference from Vin. You have to use different component values to get the
same performance, or if you do use same component values, let say the same load résistance
and so on. And the same operating point you will get a different value of gain, but

qualitatively there is no difference in the small signal picture.

Now, let us look at large signal characteristic of the amplifier with namely the swing limits.
Now, this is the pMOS common source amplifier, and in this case just for simplicity, I will
remove this R,. Although the calculations are exactly the same even with R, , we always get
additional division of this voltage between R and ( R, || R»). I will eliminate that and I also
assume that C, and C; are very large so that we can consider them to be short circuit. So, let
say this is 3 MQ, this is 21 MQ so that this voltage is 3 volts, and Rp is 100 KQ and R is
also 100 KQ. This is just for the illustration.



Now, this voltage Vgp in the quiescent condition is 4 volts. Now why do we have limits on the
signal swing, the transistor can go either into triode region or into cut off. So, because of this,
the value of input v; that you can apply to the circuit is limited. So, now, we will investigate
this for the pMOS common source amplifiers the condition are exactly same. The condition
to remain in saturation is that Vspgowan > ( Vs - Ve ). And the condition to avoid cut off, I
will say write not cut off is that Ipway > 0 and these refer to not the operating point value, but
the total quantities when the signal is applied. So, what we have to do is similar to what we
did in case of the nMOS amplifiers, we have to first find the total Vsggotan , Vspieotan and Ipgotan,

and apply these conditions.

At the operating point, we have Vsgo= 3 volts, and Vspo = 4 volts. Or if you refer the voltages
to ground, the gate voltage is at 21 volts, and drain voltage is that 20 volts. Sometimes for the
saturation triode boundary, you specify the condition in terms of Vo and Voot instead of
Vst and Vs that 1s also possible, so I have written those things down as well. And the
current Ipis 200 pA that is of course, flowing downwards. So, you have to keep in this mind
that is Ip in a pMOS transistor flowing downwards. Now when the signal v; is applied, the
voltage at this node would be the quiescent voltage which is 21 volts + v; , because if you did
not apply vi or if you set vi to 0, this is a 21 volts with the respect to ground. Remember,
when [ say voltages at some node, it is with reference to the common ground node of the

circuit. So, it is the 21 V + v;.

Now, this point is 24 volts above the ground because of power supply. So, Vsgoun is , yOu can
easily see is , if you calculate the total quantity Vsgotn 18 24 volts - ( the gate voltage ) which
tells you that it is 3 volts - vi. Another way to think about it is that if v; has a positive value
then this voltage increases and the source voltage remaining the same. So, the source gate
voltage is actually reduces because the gate is going up already you see the crucial different
here in case of nMOS common source amplifier this would have been 3 V + v; or the Vgso +
vi. Now we have a minus in pMOS (Vscuoun= 3 V- vi) .Now, the voltage here at the drain the
quiescent voltage is 20 volts, and what is the incremental voltage at the drain that we get from

the small signal picture.
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So, we have vi, and this is the gate, drain and source of the MOS transistor; we have Rp and
Re . So, ves =vi . So, this is gm* Vas, and the drain voltage with respect to ground which is the
small signal ground is - g+ (Rp || Rr) * vgs . And in this particular case, gn is 200 uS, and Rp
and Ry are 100 KQ. So, this turns out to be

-200 uS * (50 KQ)=-10 * v;
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So, the incremental voltage at the drain is - 10 * v;. So, the incremental voltage here is - 10 *

vi at the drain. So, the total voltage is (20 V - ( 10 * v;i) ). So, Vspoan, YOUu can see is 24 volts



minus this, 24 volts minus this whole quantity. So, Vspgoway 1s 4 V + 10* vi. Again you see a
reversal of sign and finally, what is the incremental drain current you can see, that is
incremental drain current gn* vgs is going from drain to source, but here the total drain
current is going from source to drain, the incremental drain current g.* vgs going into the
drain. So, the incremental current coming out of the drain is - gn* ves. So, the total drain
current is 200 pA - gn™ Vs OF - 20™ v; because in this case vi and vgs are the same. It is the 200

HA - 200 uS * v;i. So, you see that the crucial differences lie in these signs.
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So, what does that mean first let us try to keep the transistor in saturation region. It will be in
saturation if Vspgotal) > Vsaota) - V1, and Vspuewny 4 volts + 10 * v;. And in general, it will be
Vsmo at the operating point, I will write it as Q for quiescent point plus gain of the amplifier
gm (Rp || Rr) * vi . And if you have some R, , you also have to include the division between
R, and (R, || R.). This has to greater than Vg Which is 3 volts - v; in this case, and minus

the threshold voltage which is 1 V.

Vspot+ gm(Ro | RL)™ vi > Vsgo-vi- Ve

What do I get out of this. So, I get, I take this to the other side I get
11*V\>3V-1V -4V=-2V or

vi > -2/11V



Now, if you recall in case of the nMOS common source amplifier, the saturation condition
was setting for the upper limit for vi. Now, it is set the lower limit for vi. You can see that v; >

-2 /11 volts.

(Refer Slide Time: 10:39)

) B P i 2 L A I 1 LT W
NENENEEC 0§ 5

;Wa t:m;h.g ' 'PMﬂS 4 ﬂ'ff"ﬁw St iy %Iﬁ |
— hﬂt' WH% éhﬁ-n |

Why does this happen here as vi becomes smaller, the gate voltage becomes smaller. If the
gate voltage become smaller, the source gate voltage becomes bigger and the current through
the transistor increases. As the current through the transistor increases, the drain voltage
increases because that current is going into parallel combination of R, and R;. As the drain
voltage increases the gate voltage is falling, the drain voltage is going up, so it is going
towards triode region and the triode region saturation boundary actually set the negative limit
for the vi so that the difference. Because the polarities of the currents and voltages are

reversed, the swing limits are the opposite in the case of pMOS as compared to nMOS.
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And again I will write it in general terms
Vi 2 (Vsco-Vspo. Vi )/ (1+(gm(Rp | RL)) )

I have already explained why these terms come about in case of the nMOS amplifier. We
have 1+(gm)in the denominator, because the gate voltage is changing by one unit whereas the
drain is changing by gain units. So, the gate drain voltage is changing by 1+ gain units. And if
you look at the numerator this difference is the quiescent gate drain voltage or the negative of
the quiescent drain gate voltage. So, if the drain is well below the gate then the separation
will large and you will get the large swing limit. In case of nMOS, it is the opposite. You
want have the drain to be well above the gate voltage so that there is lot of room for it fall; in
this case, you have want the drain to be well below the gate voltage so that there is a lot of

room for it to rise.
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And similarly, if you apply the cut off condition, we want Ipuean = 0. And again as I explained
earlier, we could also have used the condition based on the source gate voltage that is the gate
source voltage should be more than threshold voltage, but by convention we use this because
we can also use this with bipolar transistor. And what is the total drain current that is the
quiescent current (200 pA - (200 uS * v; )) > 0 . And this tells you that v; < 1 V. So, earlier
in the case of nMOS common source of amplifier, the cut off condition was imposing the
lower limit on v;, now it imposes in upper limit, because as v; becomes more and more
positive the gate goes up, the source gate voltage falls and the drain current goes on reducing;

at some point, it will enter cut off.

In general terms, the total drain current would be the quiescent drain current - g..* v and this
has to be greater than or equal to zero. So, and in our case v equals v; .So, this is g.* vi; v, <
Ino / gu. In summary, the small signal picture of nMOS and pMOS common source amplifier
is the same and this is true of every other type of amplifiers. If you look at nMOS and pMOS
small signal wise there will be same; large signal wise, they will be different. The swing
limits in particular are the opposite. If in some circuit saturation imposes on upper limit in the
nMOS amplifier; it will impose a lower limit in the pMOS amplifier and similarly for the cut

off.



