School of EEE @ Newcastle University

Tutorial 6 — Answers

Question 1

For the DC analysis, we need to consider the circuit depicted below. We assume that the NMOS

transistor is in the saturation mode (to be checked later).

VDD=6V

R, =5 MQ Rp = 3 kQ

Rszle

GND

Due to the voltage divider formed by R; and R,, we can show that the gate voltage Vg (with
R>

1tRo

respect to ground) is given by v = Vpp = 1 V. Then, we can write Vg = Vggg +Rslpg -

Since we also have I, :k?” (Vgso — Vanf» the voltage Veso is computed by solving the following

quadratic equation: Vg = Vggq + Rszk” (Vaso — Van )P » Which can be written as

Rsk,

Rck
S—(VGSO)2+(1_RSkn VTN)VGSO J{ 2—n

V2 = Ve |=0.
2 TN Gj

Solving this equation leads to
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Rskn Vin —1+ {1+ 2Rgky (Vg — Vy)

Vaso = — =0.75V,
S ™n
Vigg Vi = ~1+y1+2Rsky (Vo —Vin) _ o5 v
RS I(n
and |, = 1+Rsk, (VG —VTN)_\/1+2RS Kn (VG _VTN) = 250 pA.

Rs%k,
Since Vggo > V1, the NMOS transistor is either in the linear mode or the saturation mode.
Finally, we can compute the value of the DC voltage Vpso @s Vpgy = Vpp — (Rp +Rs)lpo = 5 V. Since
Vpso > Veso — Vv, We conclude that our assumption was right and the NMOS transistor is indeed

in the saturation mode.

The DC analysis also allows us to determine the transconductance of the NMOS transistor:

~1+J1+2Rgk, (Vg — Viy)

I =kn (Veso — Vin) = R
s

=2mS.

As for the AC analysis, the small-signal model of our common-source amplifier with negative
feedback is depicted below.

O
A
Vgs OmVgs

Vin(t) <> R12 ] RD Vout(t)

Rs

GND O

RiR;

The resistance R;; is given by R, =
1+Ry

~ 833 kQ.
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We can show that v, (t)=—Rp gy Vs -
In addition, we can write v, (t)=Vvgs+RsGn Vgs = (1+Rs O ) Vs -

The small-signal voltage gain of the common-source amplifier with negative feedback is thus
given by

_Vout(t)__ Rng = -
A = = 2.
Y Vin(t) 1+ RS Om

The small-signal input resistance is given by r,, =R, = 833 kQ. This is a very large value.

The small-signal output resistance is given by r,, =Ry = 3 KQ. This result comes from the fact

that, in the circuit depicted below, v, = -Rg g, V45, Which is possible only if v, =0.

gs

Itest
—
O
\J

Vgs OmVgs
+

- v O

Rs )

@

GND

Question 2

For the DC analysis, we need to consider the circuit depicted below. We assume that the NMOS
transistor is in the saturation mode (to be checked later).
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VDD =10V

RSZZkQ

GND

Due to the voltage divider formed by R; and R,, we can show that the gate voltage Vg (with
R>

Ri+R;

respect to ground) is given by v = Vpp = 2 V. Then, we can write Vg = Vggg +Rslpg -

Since we also have Iy, :%”(VGSO ~Vyyf, the voltage Veso is computed by solving the following

quadratic equation: Vg = Vggq + Rszk” (Vaso — Van )P » Which can be written as

Rc k
%(VGSO )2 + (1_ Rskn VTN) Veso + (

Rsk,

Vi’ _VG):O'

Solving this equation leads to

Rskn Vin —1+ {1+ 2Rgky (Vg — Vry)
Veso = RoK
S ™n

~1.30V,

_ —1+1+2Rgk, (Vg — Vry)
RS kn

~0.30V,

1+Rsky (Vg = Vi) =41+ 2Rsky (Vo = Vi) 352 pA.
RS2 I(n

Since Vgso > V1n, the NMOS transistor is either in the linear mode or the saturation mode.
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Finally, we can compute the value of the DC voltage Vpso as Vpgg = Vpp —Rslpg ® 9.3 V. Since

Vpso > Veso — Vv, We conclude that our assumption was right and the NMOS transistor is indeed

in the saturation mode.

The DC analysis also allows us to determine the transconductance of the NMOS transistor:

-1+ J1+2Rgky, (Vg - Viy)
RS

I = kn (Veso — Vin) = ~ 2.4 mS.

As for the AC analysis, the small-signal model of our common-drain amplifier is depicted below.

Vi) C) Re O

Rs OmVgs Vout(t)

O

GND

The resistance Ry, is given by R, = L 1.6 MQ.
R;+R,

We can show that v, (t) = g, Rs Vgs-
In addition, we can write: v;(t) = Vgys + g Rs Vgs = (1+ 0 Rs ) Vgs-
The small-signal voltage gain of the common-drain amplifier is thus given by

A :Vout(t): ngS ~ 0.83.
Y Vin(t) 1+gm RS
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The small-signal voltage gain of common-drain amplifiers is always smaller than the unit, which

seems to make these circuits of little use at first sight.

The small-signal input resistance is given by r,, :YLét)lez = 1.6 MQ. This is a very large input
lin

resistance.

iin(t)

Vgs
+ I 9
OmVgs

Vin(t) C) R12

O

R s g ngs Vout(t)

O

GND

The small-signal output resistance is given by r,,, = Viest .
ltest Vin(t) =0

Vgs ltest
+
nggs ltest —~
R, < \
+

Rs OmVgs Viest
M\
GND ~

W ite: v._=—g R Rel hich leads t Rs In additi h
e can write: Vyq =—0mn Rg Vgs —Rs liest » Which leads to VgS:_1+g—RI‘ESt' n addition, we have

m' S

Viest = —Vgs-
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By combining both equations, we obtain r,, = _Rs 345 Q.
1+ Om RS

Due to their high input resistance and (relatively) low output resistance (which are both very
attractive features for voltage amplifiers), common-drain amplifiers can be used as the output
stage of more complex circuits. However, note that a much lower output resistance can generally

be obtained with a common-collector bipolar amplifier than with a common-drain MOS amplifier.
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