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Analog CMOS Integrated Circuit Design (488) Assignment 2 — Solutions

Problem 2-
Since A#0=ris finite. Also y#0=g,, #0. But the bulk of all transistors are

connected to source (it is not shown in picture). So Vgs = 0. As a result, we do not need to
consider gmy at all. For all problems, a small signal model has been drawn. To find the
output resistance, we only need to find the ratio of Vx to Ix.

(d) In this problem, R1 has no effect in the circuit operation from the small signal view.
Since gate of transistors are open in the mid-band frequencies and 1g;=I¢,=0, there is no
voltage drop across R1. So Vg1=0 and we can replace it with a wire.

VDD |
>
M2 v,
— I
R1 X
+—WWA =~
| A '
3
M1 v. T +
X Vnsi CD gﬂ"vgﬂ Mot CD gmzvgsz L Vgs?

Figure 2: Problem 2.d Figure 3: Small signal model of the problem 2.d
V, V Vv 1 1
Iy == +—4 (U + In2)Vx = Rour :I_X: Gy 0 [I=— 1l —
rol roZ X ml m2
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Analog CMOS Integrated Circuit Design (488) Assignment 2 — Solutions

Note (1)' A diode-connected transistor seen from the drain terminal is equivalent to

II—
I

(e) The gates of both transistors are connected to a constant voltage. Therefore, from the
small signal viewpoint they are both grounded. As shown in the small signal model
(Fig. 5), we can ignore the dependent current sources, as they have no effect.

VDD o
Vo1 = | M2 Vx
——
I)(
-
1;91 gaz
) \‘ B '/
Viz —{ | M1 +
— G Vet IV Sty Ve
‘L 7N
v
Figure 4: Problem 2.e Figure 5: Small signal model of the problem 2.e
vV, V \
Iy =—%+—"=Ryyr ==1,r,
r-ol r02 IX

Note (2): A MOSFET biased as a current source (a constant voltage at its gate) can be
replaced by r,

(f) This circuit is the combination of circuits shown in Fig.2 and Fig.4. So using note (1)

1
and note (2), we can conclude that the output resistance is r,, || 1, || —.
m2

oo 3
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|]51
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Figure 6: Problem 2.f Figure 7: Small signal model of the problem 2.f
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Analog CMOS Integrated Circuit Design (488) Assignment 2 — Solutions

\Y \Y V 1
IX:_X+_X+gm2VX:>ROUT: :rol”r02”_

Yx
rOl r-02 IX ng

Problem 3- For each of the following problems, we ignore the bulk effect (gmp=0).
However, we have to consider r, as 4 #0. Also, we try to use the results we found
before. Instead of drawing the small signal model, we substitute the diode-connected, or
current source transistors with their equivalent resistors we found in the previous problem
(wherever possible).

(b) This is a common-source amplifier with source degeneration. The equivalent circuit
of Fig. 8 has been shown in Fig. 9 where:

Ry =r, ”gi and R, =1, ”gi' According to the textbook (page 67), the voltage gain
ml m3

(Av) of this type of amplifier is:
A, =-G,R,, Where:

m’ “out
Gm — gmro
RS + (1+ ngS)ro

and Ry, =R, I[[X+9,1,)Rs +1,] . Therefore the voltage gain is:

A\/ = Rs o+ (lgjrnzgr:zRS)roz ’ RD ” [(1+ gmzroz)Rs + r02]
VDD vDD
e 1
Rp
o Vout
o Vout

M1
- RS
v
Figure 8: Problem 3.b Figure 9: Common-source amplifier with source degeneration

(c) This circuit is a source follower or common-drain amplifier. Again for simplicity, the
circuit has been drawn in Fig. 11 with Rs and Rp instead of the actual transistors. From
note (1) we can see that:




Analog CMOS Integrated Circuit Design (488) Assignment 2 — Solution

1 1
RS :rol ”_ and RD :ros ”_

ml m3
The small signal model of the circuit is drawn in Fig. 12. We can find the voltage gain by
writing two node equations at the output terminal and node A:

Vout
Vo :_V_A.RS :>VA=—V°m ‘R, vV Vo + R R,
RD Rs = gm(vin _Vout) :RLUt_F - S —
VQS :Vin _Vout S 0
ngin :Vout O +i+M — A/ :h: ngSI'O
Rs Rsro Vin (1+ gmro)Rs +RD+r0

VDD

_-IE: VDD

svout
M1
v
Figure 10: Problem 3.c Figure 11: Source follower amplifier (common-drain)
RD
A [
I‘l'ih o + -
as2 gmvgs L
O vuut

Figure 12: Small signal model of Fig. 11




Analog CMOS Integrated Circuit Design (488) Assignment 2 — Solutions

(d) This problem is similar to 3.b except that diode connected transistors have been
replaced by current sources. So we use note (2) to find the equivalent resistors for M3 and

M1:
Ry =r,and R, =r,.

VDD vDD
vV o——” M3 %
b1 RD
--—o\'m:
—ﬂvout
v, © M2
Vin o—”mz
tho__ M.—l é RS
v AV 4

Figure 13: Problem 3.d Figure 14:Common-source amplifier with source degeneration

(Av) of this type of amplifier is:
A, =-G, R, wWhere:

m’ “out

G, = = (19”‘:‘]’ Ror and Ry, =R, [+ g,1)Rs +1,]. Therefore the voltage gain is:
S + + m 'S/%

gm2r02
== -R 1+ r.)R. +r
A\/ RS + (1+ ngRS)rOZ ° ” [( ng 02) * 02]






