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1. For the circuit on the right, answer (f) Calculate closed-loop gain. (3)
for the following questions. Assume Answer)
(W/L), and (WI/L); are the same. Rs + R:
Assume A=0 for all transistors, and y=0 1 RIIR
for Ml- (20) —+ s F
(@) Identify the sense and return A osed = A, —_ 9m = Rs+Re
mechanisms. (2) 1+KA, 44 Rs i_,_ R, IR, +R,
Answer) i_l_ R. IR Om1
Rrsenses the output voltage and serves . sHF
as the feedback network. Rr "
also returns a voltage to the input. (g) Calculate closed loop Z;, and Zoy. (4)
Answer)
(b) Determine the polarity of feedback. Zin‘closed = Zin,opened (1+KA) =
/(A%Y)EWEI’) 7 _ out,opened _ RS + R,:
out,closed — (1+ KAO) - R
V, T2V i, i=sv, TV, T=y, T 14—
Since this shows a counteractive effect of the change in Vi, —+Rs || Re
the feedback is therefore negative. m1
(c) Calculate open-loop gain. (3) 2. For the circuit on the right,
Answer) answer for the following |/ -
questions.  Each  inverter "
consists of one PMOS and one —C —C =—C
NMOS connected in series. - e =

V
=R +R)

Vin i+R5HRp Vy
ml
gm3(R
2 (Ry+R:)
A, = Vou _ no T (R+RY)
V. 1 1
n —+R;IRk —+RIIR:
ml gml

(d) Calculate open-loop Z;, and Z. (3)
Answer)

in,opened =, Zoul,opened = RS + I:QF

(e) Calculate the feedback factor K. (3)
Answer)

Three stages are identical.
Assume both PMOS and NMOS are biased in saturation region and the
same finite output impedance r,. We wish to apply negative feedback with
K=1 around the three-stage amplifier shown above. Neglect other
capacitances. (10)

(a) Plot the frequency response of the circuit. (5)

Answer)
20log|H| l
[TN] S— NP
-60 dB/dec
0
2/rC \ o (log scale)
MpPx
0
135, i o (log scale)
_180 ................
270" peeeccsccccasanaeeas
/[H 1

3
i i ibi _ i I
The circuit exhibits a low-frequency gain of ((gmN . gmp)z‘)j and

three coincident poles given by wy, [icj L
2
(b) Determine the condition for stability. (5)
3
rO
((gmN + ng)E)

-1
H(s)= Wp:[%‘]c) . AH(jw):73tan’1Wﬂ

3
WP

The phase crossover occurs if tan™(w/w;)=60" and hence W, = \/§WP .

[ww+%n%j

3

2
14| Wex
WP

<L (G +Gop) 5 <2 (stable)
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3. Following figure depicts v (c) Using the result obtained in (b), determine the voltage gain if the stage
cc

improved push-pull stage
to reduce crossover
distortion. Turn-on
voltages of Q; and Q, are
Vge:1 and Vge,, respectively.
Neglect the incremental
resistance of D; and D..
Answer for the following
questions. (22)

(a) Two diodes (D, and Dy)
are used to avoid thermal
runway in above power v
amplifier stage. How can

we solve the thermal
runaway problem? Briefly
explain the principle. (7)
Answer)

1)If the diodes experience the same temperature change as the output
transistors, Thus Vp+Vp, Will decrease at the same rate as Vggi+Vaes,

with the result that the bias current remain constant.

(If the collector current is held constant, a rise in temperature in

transistor results in a decrease in its Vge. (= -2mV/°C)

Alternately, if Ve is held constant and the temperature increases, the

collector current increases.)

2)Using diode biasing prevents thermal runaway since the currents in
Q. and Q, will track those of D, and D, as long as there Ig’s track with

temperature.
Following equations show this accurately.

I,
V,, +V,, =V, In—0Lb2_

S,D1'S,D2
Il
_ cilc2
VBEl +VBEZ _VT |n7|
s,Q1's,Q2
ID1|D2 _ |01|c2 (| ~ | | ..~ | )
I I _| D1~ 'p2rfc1 ™ fc2
s,D1'S,D2 $,Q1"5,Q2

(b) Above push-pull stage employs a bias current of 1 mA in Q; and Q4
and 10 mA in Q; and Q,. If Q3 and Q, suffer from the Early effect and
Va3=10 V and V=15 V, calculate the small-signal output impedance

of the circuit if ;=40 and 3,=20. (8)

Answer)
Assuming
2rp is small
‘-l
RO\II
r03||r04%
|
O =00 = —2=0.385A/V, r, = P B 15300
vV, 9, 0385
r, P 20 5050, rs Vil 10 g0kq
” g, 0385 l., 0.001
VYR RSP
l., 0.001
v rolr,+r.|r 6x10° +34.63
- — 7)( — 7l ” z2 03 ” 04 — ~ 21819
iy 14090+ 9,)( 1IT,,) 27.67

drives a load resistance of 8 Q. (7)
Answer)

.‘
=]
N
A
W
IS+
Lt
-
A
=
Ak
vy
5+

fi=
1 é)gnﬂ"m %gmz V2

oV

out

AL

—

Yin

:RL

zf = G0al(G + )0 1T, )R, 41, (17,1 = -9.42

\\//m - ”i+(gm+gmz)(rﬂllrﬂ) g =tet 20038/
N T2 1 (G + O ) (M [175) T

~0.84 )

You  Yn Yo 7.1

Vil'l Vin VN

4. We wish to design a Butterworth filter with a roll-off of 0.5dB at
®=0.8w,. Determine the required order. (7)

H(jo)|=———=
1+[a)j
@,

0

Answer)

H (j0.8w,) = 0.94(-0.5dB), !

— = _-094’, n=457
1+0.8°"
..n=5

5. Following figure
depicts main part of
general impedance

converter  (GIC).

Assume all op

amps are ideal. 7® RY ﬁ@ AAA @ AAA L
Answer for the @) A, R (®
following

questions. (14)

(a) Using the circuit
in the dashed box
above, now we -

implement following circuit. Calculate the Z;,. (7)
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(b) In the dashed box, now RY between nodes 1 and 2 and C between
nodes 2 and 3 are exchanged. A capacitor C is connected between
nodes 3 and 4. Now calculate Z;, in the circuit configuration shown
below. (7)

Answer)

Ix c Ry ‘
Vine .,(D it @ N ‘WH&—}@
{ @LRY @ Ry R
2 " ™
c =
Ay
V, =V, =V, =V,
\Y V,-V \
XV, =X R 4V,
Ry Ry X
I, = Vv, _Vf :Vx (1-;RYCS) OV, =V,—R, I, =V, %R (ZI}.; R,Cs)
R, | — X X
Cs
| =Cs(V,~V,) = CsV, R, (1+R,Cs)
Ry
v R

— X

Z =
" i, CsR,(1+R,Cs)

X

6. The figure on the right depicts a CMOS inverter. Assume both
transistors M1 and M2 have exactly the same threshold voltage.
Answer for the following questions. (27)

w V2
Ioin = #,Cox T[(Ves Vo, WVos _%

w
ID,sat = :unCox z (VGS _VTH )2

(a) Briefly describe the advantage of a CMOS inverter compared to an
NMOS inverter which is composed of NMOS FET and a load
resistance. (5)
Answer)
A CMOS inverter has following advantages.

i) The output low level is exactly equal to zero because Vi:=Vpp
ensures that M, remains off.

ii) The circuit consumes zero static power for both high and low

output levels.

VDI.It “fM1 Off
Voo

Mo Off

Voo Vin

However, a NMOS inverter has drawbacks from the passive
nature of the load resister.

i) M; must “fight” Rp while establishing a low level at the output
node and hence R, must remain much smaller than Rp.

ii) After M, turns off, only Ry can pull the output node up
toward Vpp.

iii) The circuit draws a current of approximately Vpp/Rpp from
the supply when the output is low.

(b) Prove that when both transistors M1 and M2 have exactly the same
current drivability, we can observe the maximum crowbar

current at V;, of 0.5 Vpp.

(hint: V6=V, Vp=Vou, Vs(PMOS)=Vp). (6)

Answer)
Voo /
M, 7N peak
v Crowbar
in Current
M,y -

Vit Voo~|Vimz| Vin

The crowbar current reaches a maximum when both transistors enter
saturation.

2
1 W V V.
I peak = Eluncox (Ll (;D_VTHlj (1+ﬁl ;DJ

1 W (V ’ Vv
one() (5 ) (1045 )

(M1 and M2 have exactly the same current drivability.)

W
72“&' Vins z’VTHZJ

(1+2.1V3Dz1+/12v;[), W
1 My

c) When PMOS M2 and NMOS M1 are exchanged as follows, sketch
schematically output waveform for a given input waveform. Describe
briefly the reason. (6)

I/DD o

Answer)
i)Vin varies from zero to Voo

Voo Vout A
1 Voo ——
oV “»_ Sublinear
Vo Charge
4 A -
t

Linear
Charge

5
ikl
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Vin jumps from 0 to Voo at t=t1 and Vo begins to from 0. Transistor M1
turns on in saturation and M2 turns off, charging C.toward VDD-V th.
With the relatively constant current provided by M1, Vou rises linearly
until M1 enters the triode region and hence supplies a smaller current.
The output voltage continues to rise, almost as if M1 acts as a resister,
eventually approaching Voo-Vand forcing the drain current of M1 to
zero.

ii) Vin varies from Voo to zero.

Linear
Disharge

Subinear
A" Disharge

M1 turns off and M2 turns on beginning to discharge C. from Voo-Vriu
toward -Vrre. Transistor M2 operates in saturation until Voo falls by -
V2 above the gate voltage(=0), upon which Io2 begins to decrease,
slowing down the discharge. Vou then gradually approaches -Vrro.

4

Vo Vop-V1H1

Vin

(d) For a given input waveform (square wave, t(logic 1) / t(logic 0) =1),
following output waveform (t(logic 1) / t(logic 0) < 1) is observed.
Estimate what the cause is. (5)

% v

in out

Vout

toun

Answer)

For example, when NMOS and PMOS have the same current
drivability, as (W/L): increases, the current drive of M1 increase. The
circuit will exhibit then faster falling transition. As s result, the circuit
will show tow longer than tea. As an another case, when (W/L):
decreases, the current drive of M2 decrease. The circuit will exhibit
then slower rising transition. Consequently, the circuit will also show
touto |0nger than tcull.(tcuro>tout1)

Thus, by varying (W/L): and (W/L), the current drivability of M1 and
M2 can be changed and the transition time will be changed as well.

Of course, The Ron difference between NMOS and PMOS will show a
rising and falling time(Tew, Treun) difference and then towo and tows are
different.

(e) We normally use NAND gate more frequently than NOR gate when
we design a logic function. Why? (5)
Answer)

(a) Three-input NAND gate (b)Three-input NOR gate

The low mobility of holes requires a proportionally wider PMOS
transistor to obtain a symmetric VTC and, more importantly, equal rise
and fall time. Viewing the transistors in a three input NOR gate as
resisters, we observe that the PMOS section suffers from three times the
resistance of each PMOS device, quite larger than that of NAND gate
because of the PMOS resistance NAND gate connected in parallel.
Therefore, it creates a slower transition at the output that of NAND gate.
On the other hand, to compare capacitance in the case of (a) with that of
(b), (b) presents a capacitance of about 7WLC,, at each input, smaller than
that of (a)(SWLC,). If wider PMOS transistors are employed to reduce
Ron, then their gate capacitance increases and the situation even worsen.
Consequently, the NAND gate less suffers from speed limitation.




