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1. (10%
(a) (6%) For the circuit shown in Fig. 1(a), please determine the load resistance R

between the terminals a-b to result in maximum power transfer.

a
1-kQ potentiometer
-
N %
b

Fig. 1(a) Fig. 1(b)

R2=220 Q2

(b) (4%) The circuit in Fig. 2(a) can be represented as a Norton-equivalent circuit in

Fig. 2(b). Please determine the value of Iv.

R,=47 Q
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(a) (8%) For the R-C circuit shown in Fig. 3(a), the input square waveform v{f) has a

minimum and a maximum values at 0 and 1 V, respectively. The period of v{(s) is also

large enough for the output v,(f) to reach the steady state. Please derive v,(r) when v{r)

rises from 0 to 1 V. Also, please draw one period of the output waveform v (1) (v{1) =

0—1Vand 1 — 0V)and explain your reasoning.

1 uF
Vi(1) 1kQ V(1)
Fig. 3(a)

(b) (7%) For the R-L-C circuit as shown in Fig. 3(b), the input v{(/) is a unit-step with
and C = 10 mF. Assume the initial condition v,(0) = 0, please




The voltage across the capacitor remaing 1V at the instant when v(/) reduces to 0V,
making the voltage across the resistor vy(1) equal to <1 V by KVL, After that ve(/) will
increase with the  RC time constant to the steady-state value of 0 V. A complete

period of v(1) 18 shown below,

Vi(t
1
V() '
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Based on a time difference AT = (.7854 sec, the phase difference |
20 =2L 3600 = 45¢
T
Transfer function of a 1%-order RC high-pass filter is F(s)= 3—‘-"—@ = i , thus |
v, (s) 1+sRC |
ZF(jo)=90° - tan" (oRC)

=i

Since ZF (fl)= 90°—tan™' (RC )=45° and R = 1 k), we obtain C = 1 mF.

) Either of the circuits as shown below can be implemented as a band-pass filter.
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(b) (5%) Given the circuit and its output waveform as shown in Fig. 4(b), please draw

the waveforms of V" and V™ in the figure and mark their maximum and minimum

values.
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(b) (5%)Assume the Opamp has a nonzero offset, which is modelled as an input offset

voltage Vg connecting at the positive input terminal. Please derive the expression

for the DC output voltage of Vo when Vi=0. (The expression should be written in
terms of Ry, C), Ry, Cy, Vo)




(b) the gain due to V., is G(s)=1+22_SRGC 1
Rl JR|C| +1 3R2C2 +1

AL DC (s = jo = 0), the gain = 1. Therefore. V. = Ve

6. (15%) Fig. 6a shows a single transistor amplifier. Fig. 6b shows the measured
Ip-Vg curves of three different NMOS transistors. Fig. 6¢ shows the [Ip/-{Vps|
curves of two different PMOS transistors.

(a) (8%) Given the same biasing voltage and Rp Using which NMOS transistor in

Fig.6b will result in a largest voltage gain [Vo/Vi| in Fig. 622 Assume the transistor

operates in saturation region and Rp is much smaller than the small-signal resistance

rgs of all transistors. Please clearly explain your answer with equation(s).

(b) (7%) Assume the resistor Rp is replaced by a PMOS transistor. The PMOS




M4

I/p |

- - o

Vps |

(¢)
Fig. 6

Sol:
(a) M1.
Because M1 has a steepest 1=V, curve, which corresponds to a largest current and
largest transconductance (g,,) for the same biasing voltage V¢,
5 DS | < ¢ W
(N’Ote ID nz X 7 (VGS i ’h) 1gm n“’ﬂcax T(VGS e lh))'

Since the gain of the amplifier in Fig. 6a is -gm* Ry, M1 will provide the largest gain
(b) MS5.
Because the gain of the amplifier is given as =g ™ (ran//tasp)s Where gy, is the

transconductance of the NMOS. ry,, and ry,, are the small-signal resistance of NMOS
and PMOS. respeciwciy Plg. & shows that M5 has a larger rg, than M4 with a

her fore, using M5 gives a larger voltage gain.

cuit in Fig, 7. Let A represent the voltage
? | iél approximately equal to Rp,

- ation region in the beginning

when Va 18 increased to

A increnses”?
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Rop
VO
Va1 Va2
2
1
Fig. 7

Sol:

The amplifier has a gain A= -g,,*R;,

(a)lncreasing Vg, causes the biasing current of Q1/Q2 to increase. The
- luct ' the gain A.

arger Vgs for both Q1 and Q2. The voltage
changes below could cause gain to reduce
h Vgs2 and V) continue to increase

S¢ -voltage de across Rp increases.
o R 0 the drain of Qz decreases
al output resistance at Vo. so that the total

reasons above.
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