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1. A reverse-biased photodiode is specified to have a dark current of 100 pA and a responsivity of 0.5 A/W.
It is connected to the transresistance amplifier shown in Fig. 1. Assume op amp is ideal. (20%)
(a) Please show five characteristics of ideal op amp. (10%) 2
(b) What is the output voltage v, with 10 pW of light incident on the photodiode? (10%)

250 kQ

2. For the circuit shown in Fig. 2, EBJ operated at 0.7 V for Q; and Q, find V), V3, and V. (15%)

i S i
§u.|m ‘%’s.;m
100 k9§ v, 7—CQ:
= } —\,
goro $43k0
\ T Fig. 2

3. In the circuit of Fig. 3, transistors Q; and Q: have V=0.7 V, (W/L);=1.5(W/L);=20, and the process
transconductance parameter ka’=125 pA/VZ, Find Vi, V2, and Vi, (15%)

-5V
1
20kQ §30 kO
W ’__ Vs
1,00 @ —

Fig. 3
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4. The MOSFET (with aspect ratio of 10) in the amplifier circuit (Fig. 4) has threshold voltage (¥) of 0.4 V,
the process transconductance parameter (k) of 0.5 mA/V?, and the associated value of 1 0f 0.02 V-!. The
signal Vi has a zero average. (25%)

(a) It is required to bias the transistor to operate at an overdrive voltage Vov = 0.1 V. What must the dc voltage
at the drain be? Calculate the dc drain current Ip taking into account A. Now, what value must the drain
resistance Rp have? (3 X 3% =9%)

(b) Calculate the values of transconductance (gm) and output resistance (ro) at the bias point established in (a)
(2 X 3% =6%)

(c) Derive the expression for the voltage gain (Vo/Vsis) using the small signal equivalent circuit of the amplifier.
And find the value of the gain by using the ro~2 MQ.  (10%)

Ryy i
Vpp=10.1V +—MWy 1 £ I[l

R,=15MQ

. R;=035MQ Vi
Fig. 4 )

5. The circuit of Fig. 5 shows a differential amplifier. (15%)

(a) Find the differential half-circuit for the amplifier and use it to drive an expression for the differential gain
Ag = voa/via in terms of gm, Rp, and Rs. Neglect the early effect.
(8%) reo

(b) The resistance Rs in the circuit can be implemented by using a
MOSFET (0s) operated in the triode region. Here O3 implements
Rs, with the value of Rs determined by the gate voltage ve; of Os.
Consider the case vg) = +vig/2 and vgz = —vig/2, where vig is a small
signal. Assume that O3 now conducts current and operates in the
triode region with a small vps. What resistance rps does it have,
expressed in terms of the overdrive voltage Vovs at which it is
operating? This is the resistance Rs. Now if all three transistors have
the same aspect ratio W/L, express Rs in terms of Vov, Vov3, and gmi 2.
(%)

Fig. 5
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6. The transistors in the circuit (Fig. 6) have =100 and ¥ = 50 V. What is the effect of the increasing the
bias currents by a factor of 10 on Ri, and the overall voltage gain G,? (10%)

+5V

R, = 500 k0

TW‘

Fig. 6




