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1. (a)As shown in Figure 1, the five forward I-V curves correspond to five p-n junction diodes made from
different semiconductors with corresponding energy band gap Eg1,Eg, Egs,Ege and Egs. Please identify
which of the following item(s) is(are) true.(A) Egz>Eg(B) Egs>Eea(C) Eg3<Egs (D) Egs >Eg2>Egi (E) Eg
>Eg>Eg3(3%)
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Figure 1
(b) As shown in Figure 2, if the five forward I-V curves correspond to a P-N diode operated at different
temperatures, which of the following item(s) is(are) true.(A)T1>ToB)Ta>THC)T2>Ts(D)Ts>Ta(E)Ts>Ta(2%)
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Figure 2
2. As shown in Figure 3, assuming the p-n and Zener diodes are ideal, and Vz =5V, please find V>= \"
and Vi3 = V when the voltage of V1is 6 V. (10%)
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Figure 3

As shown in Figure 4, the current meter (M) with a full scale of 50 pA and a negligible resistance.
(a)Assuming the transistor has Vge=0.7 V at Ie=1 mA, what value of Rc would establish a resistor current

of 1 mA? (b) what value of B would result in the current meter(M) at a full-scale reading ?(c) what is 8
the if the meter reading is 5 nA?(15%)

Figure 4
Figure 5 shows a CMOS amplifter. | Vme | = | Ve | =1V, Ki=4K=100pA/V?, Vv and Vre are the

threshold voltages of the NMOS and PMOS FETs, respectively. Knpy=Rn(p)Cox W/2L, where Lin(p) is the
electron(hole) mobility, Cox is the oxide capacitance, W is the gate width, and L is the gate length.

(a)what is the Vp=___ V , and drain bias current Ip= mA. (10%) (b)Assuming the output resistance
of NMOS and PMOS FETs are infinite, what is the small signal gain Vo/Vi= , and input resistance,
Rin= Q. (10%) '
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Figure 5
5. Figure 6 shows an ideal amplifier having a gain of -100 V/V with an impedance 7 connected between its
output and input terminals. Find the Miller equivalent circuit when Z is (a) a 1-MQ resistance and (b) a 1-pF
capacitance. In each case, please plot the equivalent circuit and use the equivalent circuit to determined Vo/Vg.
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6. (20 %) (Frequency Response) Consider the common-emitter amplifier of Figure 7 under the following
conditions: Rsg=5 kQ, Ri=33 kQ, Ro=22 k€, Rg=3.9 kQ, Rc=4.7 kQ, Ri1=5.6 kQ, Vcc=5 V. The dc emitter

current can be shown to be Ig=0.3 mA, at which p=120, re=300 kQ and n=50Q.
(a) If the transistor is specified to have /=700 MHz and C,=1 pF, find the upper 3-dB frequency.
(b) Design the coupling and bypass capacitors for a lower 3-dB frequency of 100 Hz. Design so that the

contribution of each of Cc; and Ccz to determining is only 5%.
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Figure 7

7. (10 %) Consider the Op-amp circuit shown in Figure 8, where the op amp has infinite input resistance and

zero output resistance but finite open-loop gain A.
(a) Replace'the op-amp with its equivalent circuit model and show that f=R1/(Ri+R2)
(b) If R1=10 kQ, find R» that results in A=10 V/V for the following three cases: (i} A=1000 V/V; (ii) A=100

V/V; (i) A=12 V/V.

Figure 8
8. (10 %) For the negative-feedback loop, find the loop gain AS for which the sensitivity of closed-loop gain

to open-loop gain is -20 dB. For what value of does the sensitivity become 1/27
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