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s 1.(a) A one-sided p'-n Si junction diode, if Np=1x10"¢cin” and
N=1x10"®cm, please calculate the depletion region width of the diode
with zero bias (assuming n;=1 45%10%cm™) (5%)

(b) In a silicon crystal, which one is larger, p, or p,? What are the factors
that might influence the electron mobility p, and the hole mobility p,,
why? (4%)
(c) Please draw the small signal model of a bipolar junction transistor
(3%), derive the transconductance g,,.=—é£‘—|,, =|—I-C—Q—|— (3%)
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(d) Please state in your own words, what are the advantages of BJT and
FET, respectively. (5%)
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4. A TTL gate circuit is shown in Fig. 3, Both of the inputs are tied together.
The transistors are identical and have g,=0.5
(a) Determine S, for proper operation. Assume that Q2 and Q3

saturate for vi=V(1). (12%)
(b) What is the fan-out? (8%)
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5. An amplifier circuit is shown in Fig. 4, NPN transistors are identical.
PNP transistors are identical. All transistors operate in the active region.
Base current can be ignored. Vpg=0.7V, Early voltage Va=100V,
thermal voltage Vi=kT/q=25mV. Calculate (a) I;=? (3%), (b) =7 (3%),
(c) output resistance Re=? (3%) (d) low frequency gain Vou/Vin=" (3%)

6. For a two stage OPAMP, explain (a) Miller compensation. (3%)
(b) slew rate. (3%)

7. A single-pole amplifier as shown in Fig. 5(a) is assigned to have a low-
frequency gain of 100 and a pole at 10°Hz (i.e. 27 x10° rad/sec). The
single-pole amplifier (transfer function=A(S)) is used to design a
feedback amplifier (transfer function=A(8)) as shown in Fig. 5(b).

(a) Derive A(S) and draw its Bode plot. (3%) (b) What's the feedback
type of the internal stage of the feedback amplifier? g for the internal
stage =7 (3%) (c) Derive Ag(S) and draw its Bode plot. (3%) (d) If the
gain of the single-pole amplifier is decreased by 20%, what 1s the
corresponding gain decrease in the feedback amplifier? (3%)

8. (a) For a Butterworth filter that meets the following low-pass
specifications: f,=3KHz, 20dB attenuation at f=6KHz, calculate
N=? (5§%)
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(b) Draw the circuit diagram of an universal biquad filter and show how

lowpass can be achieved (5%)0

( Ny, order Butterworth transmission: l‘H]Y )
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