P RAE 1028 ER LT N B TR

PP E AN PLALPE A

102/3/2 10:00 ~ 11:30 52 sef p 2 2 9 ApEE TS e hin |
F@r a2 2vetz Sy [rv@r i

1. (15%) A forward-bias diode can be approximated as,
. Vp IVy ~ qVp / kT —Eg/kT
| =1.(e"" —1)~ 1 ™" 44 I, ce
where Kk is Boltzmann’s constant = 1.38*102% J/K
T is the absolute temperature in Kelvins = 273 + temperature in “C

q is the magnitude of electronic charge = 1.6%10™° C
E/q=112V

(a) Given a silicon diode with I, = 10" A at 27°C, determine the diode
current, Ip, under forward bias Vp = 0.6 V.

(b) Follow the above question and determine the diode current, Ip, at 127°C.
(c) Approximately plot the forward-bias I5-Vp curves of both temperatures,
i.e. 27 and 127°C.

2. (12%) Following the above question’s assumption and using the same
diode in Fig. 1, please find out (a) the diode’s incremental resistance or
diffusion resistance, rg, and (b) output voltage, v,, in the small signal analysis

)

of the circuit at 27°C.
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3. (15%) (a) Explain the physical mechanism that causes “Early Effect” in
BJTs. (b) How does it affect the Ic-Vce characteristics in BJTs? (c) Use a
transistor equivalent circuit model to demonstrate how Early Effect affects
the circuit amplification, i.e. voltage gain, Av.

4. (14%) Assuming an npn BJT’s Vge= 0.7V, = 100 and Early voltage V=
100V in Fig. 2, please find out (a) the transistor’s transconductance, gm, and
(b) the voltage gain, Ay in the small signal analysis of the circuit.
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Fig. 2
5. (15%) (a) Explain the physical mechanism that causes “Channel Length
Modulation (CLM)” in MOSFETSs. (b) Please list the drain current equation
including the CLM parameter. (c) How can the effect of CLM be reduced in
MOSFET design?

6. (15%) (a) Explain “Body Effect” in MOSFETSs. (b) How does it affect the
transistor’s characteristics? (c) Please build a transistor equivalent circuit
model to include the Body effect.

7. (14%) Neglecting body effect and assuming nMOS, 1,Cox=k’»= 0.5mA/V?,
V1y= 0.7V, W=2um, L=0.5um, V= 100V in Fig. 3, please find out (a) the
transistor’s transconductance, gm, and (b) the voltage gain, Ay, in the small
signal analysis of the circuit.
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