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1. (a)For an abrupt PN junction the depletion-region width as a function of voltage is

2e

2
givenby W= { (FVL + X;—)(VO - V)] , where ¥, is the built-in voltage,

A v D
g, is the permittivity of Si. Derive the junction capacitance ¢ = %I—V/- ,
m7A

define thec, . (5%) _

(b)If N,=10"%cm™, N,=10"cm™ and PN junction area A=6x 10 cem?®,
calculate the junction capacitance for reverse-biased of 10 Volts. ( the
dielectric constant of Si :11.9, intrinsic carrier concentration of Si:

n, =1.5x10"cm™, permittivity of vacuum: 8.85x 10 ™F/cem,

T=27"C) (8%)
2. A logic gate has a delay-power product of 1 pJ. The gate power dissipation
is 1 mW,. What is the gate switching time? (4%)
3. For a CMOS gate shown in fig.P3, derive the transition points of

@) M,:V,, =V, -V, (& M;: 7V,

out

=V, -V, where ¥, and

ut

V,, are the threshold voltage of NMOS and PMOS respectively. (12%)
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4. Please write down the output function Y in terms of inputs in the logic circuit
as shown in fig.p4. (5%) ,
5. The floating-gate transistor used as an EPROM cell shown in fig.p5, please

sketch i, —vg curve. (6%)
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6. Sketch the timing waveforms; 7, ¥,, and ¥,, for the circuit shown
in fig.p6. (12%)

7. Consider the circuit shown in fig.p7.

(a) Assuming the opamp is ideal, derive the transfer function T(s). (12%)
(b) Determine the type of the filter. (3%)

8. Consider the cascode current mirror as shown in fig.p8 , SV

where all the transistors are identical with |

#rCo=100UA/V?, V;u=0.8 V and W/L =8, 100uA ()

(a) What is the maximum resistance R for the cascode
current mirror shown in the figure without any M4:| [ M3
transistors entering the triode region? (Neglect the
body effect and the channel length modulation effect M2 H_I M1
of the transistors.)  (5%)

(b) Estimate the output resistance seen into transistors =
M3, where A=0.025 V"',  (5%)

9. For the circuit shown in fig.p9 , the parameters for the NPN transistor are

VBE@en=0.7V, =120 and Vo=100V. The parameters for the NMOS transistor are

£:Cox=100uA/VZ, V:=0.8 V and W/L =8, (V=25mV)

(a) If the bias current of the NMOS transistor is set to be 100pA, find the resistance
for Rs. (Neglect the body effect and the channel length modulation effect of the
NMOS transistor.)  (5%)

(b) Calculate the small-signal midband gain Av=v,2/v;. (5%)

(c) Estimate the upper 3-dB frequency (in Hz). (Neglect the internal capacitors of the
transistors.)  (3%)

(d) Determine the pole and zero introduced by Cg;. (5%)

(e) If a capacitor of 100pF is connected between v,; and Vo2, €stimate the upper 3-dB
frequency again.  (5%)
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