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1.

An pn junction operating in the forward-bias region with a current of 1 mA is found to have a
diffusion capacitance of 10 pF (at temperature of 300K). What diffusion capacitance do you
expect this junction to have at 7= 0.1 mA? (5%) What is the mean transit time for this junction?

(5%)

Figure 1 shows a circuit that performs the high-pass, single-time-constant function. Such a circuit
is known as a first-order high-pass active filter. Derive the transfer function and show that the
high-frequency gain is (-R2/R1) and the 3-dB frequency wo = 1/(CR1). Design the circuit to obtain
a high-frequency input resistance of 10 kQ, a high-frequency gain of 40 dB, and a 3-dB frequency
of 1 kHz. At what frequency does the magnitude of the transfer reduce to unity? (10%)
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Figure 1.

In the circuit shown in Figure 2, / is a dc current and v; is a sinusoidal signal with small amplitude
(less than 10 meV) and a frequency of 100 kHz. Representing the diode by its small-signal
resistance #a, which is a function of Z, sketch the circuit for determining the sinusoidal output
voltage Vo, and find the phase shift between ¥;and Vo Find the value of I that will provide a phase

shift of -45°. Assume n=1. (10%)
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4. The transistor in Figure 3(a) is biased with a constant current source / = 1 mA and has =100 and
Vi=100V. '

(a) Find transconductance (g»), small-signal input resistance between base and emitter (ro), and
output resistance (7o) (10%).

(b) If terminal Z is connected to ground, X to a signal source usig with a source resistance Rsig = 2kQ,
and Y to an 8-k load resistance, use the hybrid-r small-signal model of Figure 3(b), to draw the
small-signal equivalent circuit of the amplifier. (Note that the current source 1 should be replaced
with an open circuit.) Calculate the overall voltage gain vy /usig . If 7, is neglected, what is the
error in estimating the gain magnitude? (10%)
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Figure 3(a)

Figure 3(b)
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5. Please using four NMOS transistors to plot the cascode MOS current mirror circuit. (10%)

6. For the devices in the circuits of Figure 4, [V{ =1V, =0, unCox = 50 pA/V 2, L=1pum, and W=10
um. Find (a) V2 (5%) and (b) 12 (5%). When Q3 and Q4 are made to have W = 100 pm, how are the
values of {¢) V2 (5%) and (d) L? (5%)
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Figure 4

7. The differential amplifier in Figure 5 uses transistors with p = 100. Evaluate the following: (a) The
input differential resistance Ria. (5%) (b) The overall differential voltage gain Vod/Usig (neglect the
effect of o). (5%) {c) The worst-case common-mode gain if the two collector resistances are
accurate to within +1%. (5%) (d) The input common-mode resistance (assuming that the Early

voltage Va =100 V). (5%)




