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1. The closed-loop circuit in Fig. 1 can be used as an oscillator.
{a) Please derive the condition to satisfy the Barkhausen criterion. What is the oscillation frequency?

[10%)]
{b) Given that R = 10 kQ, how do vou choose Ry and C to have an oscillation frequency of 100 kHz?
[10%]
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Fig. 1

2. For a MOSFET, the parameters are given as u,Co (W/L) = 8mA/V2, ¥, =1V and V, = 20 V. If the
MOSFET is operated in saturation with a dc current of 7, the transconductance is identical to that of a
BJT operating in active mode with a dc current of 0.1/,

{a) Find the value of 1. [5%)]

(b) What is the small-signal output resistance {r;} of the MOSFET? [5%]

{c} Find the intrinsic gain of the MOSFET. [5%)]

(d) i the BIT has the same value of ¥}, find the intrinsic gain of the BJT operating at a dc current
of 0.11. [5%]

3. At higher frequencies, the MOSFET is characterized by its small-sighal model by including (s and Cyy.

{a) The high-frequency current gain of the MOSFET is typically evaluated by the circuit in Fig. 3. Derive
the transfer function of the current gain T(s) = I, /L. [5%]

{b) Based on T(s), find the unity-gain frequency w, by assuming C ; is relatively small. [5%]

{c} For fixed DC voltage Vs, how does w, change as channel width doubles? Why? [5%]

(d) For fixed DC voltage Vs, how does w; change as channel length doubles? Why? [5%]
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4. Forthe circuit in Fig. 4, assume the op-amp is ideal and the resistors are givenas R = 5 kQ, R, =
10 kQ, and R, = 20 k.
(a) GivenIs = 1 X 107*° 4 for the diodes, find the output voltage when v; = 1 V. [5%]
{b) !f the diodes are ideal, plot the voltage transfer curve (plot of v, versus v}, Find the output
voltage when v; = 1 V. [10%]

Fig. 4

5. Assume (; and (; are ideal coupling capacitors for the circuits in Fig. 5.
(a) For the circuit in Fig. 5(a), find the input resistance {R;,), output resistance {R,) and open-circuit
voltage gain {4,,) of the amplifier, [15%]
(b} For the circuit in Fig. 5(b), find the bias current I needed to obtain a voltage gain (v, /v;) of 15.
{10%]
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