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1. (15%) For a cascode current source, where p1,Co,= 100 WA/V?, [Vpl= 0.7 V, A=0.05 V"', and W/L= 50 for all

devices:
(a) What is the advantage of using a cascode current source? (5%)
(b) Determine Rqy:. (5%)
(c) Find the maximum V, to keep M;, My in the saturation region. (5%)

Vpp= 5V
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2. (15%) For a two-stage CMOS operational amplifier:
(a) Determine the low-frequency small-signal gain. (5%)

(b) Determine the 3-dB frequency f. (5%)
(c) Determine the phase margin. Neglect the impact of the zero. (5%)

Vo= 2.5V
Ro NMOS PMOS
Q 100 pA IES BnCox= 100 pANVZ 11 C,, = 50 pA/V2
V=07V [V|=0.7V
) ﬁ M, V,= 40 V VA= 40 V

T (WIL),= (W/L),= 100
o (WIL)= 100, (W/L),= 200

| 7 D | ©(WIL)s= (W/L)g= 50
E]l M, ’IEE =  Rp=1kQ, Ce=0.2 pF, and C_= 0.5 pF
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3. (15%) The basic amplifier (before adding feedback) has a low-frequency gain of 10°, and fp= 27x10° Hz.

(a) Identify the feedback type of this circuit (5%)

(b) After applying the feedback network, the gain of the circuit drops to 10°. Estimate the bandwidth of the new
circuit. (5%)

(c) Determine Ry if Ry is 10 € for a closed-loop gain of 10°. (5%)
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4. (5%) Circle the correct descriptions from the following items (multiple choices):

(a) Common-gate amplifier can be used as a voltage buffer.

(b) Active-loaded amplifier consumes a larger chip area comparing with the resistive-loaded one.

(c) BJTs have a higher intrinsic gain than MOSFETs.

(d) Negative feedback can alter the input/output resistances of an amplifier.

(e) The gate-drain capacitance in a MOSFET mainly origins from the overlap capacitance between the gate

oxide layer and the drain diffusion region.

5. (15%) Please plot the frequency responses (magnitude and phase) of v,(jw)/vi(jw) for the two networks
below. You can sketch the curves and mark the important magnitudes, phases, and slopes along the frequency

axis. Please provide the unit of the frequency in the plots.

R R L

(a) (b)
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6. (10%) Analyze the circuit below to determine the voltages at all nodes and the currents through all branches.

Assume = 100.
15y

100k = vk
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8. (13%) The schematic as shown in a Wien-bridge oscillator. Please calculate the ratio of R|/R; such that the

oscillation can start to happen, and indicate the oscillation frequency.

R %

Ideal op-amp
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