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1. Fig. 1 shows a circuit that performs the high—pass transfer function.
(1) Derive the transfer function of this circuit and identify its high-frequency
gain and 3-dB frequency. (4%)
(2) Determine the values of R;, R, and C to obtain a high-frequency input
resistance of 10 k(), a high-frequency gain of 40 dB, and a 3-dB frequency
of 1000 Hz. (6%)

{ (3) At what frequency does the magmtude of the transfer function reduce to
unity? (4%)

2. It is required to design the active-loaded differential MOS amplifier of Fig. 2 to
obtain a differential gain of 50 V/V. The technology available provides p,Cox
41pCox = 400 PA/VZ, [V=0.5 V, and [V ' |=20V/um (channel length modulation
effect) and Vpp=Vgs= 1V. Use a bias current I=200pA and operate all devices at
[Vov[=0.2V (overdrive voltage).

(1) Find the W/L ratios of the four transistors (Q1,Q2,Q;s,and Q). (4%)

(2) Specify the channel length required of all transistors. (4%)

(3) Iflis delivered by a simple NMOS current source operated at the same Vv,
for V=0, what is the allowable range of v,? (4%)
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The open-loop gain of an amplifier has break frequencies at =100 kHz, £,,=200
- kHz, and fi3=1 MHz. The low-frequency (or DC) gain is A,=800, and the
feedback factor is B=0.5. Please calculate

(1) The gain crossover frequency. (4%)

(2) The phase margin. (4%)

An amplifier with open-loop voltage gain of 10* and poles at 10° Hz, 10° Hz, and
10°Hz is to be compensated by the addition of a dominant pole to operate stably
with a closed-loop gain of 30 dB with a 45° phase margin, what new pole
frequency should be used? (6%)
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5. (1) Asecond-order filter has the transfer function
1
S2+(10+ a)S+ 25
Find the range of ¢ for which the filter can operate stably? (4%)
(2) What type of this filter can be realized as the following transfer function?
Explain why? (8%)

T(S) =

S(S% +0.01)(S? + 4)

T(S) =
(8= (S% +0.85 + 0.52)(S2 + 0.56S + 0.18)(SZ + 0.565 + 0.86)

6. A waveform generator circuit is shown in Fig. 6. Ifthe op amps have saturation
voltagesof £ 10V, given C=0.01mF,R; =10k, R,=20k(Q,andR=50k
Q.
(1) Sketch and label the waveforms v, and v,. (10%)
(2) Determine the frequency of waveform v,. (5%)
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Fig. 6

7. Consider the circuit shown in Fig. 7 with parameters of v, = 5xsin(e t) volts
where w =20007 radians/sec, C, =C, =14F and uncharged initially, the cut-in

voltage of both diodes ¥, while the forward diode resistance r, =0Q, reverse

breakdown voltage = 100 V, saturation current = 2.5x107° A.
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(1) What are the maximum and minimum voltage of v, when V, =0 for Fig. 7(3)?_
(4%)

(2) Assume V=0 for F1g 7(a). Sketch waveforms of v, and v, along with
v, starting from ¢ =0sec to 3 ms. (10%)

(3) Assume V, = 0.7V for Fig. 7(b). What are the maximum and minimum voltage

of v,? (4%)

'+‘ Yci -
|1 ——O
1 +
G
Vi D1 V Vo
\ 4 0
(a)
+ v — @ vpz +
|
| 1 ——p—
Cl + Dz
+ —_—r
Vi \_ VD1 SZ D1 - Vo
- o
+
L 4 — Lo
(®)




R (D,208, 200 TR A 03B T A 55 H REE
R BTREATZ TN - WHAUBET RIS | BRSSO

|=HHE B ot 0292+ B
X EAFER  ARETERES . ERSEECHES  RAHBEELIESE AT

8.  Consider the circuit shown in Fig. 8 with parameters of Vpp=5V, 5 Cox=40 1
A/VE and 1t p Co=20 L A/V? , V= Vipl=1V,  (W/L)g1 = (W/L)qs= 2 £ m/1 um,
(W/L)qz2= (W/L)qs =4 x (W/L)q1, (W/L)qs= (W/L)qs= (W/L)q7= (W/L)qs.
Note that B and B are outputs while Set, Reset, and Clk are inputs. Clk is the clock signal.
Set and Reset are complementary signals, i.e., when Set = Vpp, Reset = 0; vice versa.
(1) Determine the minimum W/L for both Qs and Qg required to ensure that the
two back-to-back inverters of the circuit will switch at half of Vpp when inputs
Set and Clk are Vpp. (7%) '
(2) Find the minimum W/L for both Qs and Qg such that switching is achieved
when inputs Set and Clk are half of Vpp, (8%)
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