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1. Fig. 1 shows the inverting amplifier with an ideal opamp. Use this circuit to design an inverting amplifier
with a gain of 100 and an input resistance of 1IMQ. Assume that for practical reasons it is required no to

use resistors greater than 1IMQ. (12%)
(a) Derive an expression for the closed-loop gain vo/vi of the circuit (4%)
(b) If R1=R2=Ry, find the required values, R1 and Rs, to fit the gain of 100. (8%)
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2. Consider a common-emitter circuit using a BJT as shown in Fig. 2 having Is=10"°A, a collector resistance

Rc=6.8kQ2, and a power sﬁpply Vee=10V. (12%) B

(@) Determine the value of the bias voltage Vze required to operate the transistor at Vce=3.2V. What is the
corresponding value of Ic? (4%) '

(b) If an input sine-wave signal of 5-mV peak amplitude is superimposed on Ve, find the amplitude of the
output sine-wave signal (assume linear operation) (4%) |

(c) Find the positive increment in vee ( Avee above Vze) that drives the transistor to the edge of saturation,
where vce=0.3V (4%)
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3. Abipolar differential amplifier (Fig. 3) utilizes a single CE transistor current source to supply a bias current
| of 200 pA, and simple current-source loads formed by pnp transistors. For all transistors, =100 and early
voltage |Va|=10V. (12%)

(a) Find differential gain Aq (44 = 1;"2—;17"—1) (4%)

i1 Vi2
(b) Find input impedance Riq (4%)
(c) If the two load transistors exhibit a 1% mismatch in their ro’s, find CMRR (4%)
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4. Fig. 4 shows a common-source amplifier biased by a constant-current source I. Let Rsjg=0.5 MQ, Rg=2 MQ,
gm=3 mA/V, Rp=20 kQ, and R.=10 kQ. (14%)
(a) Find the midband gain Aw (2%)
(b) Find the values of bypass and coupling capacitors (Cs, Cc1, Cc2) to locate the three low-frequency poles
at 100 Hz, 10 Hz, and 1 Hz. Using a minimum total capacitance, with the capacitors specified only to a

single significant digit. (12%)
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5. (15%)
(a) Fig. 5(a) shows the Antoniou inductance-simulation circuit. Assume the op amps are ideal. What is the

equivalent inductance L seen from the node 1 (as depicted). (5%)
(b) Based on 5(a), please find the transfer function, V,(s)/Vi(s), for the circuit shown in Fig. 5(b)? (5%)
" (c) Based on 5(b), please explain why the circuit shown in Fig.5(c) is an all pass filter. [Hint:

complementary circuit] (5%)

6. Design the cross-coupled LC oscillator of Fig. 6 to operate at a resonance frequency o = 10 Grad/s. The
inductors available have inductance L = 10 nH and quality factor Q = 10. If the transistor output resistance
1o =1kQ, find the required value of C and the minimum required value of gm at which Q: and Q. are to be

operated. (10%)
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7. For the amplifier whose open-loop transfer function A(s) is depicted in Fig. 7, to what value must the first
pole frequency be lowered to obtain stable performance for the cases of (10%) ‘
(a) #=0.001 and (5%)
(b) 8=0.1? (5%)
Assume only the first pole is changed and the other poles are remain the same.
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Fig. 7

8. For the two-stage op amp and its small signal model shown in Fig. 8. (15%)
(a) Given a nonzero R¢c (M16 biased in triode region), please drive the expressfd’n of zero frequency in
terms of gmi, Ri, and Ci. (5%)
(b) There are several possibilities to choose Rc when compensating the op amp. Please state “two”
reasonable approaches in choosing the value of Rc, and give their corresponding expression of Rc. (10
%)
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