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1. (15%) A third-order low-pass filter has transmission zeros at ® = 5 rad/s and at ® = oo. Its natural
modes are at s = —2 and s = —0.3 % j0.6. The dc gain is unity. Find the transfer function T'(s).

2. (30%) In the circuit of Fig. 1, the NMOS transistor has |V;] =0.9 V, and V, =100V, and operates with
Vp = Vgs =2 V. (a) What is the voltage gain v, /v; ? (10%) (b) What does V;, become when I increase
to 1 mA? (10%) And (c) what is the new gain? (10%)
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3. (30%) The current-steering circuit of Fig. 2 is fabricated in a CMOS technology for which kJ, = 90
uA/V2, kp =30 nA/V2, V,,, =0.8 V, and Vip =-0.9 V. If all devices have L =2 pm, design the circuit
so that Ipgp = 20 pA, I, = 100 pA, and I5 = 40 pA. Use the minimum width of 2 um for as many of]
the devices as possible. (a) Give the required width for each transistor and the value of R required.
(10%) (b) What is the highest voltage possible at the drain of 0,? (5%) (c) What is the lowest voltage
possible at the drain of Q5? (5%) If Vy, =6 L and |V, | = 10 L, where L is in pm and V,,, and V,, are
in volts, (d) find the output resistance of the current source O, (5%) and (e) the output resistance of]
the current sink Qs. (5%)
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4. (25%) In the emitter follower in Fig. 3, the signal source is directly coupled to the transistor base. If]
the dc component of vy is zero, (a) find the dc emitter current. Assume § = 120. (5%) Neglecting 7,),
(b) find R;, (5%) (c) the voltage gain v, /v, (5%) (d) the current gain i, /i;, (5%) and (e) the output
resistance R, . (5%)
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