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1. The BiCMOS circuit shown in Figure P1 is equivalent to a pnp bipolar transistor with
infinite input impedance. The bias current is Io= 0.5mA. The MOS parameters are Vp
=-0.5V,kp=0.7mA/V%, and A = 0, and the BJT parameters are f= 180, Vge(on) = 0.7
V, and V4 = oo, (a) Sketch the small-signal equivalent circuit, and calculate the
small-signal parameters for each transistor. (b) Determine the small-signal voltage gain
Ay=vo/v;for (1) R, =10KQ and (ii) R, = 100KQ. (c) Find the small-signal output
resistance Ro. (Total 30%, each item 10%)

Figure of P1

2. Consider the circuit in Figure P2. Assume idea op-amps are used. (a) Derive the
expression for the current io as a function of input voltages v;; and vp. (b) Design the
circuit such that io = SmA for vy = 0.25 Vand vp =-0.25 V. (¢) using the results of part
(b), determine vo; and vo, if Ry = 1K Q. (d) Determine ip, vo;, and vg, for R =500Q) , Rg
=3KQ,va=125V,andvp=1.75V. (Total 20%, each item 5%))
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Figure of P2

3. A three-stage CMOS operational amplifier circuit is shown in Fig. P3. The transistor

parameters are Vin = 0.7V, Vip = -0.7V, k" = 80uA/V, k,” = 40uA/V2, 2 ,=0.01 V',
»=0.015 V"', Assume Iggr = 160 pA and W/L of Mg is 25/4. (a) The overall

differential voltage gain can write as Ay = Ag; A, As, Find Ay = Voi/(v2-v1). (b) Find A, =
Vo2/Vor. () The last stage is a class-AB output stage formed by Mg, M7 and Mg, Find the
standby current, Ing, of Mg and M7 (Ing = Ipgs = Ipg7).  (Total 30%, each item 10%)

4. The saturated output voltages are +Vp for the Schmitt trigger in Figure P4. (a) Derive the
expressions for the crossover voltages Vg and V. b)Y IfVe=12V, Vrgr =-10V, and
R3 =10K (2, find R and R; such that the switching point is Vs = -5 V and the hysteresis
width is 0.2 V. (¢) If Vrgr = -6 V, sketch the voltage transfer characteristics.

[Total 20%, (a) 10%, (b) 5%, (c) 5%]
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