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1. (10%) (a) Describe the Early effect in MOSFETS and explain its occurrence mechanism (5%). (b) Define

depletion-mode MOSFETs and highlight the distinctions from enhancement-mode MOSFETS (5%).

2. (20%) A full-wave bridge-rectifier circuit with a 1-kQ load operates from a 120 V (rms) 60 Iz household
supply through a 12-to-1 step down transformer having a single secondary winding. It uses four diodes as
shown in Figure 1, each of which can be modeled to have a 0.7 V drop for any current.

(a) What is the peak value of the rectified voltage across the load (5%)?

(b) For what fraction of a cycle does each diode conduct (5%)?

(c) What is the peak inverse voltage of each diode (5%)?

(d) If the ripple voltage is to be smaller than 0.3 V, determine the required value of the filter capac1tor in
parallel with the load resistance (5%).

3. (20%) The NMOS and PMOS transistors in the circuit of Figure 2 are matched with ka=ky= 1 mA/V?
and V= [Vipl= 1 V. Please find ipn and ipp for (a) vi= 5V (10%) and (b) vi = 2.5 V (10%).

4, (30%) Figure 3 shows a three-stage amplifier in which the stages are directly coupled. For our purposes
here, we shall assume that the capacitors are large enough to act as perfect short circuits at all signal
frequencies of interest. Thermal voltage Vris 25 mV,

(a) Find the dc collector current in each of the three transistors. Assume [Vge | = 0.7 V (forward bias), f =
100, and neglect the Early effect (15%).

(b) Find the input resistance Rin and the output resistance Rou (10%).

(c) Evaluate the voltage gain vo/vi (5%).

5. (20%) The transistors in the circuit of Figure 4 have = 100, Early voltage Va =100 V, and C, = 0.2
pF. At a bias current of 0.1 mA, fr = 200 MHz. Thermal voltage V' is 25 mV. Find an estimate of the

upper 3-dB frequency fx by the method of open-circuit time constants (list each time constant),
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