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In all answers, please show full working and intermediate results.

1. (a) (5 marks) Suppose a PMOS transistor is used to charge a load C'y, from 0 V to Vpp. What
would be the effect on the energy consumption of this circuit if the width W of the transistor
were doubled?

(b) (5 marks) Explain the relationship between the equivalent resistance of a MOS transistor and its
(W/L) ratio.

(c) (5 marks) Suppose we fabricate three transistors. Transistor A has dimensions W = L =
0.25p4m, B has dimensions W = L = 0.5um, and transistor C has W = L = 25um. We
then measure their drain current, /pgs with Vps = Vgg = Vpp. Will their drain currents be
different? Explain your answer.

(d) (5 marks) Give a reason why PMOS transistors are typically made larger than NMOS transistors
in a CMOS inverter.

(e) (5 marks) Explain how velocity saturation is handled in the unified MOS transistor model.

2. Consider a complementary CMOS inverter with the following parameters: Vpp = 2.5V, Wy =
0.375um, Ly = 0.25um, VTOx = 0.43V, yx = 0.4V%5, VDSATy = 0.63V, K} = 115 x
10764/V2, Ay = 0.06V~L. Wp = 0.75um, Lp = 0.25um, VT0p = —0.4V, yp = —0.4V05,
VDSATp = -1V, Kjp = =30 x 10754/V%, Ap = —0.1V "1,

(a) (5 marks) What is the switching threshold of this inverter?
(b) (10 marks) Suppose that this inverter is driving a 1 pF load. Using the formula

calculate the ¢, gy, of this inverter?

(c) (10 marks) Suppose the inverter is connected to no load (i.e. C'r, = 0). What is the maximum
value of short circuit current, Isc which will pass through the two transistors and at what input
voltage level does it occur?

3. (a) (10 marks) Draw a static CMOS complementary gate which implements the function f =
A.(B + C) (where . is the logical AND function and + is the logical OR function). Indicate
the size of the NMOS and PMOS devices so that the output resistance is the same as that of an
inverter with an NMOS W/L=3 and PMOS W/L=6.

(b) (10 marks) Draw a domino logic implementation of a gate which implements the function f =
A.(B+C).

(c) (5 marks) Using a diagram, explain how charge leakage affects the minimum operating fre-
quency of a domino logic circuit.

Question 4 is on the next page
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Figure 1: A true single phase clocked (TSPC) logic latch.

(a) (5 marks) Draw the schematic of a two stage, negative edge triggered dynamic shift register
which only uses inverters and transmission gates. You can assume that non-overlapping clocks
are available.

(b) (10 marks) Explain why the true single phase clocked (TSPC) latch of Figure 1 can race if the
slope of the clock is not fast enough.

(¢) (10 marks) Draw a transistor level schematic of a TSPC latch which computes the logical OR of
two inputs A and B and latches the result.




