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1.

A transistor schematic of a static CMOS gate is shown in Figure 1.

F(A, B, C, D)

Figure 1. Static CMOS gate.
a) What logic function has been implemented? (2 p)
b) Show that the pull-up net and the pull-down net are complementary. (2p)

c) Size the devices so that the output resistance is the same as that of an inverter with an
NMOS W/L =2 and PMOS W/L = 3. (6 p)

d) What input pattern(s) would give the worst and best equivalent pull-up or pull-down
resistance? (4 p)

A precharged NOR gate shall be designed.

a) Draw the transistor schematic of the gate. (4 p)
b) Explain the operation of the gate. (4 p)
c) Explain how charge leakage may impose a limitation on the operation. (2p)
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Figure 2 shows a clock distribution network. Each segment of the clock network is 5 mm
long, 3 pm wide, and is implemented in metal. At each terminal node (such as X) resides a
load capacitance of CL = 100 fF. Assume a 0.25 um process with the following metal
properties: parallel plate capacitance Cp = 0.088fF/um?, fringing capacitance Cs = 0.054
fF/um, and sheet resistance Rsq = 0.1 /square.

Clock
driver

Figure 2. Clock distribution network.

a) Determine the average current of the clock driver, given a voltage swing on the clock
lines of 2.5 V and a maximum delay of 1.25 ns between clock source and node X. For
this part, you may ignore the resistance and inductance of the network. Gp

b) Unfortunately, the resistance of the metal cannot be ignored. Assume that each segment
of the network can be modeled with a simple © model. Draw the equivalent circuit and
annotate the values of resistors and capacitors. Gp

c) Determine the dominant time-constant of the clock response at node X using the Elmore
delay formula. 4p)

Draw the transistor schematic of a C2MOS latch and explain its operation. (6 p)
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Consider the signed, two’s complement 4x4 bit array multiplier shown in Figure 3.
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Figure 3. Two’s complement multiplier.

Calculate the partial products in squaring the two’s complement number 10012c. (4 p)

Estimate the delay of the critical path if a full adder has the propagation delay 0.7 ns, an
AND gate 0.3 ns, and a NAND gate 0.2 ns. 3p)

What full adders can be simplified in the multiplier above and how? 3p)

Define the terms controllability and observability. How are these properties related to

an ad-hoc test? (6 p)
For the circuit given in Figure 4, find all test patterns abc for which stuck-at-0 fault at
node m can be detected from the output z. (4p)
a m r
b—T=n
c
P z

Figure 4. Combinational circuit.
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