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1. A domino logic circuit realizing the function F(A, B, C) is shown in Figure 1. The parasitic 
capacitances Cx, Cy, CG, and CF have been indicated in the schematic. 

 

Figure 1.  Schematic of a domino logic circuit. 

a) What logic function F(A, B, C) has been implemented? (2 p) 

b) What is the purpose of the MOSFETs clocked with Ø? (2 p) 

c) Can charge sharing occur in the circuit? Motivate your answer. (2 p) 

d) Size the devices so that the worst-case output resistance of node G is the same as 
that of an inverter with an NMOS W/L = 3 and PMOS W/L = 5. (4 p) 

 

2. An NMOS transistor is plugged into the test configuration shown in Figure 2. Determine the 
operation region, VD, and VS for the two cases below. For simplicity, assume l = 0 and g = 0. 

 

Figure 2.  Test configuration for NMOSFET. 

a) R = 10 kΩ. (5 p) 

b) R = 30 kΩ. (5 p) 
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3. A NAND gate shown to the left in Figure 3. To the right in Figure 3, there is a plot showing 
the output responses of the circuit due to different input transitions. 

 

Figure 3.  NAND gate and its output response due to different input patterns. 

a) Draw an equivalent RC switch model for this circuit that includes internal node 
capacitances. (4 p) 

b) Explain why case A = 1®0, B = 1®0 has the smallest delay. (3 p) 

c) Explain why case A = 1®0, B = 1 is slower than case A = 1, B = 1®0. (3 p) 

 

4. A wire is used to connect two inverters as shown in Figure 4. The wire has length L = 50 mm, 
resistance per wire length r = 0.075 Ω/µm, and capacitance per wire length c = 0.11 fF/µm. 

 

Figure 4.  Two inverters connected by a long wire. 

a) Estimate the propagation delay between the input ‘in’ and node ‘B’ of this circuit. 
Assume the inverters are identical and have an inherent propagation delay tinv = 35 ps 
and equivalent input/output capacitances Cin = Cout = 5.0 fF. (6 p) 

b) What will be the propagation delay when an extra inverter is placed as a repeater in the 
middle of the wire? Assume the same delay and capacitances for this inverter as for the 
other two. (4 p) 
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5. Design a 3-bit Carry-Lookahead Adder (CLA) with inputs , , carry in 

cin, and outputs  and carry out cout. 

a) State Boolean functions of the output bits si using propagate and generate functions. (3 p) 

b) State the Boolean function of cout using input bits ai, bi, and cin. (3 p) 

c) Estimate the critical path of an implementation that uses instances of gates with 
propagation delay according to Figure 5 below. (4 p) 

Gate Propagation delay 
AND = x·y 50 ps 

ANDOR = x·y+z 70 ps 
XOR = xÅy 90 ps 

Figure 5.  Propagation delay of some basic gates. 

 

6. Consider Design for Testability (DfT) for digital ICs. 

a) What is observability? (2 p) 

b) What is controllability? (2 p) 

c) What is an ad-hoc test? (2 p) 

d) What is a scan-based test? (2 p)  

e) What is a built-in self-test? (2 p) 

 

A = ai2
i
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2
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