
1. What is the logic function of the following gate? 
 

 
 
O=ABCD 



 
 
 
 



 
 
 
2. Consider the following stick diagram. Draw the electrically equivalent 
transistor-level Schematic. What logic equation does the circuit implement? 
 

 
O=~(AB+E).(C+D) 
 
 
3. Consider the logical expression 
out= ~( (a+b) • (c+d) ) 
. Convert this to a schematic diagram for static CMOS logic, then convert it to a 
stick-diagram layout (as in question 1). 
 
 



4. Provide a side-view diagram for each of the cuts X and Y through the layout 
below. Be sure to label each of the strata. Label your endpoints for the X cut, so it is 
clear which end is which. 
 
  
 

 
 
 
 
 
 
 
 
 
 

 
 
 



5.  Determine the Elmore delay from Node a to Node b in the following 
circuit. 

 

 
 
6. What is the output function of the following circuit? 

 
 
XOR  

 



7. Consider the CMOS circuit shown below In the figure, the W/L ratios for 
each gate apply to both NMOS and PMOS transistors. We want to determine the 
delay from a rising transition (0 → 1) …… 
A. Assuming that the rise and fall times are good approximations of the 
propagation delay, determine the delay from X to Z, in terms of τ, when Y = 0.  
B. Now, assume that Y = 1. What is the new value for the propagation delay from 
X to Z? Can you comment on this? 

 

 
 



8. The circuit shown below uses two identical rising edge triggered Flip-Flops. 
Assume that for both Flip-Flops, …… 

A.Complete the following timing diagram for the circuit. Assume the initial states 
of Q1 and Q2 are 0, and have remained at 0 for a long time (but no clock edge 
has come along yet to latch the 1 value at D1). 
 
 

 
  



B. What is the minimum clock period of this circuit that will assure that it works? 
Describe the critical path. 
Above 
 
9. Consider the circuit below, left. Modules A and B have a delay of 20nsec and 
65nsec at 5V and switch 30pF and 112pF, ….. 

 
 
 
 

 
 



 
10. The serial NMOS transistors in the logic section of the CPL gate shown below 
are clearly on the critical path. We have extracted that critical path in the figure 
shown below. ….. 
 

 

 



 
11. Design a 4 input multiplexer (see the truth-table below for its fuction) in 
the complementary pass-transistor logic style using a minimum number of 
transistors. 

 

 
 
 
 
 
 



1) You have a carry-bypass adder with 4 bits per stage but you find that it is 
too slow 
for large total number of bits. Being lazy to go for a different design, you pipeline 
the 
adder. A 12-bit section of your circuit is shown in Fig. 4. Answer the questions 
(a)-(b) 
in terms of the total number of bits, N, and the following one-bit delays: 
tppg delay through the propagate/generate block = 0.6ns 
tpcarry delay of a single carry bit = 1ns 
tpsum delay of a single sum bit = 2ns 
tpmux delay of the multiplexer = 0.4ns 
tpreg delay of the register = 0.5ns 

 



a) (4 pts) What is the minimum clock period you can use for your N-bit adder? 
(i.e.

 
 
b) (3 pts) How many clock cycles does it take for the first N-bit addition to 
complete? 

 
 
 

 

 
 



 

 

 

 
 

 
 




