
ECE 410 Homework 3 Spring 2012 
Due 11:30AM, on Wednesday, February 8th, 2012 

 
This homework assignment requires many physical layouts, so neatness is incredibly important.  
You may draw the layouts by hand, however if your designs are so messy that they are 
unreadable, you will lose credit for the unclear portions of your work.  Imagine that you were 
submitting this to your boss at an engineering firm or to another engineer who had to do work 
based off of your drawings. 
 
Problem 1 
A carry lookahead adder computes: 퐺 = 퐺 + 푃 ∙ 퐺 + 푃 ∙ 퐺 + (푃 ∙ 퐺 ) .  Consider the 
design of a compound gate that computes 퐺̅. 

a. Draw the logic gate level diagram for this function, and bubble push it to convert from 
inverted output to inverted input.  (showing a single step is fine, as long as it is correct) 

b. Using the diagram from part a. draw the transistor level schematic for 퐺̅ 
 
Problem 2 
Draw the silicon-level physical layout for a NOR3 gate: 퐹 = 푎 + 푏 + 푐 . 
 
Problem 3 

a. Draw the transistor-level schematic for the function 퐹 = 푎 ∙ (푏 + 푐 + 푑)  
b. Draw the Euler graph for this circuit. 
c. Is there an Euler path for this circuit?  If so, draw it.   
d. Draw the silicon-level physical layout for this circuit, using the fewest number of active 

regions possible. 
 

Problem 4 
A 3-Input majority gate returns a true output if at least 2 of the inputs are true.  A minority gate is 
its logical complement.  Draw the physical layout for a 3 input minority gate with inputs A, B, 
and C, and output F by following these steps: 

a. Write out the logical function (like F=AB would be the logical function for an AND gate) 
for a majority gate with inputs A,B and C.  

b. Write the logical function for a minority gate by inverting the entire function from part a. 
c. Can you reduce this function (without changing the truth table?  Be sure to verify that 

your logical reductions don’t change the functionality.).  Reduce the function so that you 
have a single A and two instances of B and C in your function if you have not already 
done so. 

d. Draw the transistor level circuit for the minority gate using bubble pushing to convert the 
nFET to pFET circuit.  Show the bubble pushing in your homework solutions.  Your 
transistor level circuit should use exactly 10 transistors. 

e. Draw separate Euler paths through the n- and p-FET circuits, moving through the 
transistors in the same order in both.  You will have two inputs in each circuit that share 
an input variable (B, and C.) Label the first B and the first C transistor you pass through 
in each circuit as B’ and C’.  This will help you to keep them separate when doing the 
wire routing in part g. 



f. Draw the physical layout as we have drawn them in lecture, with 5 polysilicon traces.  
Label the polysilicon traces in the same order that you moved through the transistors in 
part e. 

g. Wire the physical layout so that the transistor connections match the connections in your 
transistor circuit.  Remember that metal cannot cross other metal traces.  If you run into a 
situation where it seems like you have to cross metal over metal, try a different Euler path 
that goes through the transistors in a different order, and reorder your polysilicon traces. 

 
Problem 5  
Design a 3-input minority gate using CMOS NANDs, NORs and inverters (you can only use 
these 3 types of gates.  Draw it at the logic gate level).  Design your circuit to minimize the 
number of transistors, within these constraints.  How many transistors are required?  How does 
this compare to the design from Problem 4? 
 


