
Homework 3 Spring 2019  TA: Abdullah Al-Obaidi  

 

Notes: 

Multiple problems (ones involving logical functions implementation and Verilog) have multiple 
correct answer. Only one example is shown below. 

Problem 1: 

𝑌𝑌 = (𝐴𝐴𝐴𝐴 + 𝐶𝐶)𝐷𝐷�������������� 

One possible design with static CMOS gates, 

 

This design uses 16 transistors. 

The below is one design for a compound CMOS gate 

 

This design uses 8 transistors 

 

 

 

 

 

 



Problem 2:  

𝑌𝑌0 = 𝐴𝐴0���(𝐴𝐴1 + 𝐴𝐴2���) 
𝑌𝑌1 = 𝐴𝐴0��� ∗ 𝐴𝐴1��� 

 

 
Problem 3: 

For minimum sized 2 input NOR, 

𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆 = 2𝑘𝑘Ω,𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆 = 6𝑘𝑘Ω,𝐶𝐶 = 60𝑓𝑓𝑓𝑓 

𝑇𝑇𝐿𝐿𝐿𝐿 = 2 ∗ 𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆 ∗ 𝐶𝐶 = 12𝑘𝑘 ∗ 60𝑓𝑓 = 720 ∗ 10−12𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 720𝑝𝑝𝑝𝑝 

  



Problem 4: 

 

 

 

 

 

 

 

 

 



Problem 5: 

 

Middle stage can also be realize by splitting it into an inverter and a transmission gate 

Problem 6: 

 

 



Problem 7:  
Correct Diagram: 

 

 

Problem 8:    

a) 𝑅𝑅𝑆𝑆_𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 2.8∗10−8

0.2∗10−6
∗ 240

5
+ 2.8∗10−8

0.2∗10−6
∗ 40−5

5
= 7.7Ω  

𝑉𝑉𝑤𝑤𝐴𝐴𝑤𝑤𝑤𝑤 = 5 ∗ 50
50+7.7

= 4.33 𝑉𝑉       
 

b)  𝑅𝑅𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 4.675 Ω  

𝑉𝑉𝑅𝑅𝑤𝑤𝑅𝑅𝐴𝐴𝑅𝑅𝑅𝑅𝑅𝑅𝑤𝑤 = 5 ∗ � 50
50+4.675

� = 4.572 𝑉𝑉      

c) 𝑉𝑉𝑅𝑅𝑆𝑆 < 5𝑉𝑉 ∗ 5% = 0.25𝑉𝑉 
5𝑉𝑉 ∗ � 𝑅𝑅𝑊𝑊

50+𝑅𝑅𝑊𝑊
� < 0.25𝑉𝑉 →  𝑅𝑅𝑆𝑆 < 2.632 Ω     

𝑅𝑅𝑆𝑆 = 7.7 ∗ 5𝜇𝜇𝐴𝐴
𝑆𝑆𝐴𝐴𝑊𝑊𝑅𝑅ℎ𝑤𝑤𝑤𝑤𝐶𝐶𝐶𝐶

→ 𝑊𝑊𝑊𝑊𝑠𝑠𝑊𝑊ℎ𝑆𝑆𝐴𝐴𝑤𝑤𝑤𝑤 ≥ 14.63 𝜇𝜇𝜇𝜇    

 

Problem 9:   

Each inverter has 𝐶𝐶𝐿𝐿 = 1.5 𝑓𝑓𝑓𝑓 + 1.5 𝑓𝑓𝑓𝑓 = 3𝑓𝑓𝑓𝑓    
total load capacitance 𝐶𝐶 = 3 𝑝𝑝𝑓𝑓 ∗ 6 = 18 𝑓𝑓𝑓𝑓    
𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆 = 6𝑘𝑘Ω  𝑇𝑇𝐿𝐿𝐿𝐿 = 6 𝑘𝑘 ∗ 18 𝑓𝑓 =  108 ∗ 10−12𝑠𝑠 = 108 𝑝𝑝𝑠𝑠  

 

 

 

 

 



Problem 10:  

This is one simple implementation. The mux module and the test bench can be made in multiple 
ways.  

Base Code: 

 
 

Test bench Code: 

 

 

Simulation results: 

 

 


