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PROBLEM 1: Inverter Chain 
 
In this problem you will optimize the delay of a chain of four inverters. The load 
capacitance is CL=64*Cin, where Cin represent the capacitance of the first inverter in the 
chain. Assume that the input capacitance of the first inverter is Cunit, γ=0.8, and tinv is the 
unit delay of an inverter as defined in lecture ( i.e., tp = tinv(γ+f) ). 
 

 
 

a) Size the inverters (with respect to Cin) to minimize the delay. 
b) What is the optimal delay? 
c) Now add an additional, fixed capacitive load of 500*Cin after the 3rd inverter in 

the chain. With the same sizing as in part a), now what is the delay of the chain? 
d) [BONUS] How could you modify design of the chain (i.e., change sizes, add or 

remove stages, etc.) to improve the delay of the circuit from part c)?  
 
PROBLEM 2: Complex Logic and LE 
 
For this problem assume that γ=0.8 and tinv is the unit delay of an inverter as defined in 
lecture ( i.e., tp = tinv(γ+f) ). Express all the delay values in terms of tinv.  
 

a) Implement the logic function given by the expression shown below as a complex 
CMOS gate followed by an inverter. Assuming the complex gate is sized for 
equal rise and fall delays, what is its LE? 

 
Out= AB+CD 

 
b) Implement the same logic function using only NAND2, NOR2, and inverters. 
c) Add a load capacitance of CL=128*Cin at the output of your circuit from part a). 

Now size the circuit to minimize the delay. What is the minimum delay?  Note 
that you can assume that it is always the input closest to the output node that 
switches – i.e., you do not need to include any of the parasitics on the 
intermediate nodes of the complex gate when calculating delay. 



d) Add a load capacitance CL=128*Cin at the output of your circuit from part b) and 
size the circuit to minimize the delay. Note that Cin in parts a) and b) must be 
equal. Now what is the minimum delay?  

 Hint: You might want to change the implementation from part b) so that the 
 circuit has a total number of stages that is close to the optimal one. Also, pay 
 attention to which gates are better drivers and try to rearrange the circuit so that 
 they are placed closer to the load. 
e) Compare the implementations from part c) and d) from the standpoint of total 

transistor width (which is related to the overall area and power of the design). 
f) If CL=2*Cin, which implementation is now faster? Which one is better in terms of 

total transistor width? Note that you do not need to repeat all of the calculations; a 
well-explained, intuitive answer will receive full credit. 

 
PROBLEM 3: Switch Model and LE 
 
In this problem you will use the switch model to find the delay of NAND2 and NOR2 
gates and estimate what the LE of these gates are. Assume that in our technology the gate 
capacitance CG = 2fF/µm and that the junction capacitance CD = 1.6fF/µm. Also assume 
that Rp=20 kΩ/□ and Rn=10 kΩ/□. 
 

a) Using the switch model, calculate delay of a NAND2 driving 4 identical copies of 
itself when the bottom input (i.e., the transistor that is closest to the power supply) 
switches. You should calculate the delay for both the rising and the falling edges. 

b) Repeat part a) for a NOR2 gate when the input that controls the top-most PMOS 
(i.e., the one closest to Vdd) switches. 

c) Using HSPICE and the graphical method described in class, extract the LEs of the 
NAND2 and NOR2 gates. Assume that for NAND2 it’s always the bottom input 
(one closest to ground) and for NOR2 it’s always the topmost input (one that is 
closest to Vdd) that is switching.  How do these extracted values for LE compare 
with predictions from the simple switch model?  
 
Note that to measure the delay and extract LE, you should use the circuit from 
HW#2 and HW#3 with the chain of 4 NAND2 (4 NOR2) gates each having the 
same fanout. An example for a chain of NAND2 gates each having a fanout of 4 
is shown in figure below (A is the bottom input). 

 

 


