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PROBLEM 1: Logical Effort with Velocity Saturated Transistors 
 
Recall HW#4, where we calculated the ratio of currents between transistors with 
minimum channel length (0.25µm) and twice the minimum channel length (0.5µm).  We 
saw that if the device was quadratic (i.e., long-channel), doubling the channel length 
(while keeping the width constant) halved the drain current.  However, in velocity 
saturation, the drain current for the 0.5µm long transistor was more than half of the 
0.25µm long transistor’s drain current.  As we will see in this problem, this makes the 
actual logical effort of our gates lower than what we might first expect. 
 
Throughout this problem, you should assume that sizing an inverter with Wp = 2Wn 
makes tpHL equal to tpLH.  Also, you should turn in your SPICE decks for parts c) and d). 
 

a) Draw the schematic for a static CMOS gate implementing the function F = 
NOT(AB+CD).   

 
b) Assuming that the devices behave quadratically (i.e., are not velocity saturated), 

size the transistors in the gate for equal tpHL and tpLH.  Still assuming quadratic 
devices, what is the logical effort of this gate? 

 
c) Using HSPICE and the sizing you calculated in part b), plot the tp,avg of this gate 

vs. fanout with A transitioning, B=1, C=0, and D=1. You should measure the 
delay at a fanout of 1, 2, 3, and 4.  Note that in this simulation, you should use 
L=0.24µm for all of your transistors.  Because of slope effects, you will need to 
be careful in setting this simulation up – please attend one of the discussion 
sessions for instructions on how to correctly set up this simulation. 

 
d) Using the simulation results of part c) and a simulation of inverter delay vs. 

fanout, what is the simulated logical effort of this gate? 
 
 
 
 
 
 
 
 
 
 



 
PROBLEM 2: Logical Effort and Gate Sizing 
 
For this problem, CG = 2fF/µm, and assume quadratic transistors for calculating LE. 
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a) What is the total path effort from In to Out? 
 
b) To minimize the delay, what should the EF/stage for this chain of gates be? 

 
c) Size the gates in this chain to minimize the delay from In to Out. 

 
d) Using this sizing, what is the delay (in units of tinv) of your chain from In rising to 

Out falling?  You can assume that the critical input of the complex gates is always 
at the “top” of the transistor stacks (i.e., the critical input is always closest to the 
output node), and that CD/CG = γ = 0.5. 

 
e) Is there a way you can reduce the total logical effort of this chain of gates by 

changing the types of only two of the gates (but still using static gates)?  If not, 
why?  If so, draw the improved schematic (you do not need to provide the gate 
sizes). 

 
PROBLEM 3: Decoder Warm-up 
 
Implementing an address decoder for a memory boils down to building an N-input AND 
gate.  For this problem, we'll be looking at a hypothetical 4-input decoder.  You can 
assume that the transistors behave quadratically for your LE calculations.  
 

a) Draw the schematic of a 4-input AND implemented as a 4-input NAND followed 
by an inverter.  What is the total LE of this implementation? 

 
b) Now draw the schematic of a 4-input AND implemented with 2 2-input NAND’s 

followed by a 2-input NOR.  What is the total LE now? 
 

c) Finally, draw a 4-input AND implemented with 3 2-input NAND’s and 3 
inverters and calculate the LE of this implementation.   

 



d) Assuming that the total LE of a 4-input AND is 2 and that the total load that this 
4-input AND needs to drive is 128 times the input capacitance of the first stage, 
what is the optimal number of stages that should be used to minimize the delay? 

 


