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Unless otherwise noted, you should assume the following parameters for all of the 
problems in this homework: 
 
NMOS: 
L=100nm, VTn = 0.2V, µn = 400 cm2/(V·s), Cox = 1.125 µF/cm2, vsat = 1e7 cm/s,  λ = 0 

PMOS: 
L=100nm, |VTp| = 0.2V, µp = 200 cm2/(V·s), Cox = 1.125 µF/cm2, vsat = 1e7 cm/s, λ = 0 
 
Problem #1: “Weird” gate 
 
Shown below is a gate made out of two inverters with their outputs shorted together. 
 

 
 
a) Using the velocity saturation model, calculate what Vout is for all 4 states of the input 
signals (i.e. A=B=0; A=1, B=0; A=0, B=1; A=B=1). What is the logic implemented by 
this gate? (You can assume that VDS<<ECL) 
 
 
 
 
 
 
 
 
 
 



b) Using the velocity saturation model, calculate the current for each of the circuits 
below: 

 

  
c)  Based on your answers from part (b), what are the logical efforts of NAND2, 
NAND3, NOR2, and NOR3 gates in this technology? 
 
 
 
 
 



Problem #2: Transistor Capacitance  
 
Throughout this problem, you should assume that the total gate capacitance of a 
minimum length transistor follows the curve shown below (all of the transistors in this 
problem are minimum length). However, keep in mind that as the transistor changes 
regions of operation, the way that the total capacitance is divided between the other 
terminals (source, drain, and body) changes. For this problem, VDD = 1.2V; all of your 
answers should be provided in terms of Cov, Cox, VT, and VDD. 
 

 
 

a) For the circuit below, plot the total gate capacitance as a function of Vin. 

  
b) Given the circuit in part (a) and examining the capacitance curve, calculate the total 
charge when Vin rises from 0 to VDD/2. Now, calculate the value for a linear capacitor 
that would require the same total charge over the same voltage swing. Repeat the 2 steps 
above when Vin is lowered from VDD to VDD/2. (Your answers should be in terms of VDD 
and VT) 
 
c) Using HSPICE and the capacitance calibration procedure described in the lecture, find 
the linear input capacitance per µm that best matches the delay of an inverter with 
minimum channel length transistors (use Wn = 1µm, Wp = 2µm for the inverter). The 



discussion sessions will cover the syntax needed to perform optimizations in HSPICE (to 
find the best fit capacitance), so be sure to attend if you have not used this HSPICE 
feature before. 
 
d) Repeat part (c) but for VDD=0.8V 
 
 
Problem 3: Power and Delay 
 
In this problem, we will explore some of the tradeoffs between power and delay. Assume 
Vdd=1.2V and that Cg=Cd=2fF/µm. 
 

Wp=2um

24fFWn=1um

 
 

a) What is the leakage current of the inverter when the input is high? How about 
when the input is low? Assume that Ion=5nA, Iop=1nA, kT/q=25mV, and n=1.5.  
(Don’t forget that the leakage current is proportional to the W/L of the 
transistors.) 

 
b) If the inverter is driven by a 1GHz, 50% duty cycle clock, what’s the average 

leakage power consumption? What is the total power consumed?  You should 
include the power dissipated by driving the input of the inverter. 

 
c) Using the VT* model of the transistor (you should calculate VT* based on the 

device parameters given at the beginning of this homework), what is the delay for 
this inverter if we assume the input is a step? Note that while your final answer to 
this problem will be numerical (or plots with numbers on them), you should 
provide us with all of the equations you used to calculate your result. 

 
d) Using the equations you developed in parts b) and c), how much power you can 

save by changing the supply voltage if you allow the delay to increase by 10%? 
 


