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EE311  Homework #1 
Assigned: April 11, 2006  

Due: April 19, 2006 
 
Problem 1. (40 points) The objective of this problem is to assess the effects of scaling on 
the power dissipation and transistor performance.  
 
We will look at scaling trends for both the High Performance (HP) and Low Standby 
Power transistor applications (LSTP). For simplicity we neglect gate leakage in our 
analysis. 
 

Year 2007 2010 2013 Year 2007 2010 2013 
  MPU ½ pitch 68 45 32   MPU ½ pitch 68 45 32 
LG (nm) 25 18 13 LG (nm) 45 28 20 
EOT (elec) (A) 18.4 13 9 EOT (elec) (A) 18.4 12 9 
VDD (V) 1.1 1 0.9 VDD (V) 1.1 1 0.9 
VT (mV) 165 151 148 VT (mV) 165 151 148 

 
 
Let us consider the power dissipation issues  
  
a)  There are three distinct components of power dissipation for a transistor, i.e., 
dynamic, 

source/drain leakage and gate leakage power dissipations. (30pts) 
 
i) Calculate and plot the two components of power dissipation per unit micron 

width for an NMOS transistor vs. technology node.  
ii) Plot the total power dissipation vs technology node as well as the fraction of 

the static power dissipation to the total power dissipation. 
iii) Finally, plot the total power dissipation vs. clock frequency with the implicit 

parameter being the technology node. 
 

For these calculations you will need the following.  
The switching activity is 0.1 for the transistor (a very typical number on actual 
chips).  
 
Inverter delays are measured in multiples of FO4- the delay of a stage with a 
fanout of 4. Buffer stages are designed for this fanout for minimum overall 
delay. You can get an estimate of clock period by assuming it to be 16 FO4 
inverter delay, where FO4 inverter delay is approximately 15CV/Ion, where C 
is the effective gate capacitance of the NMOS. 
 
The On current remains constant at 1mA/um across technology nodes for the 

HP case and 600µA/µm for the LSTP case. 
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For the source/drain leakage power calculations, assume a subthreshold slope 
of 70mV/decade for all technology nodes, and the current at Vt to be 
approximately 100nA*W/Lgate. 
 

 
iv) All the above results were obtained using ITRS scaling scenarios. Now 

consider an alternate scaling scenario, where Vdd is scaled as before, but Vt 
remains constant. Repeat i) through iii).  Compare the total power dissipation 
vs. clock frequency for the two scaling scenarios by plotting them on the same 
graph. Do this only for the HP case. What inferences can you draw? (10pts) 

 
For the clock frequency calculation you will need Ion for these calculations, 
assume that to roughly scale as (Vdd-Vt)1.2. 

 
Use papers posted on the class web page if you need any other information to solve these 
problems. Extrapolate where the information is missing. 
 
 
You can use excel, matlab, mathematica, C program etc. but please show the work. 
 
Problem 2. 
(10 points) Please answer the following questions in a couple of sentences clearly stating 
reasons for each. You can refer to the ITRS Reports to help answer them 
 

a. In a CMOS inverter, which biasing has worst case gate leakage for NMOS? 
Which condition will have worst case biasing for PMOS? 

b. Assuming that you need 4-orders of magnitude change in the drain current in both 
the NMOS and the PMOS for efficient operation, what would the minimum VDD 
for operation of this inverter? Assume a sub-threshold slope of 60mV/dec and 
sub-threshold operation of transistor. 

c. Can we scale VDD infinitely? What would limit the scaling of the supply voltage? 
Use the static CMOS inverter as a representative circuit. 

d. Can the CGATE capacitance scale infinitely? What would limit it in a bulk 
MOSFET?  

 


