
Final project, EE 311, Spring 2006 
Assigned: May 24, 2006 
Due: June 8, 2006 

Unbridled increase in power dissipation is probably the biggest challenge faced by 
semiconductor companies today. Companies resort to different techniques to alleviate the 
problem. However, all these methods compromise performance for power saving. As a 
part of the project for the class, you will look at this effect for scaled device technologies.  
 
Let us assume that we use fully-depleted SOI (FD-SOI) substrates for technology nodes 
beyond 45nm. We will use the NMOS as a representative of the technology, and calculate 
the power dissipation in the device. A full-blown optimization would include all devices 
and interconnects. Innovative circuit and signaling techniques are used at that level to 
reduce dissipation at the block level.  
 
As a device engineer, you have a few variables you can pick to optimize for minimum 
power. These include supply voltage, VT, gate dielectric, gate metal etc. For this problem 
assume that you can change the oxide thickness as well as the oxide material for 
optimizing for power. Reducing the TOX increases the drivability of the transistor but 
also, increases gate leakage. Increasing the TOX beyond thickness of the semiconductor 
film however, can severely affect the sub-threshold leakage and hence increase the static 
power. Your job hence would be to extract the performance-power tradeoff for the given 
node for different materials and pick the suitable process technology.  
 

TECHNOLOGY NODE 45NM 32NM 
Physical gate length (LG)  35nm 28nm 

Si film thickness (TSi) 10nm 7nm 
VDD (V) 0.9  0.6 

 
Let us consider the Low-Operating Power 45nm and 32nm nodes. Assume for now that 
the VDD, Lgate, doping profiles etch are fixed and you can just change the TOX. Also, 
your company wants to look at SiO2, Al2O3 and HfSiON dielectrics. The material 
parameters for these dielectrics have been provided to you. Performance is defined by the 
maximum frequency the device operates based on its intrinsic delay. Assume static 
CMOS design, and hence the maximum frequency of operation is FO4, which is 15CV/I.  
 
Modeling of SOI Devices 
 
Use the following models for simulations.  
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The drain current is assumed to be exponential 
between the threshold and off state. For noise 
considerations, VT is set using the gate 
workfunction and is set to VDD/3. The current at 
threshold is defined to be 100µA/µm.  Buried Oxide 
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in Si, vsat=8e6 cm/s and µeff=100cm2/Vs. Leff=20nm. Remember, the gate leakage is 
calculated for the effective field across the gate. In our model you can assume that the 
maximum field across the gate is VDD/Tox. 
 
Write a report which discusses your optimization as well as the results for the various 
gate dielectrics and technology nodes. Discuss the effects this optimization would have 
on your technology design? Reading the papers on the class website, discuss some ways 
by which designers have been able to arrest the exponential increase in power dissipation.  
 
For Bonus Points: 
Based on your optimization results, briefly comment on the following. No calculations 
are required. 

o High mobility materials like strained Si , SiGe and Ge have been reported as 
possible successors to Si channel in scaled transistors. How does using a high 
mobility material affect your optimization? 

o How is this optimization affected if you consider effects of parasitic resistance 
and capacitances in the device structure? 

o How does VDD scaling affect power dissipation and technology design? What 
would happen if we are not able to reduce the supply voltage to 0.6V at the 32nm 
node. What are the consequences of non-scaling of VT? 

 
Tips on preparing your report: 

o Organize the report into clear subdivisions, so it is easier to evaluate your work 
o Please state all assumptions concisely. Also discuss the validity and limits of the 

models and methodology used in your work. 
o Remember, a picture is worth a 1000 words.  
o Please restrict the size of your report to not more than 10 pages. Add all 

simulation codes etc in the appendix. 
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