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Problem 1: Subthreshold Leakage Current
An N-channel transistor has Vt=0.34V and S=85mV, W=10m and L=50nm.
1. Estimate Ioff.
2. Estimate Ids at Vg=0.17V.

Problem 2: Trade-off between Ioff and Ion
Does any of the following changes contribute to both leakage, Ioff, reduction and on current, Ion, enhancement? 
1. A larger Vt. 
2. A larger L. 
3. A shallower junction.
4. A smaller Vdd.
Motivate your answer with equations, when possible.
Which of these reduce the Ioff without deteriorating the Ion?

Problem 3: Subthreshold Leakage Current and Threshold Voltage
Assume the gate oxide between an n+polysilicon gate and the p-substrate is 11 Angstrom thick and that Na=1E18.
a) What is Vt for this device?
b) What is the sub threshold swing, S?
c) What is the maximum leakage current if W=1um, L=18nm? (Assume Ids = 100W/LnA at Vg=Vt).
Vt Roll-off

Problem 4
Qualitatively sketch log(Id) vs. Vg (assume Vd=Vdd) for the following:
1. L=0.2um, Na=1E15 (cm-3)
2. L=0.2um, Na=1E17 (cm-3)
3. L=1um, Na=1E15 (cm-3)
4. L=1um, Na=1E17 (cm-3)
Please pay attention to the positions of the curves relative to each other and label all curves.

Problem 5
There is a lot of concern that we will soon be unable to extend Moore’s Law. In your own words explain this concern and the concern for high Ion and low Ioff.
a) Answer this question using 1 paragraph of less then 50 words.
b) Support your description in (a) with 3 hand drawn sketches of your choice.
c) Why is it not possible to achieve high Ion and small Ioff by picking optimal Tox, Xj Wdep etc? Please explain in your own words.
d) Provide three equations that help to quantify the issues discussed in part (c). 

