



UNIVERSITY OF CALIFORNIA





       College of Engineering



Department of Electrical Engineering and Computer Sciences

EECS 130 






Professor Chenming Hu

Spring 2006                                                                              





HOMEWORK SET NO. 11



   
Due: Friday, 6th April, 2006
Problem 1
There is a lot of concern that we will soon be unable to extend Moore’s Law. In your own words answer the following:

(a) Explain the difficulty in attaining both a high Ion and a low Ioff while aggressively scaling transistor size, i.e. L.  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). (Suggestion: for

fun why don’t you try to do this question without copying words from the text).
Problem 2
A). Rewrite Eq. 7.3.4 in a form that does not contain Wdep but contains Vt. Do so by using Eq.

5.5.1 and Eq. 5.4.3 assuming that Vt is given. B). Based on the answer to A), state what actions

can be taken to reduce the minimum acceptable channel length.
Problem 3
Assume an N-channel MOSFET with an N+ poly gate and a substrate with an idealized retrograde substrate doping profile as shown in the figure below. 
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(a) Draw the energy band diagram of the MOSFET along the x direction from the gate through the oxide and the substrate, when the gate is biased at threshold voltage. (Hint: Since the P region is very lightly doped you may assume that the field in this region is constant or dε/dx = 0). Assume that the Fermi level in the P+ region coincides with Ev and the Fermi level in the N+ gate coincides with Ec. Remember to label Ec, Ev and Ef.

(b) Find an expression for Vt of this ideal retrograde device in terms of Vox . Assume Vox is known. (Hint: use the diagram from part (a) and remember that Vt is the difference between the Fermi levels in the gate and in the substrate. At threshold, at the Si-SiO2 interface, Ec of Si coincides with the Fermi level). 

(c) Now write an expression for Vt in terms of Xrg, Tox, εox, εsi and any other common parameters you see fit, but not in terms of Vox. Hint: remember Nsub in the lightly doped region is almost 0, so if your answer is in terms of Nsub alone, you might want to rethink your strategy. Also remember: think carefully about how you derived Vt for a uniformly doped substrate. Maybe εoxεox = εsiεsi could be a starting point.
(d) Now compare this retrograded MOSFET with a uniformly doped substrate MOSFET. Compare the two CV curves and drawn them on one plot and indicate clearly how the two CV plots differ in the various regions of operation of the MOSFET.  
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