Fall 2008
EE 612: Nanoscale Transistors

HW 4 SoLuTIoN : Miscellaneous MOS and MOSFET problems

2.5. (a) Construct a cy]indfical Gaussian surface perpendicular to the charge sheet as shown:

The cross-sectional area is 4. At the two ends of the cylinder, the electric field & is perpendicular
to the surface and pointing outward. Along the side surface of the cylinder, the field is parallel to
the surface, so &dS = 0. For an infinitely large sheet of charge, € is uniform across 4 from
symmetry. Therefore, '

ff &-ds=24%.
The charge enclosed within the surface is 0,4. From Gauss’s law, one obtains &= Q./2¢

(b) The field due to the positively charged sheet is 0,/2¢ pointing away from the sheet.
The field due to the negatively charged sheet is also Os/2¢, but pointing toward the negatively
charged sheet. In the region between the two sheets, the two fields are in the same direction and
the total field adds up to QJ/e, pointing from the positively charged sheet toward the negatively
charged sheet. In the regions outside the two parallel sheets, the fields are equal and opposite to
each other, resulting in zero net field. :



2.8.  Substituting Eq. (2.161) into Eq. (2.167), one obtains

v - V26,9V, ry

g C 52

ox

which is basically a quadratic equation that can be solved for y;;:

5 .
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Ws:V + C 2 \/2 C 2 V +[ C 2 J "

For differential changes in y; and Ve, one goes back to the previous equation and obtains

VE4GN, [ 2y,
AVg/Ay/s=1+——C—-.

ox

This is simply Ay, = AV,/(1 + Ca/Cox), where Cy is the depletion charge capacitance given by Eq.
(2.174).
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