EES566 Solid State Devices
Spring 2005
Dept of Electrical Engineering
University of Notre Dame
Instructor: Debdeep Jena (djena@nd.edu, x8835)

Assignment 3
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PROBLEM 2 - Solution by A. Wang -
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PROBLEM 3 - Solution by Jengxiao Jin -

Problem3 :
a) We know that the thickness of depletion area can be calculated using equation

AN N
Ny + kT In[-v—‘] =gy

£ Np

f
Now, qP = leV, Np= lel7/em’, Nt---l.?el*?a'cmj. so we can get the depletion distance

%= 1.21e-Tm . . :
For such a depletion area, we know that the highest electric field exists at the junction, and its

value is

podNad _ 1.6x107°x10% x1.21x107

- =2.5x10"V /m
EGan 8.9x8.854x10™"

The breakdown field for GaN is about 5e6 V/em, that is 5e8V/pm, so the electric field at the
surface of the semiconductor is smaller than the breakdown voltage Fag

b) Now we know that as reverse voltage changes, the capacitance doesn’t change, which means
the depletion area also doesn’t change, so we can know that before reverse bias voltage is added,
the whole GaN area has already been depleted, thus we know that

'rmp <Xt = 1.21x107m

If we know the value of the capacitance, then we can get the value of t.,, by doing calculation
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¢) To achieve breakdown, we should have an electric field that equals to Fgg at the surface of the
semiconductor. Under reverse bias Vy, we can calculate the electric field
r
Wiy Yy
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Let E equals breakdown field value Fpp=3e6 V/cm when Vp=38.4V, and we can get the value of
tags

by = 8x10%m or 2.42x10%m

Since top<xgen=1.21e-7m, we can get the value of L., is 8¢-8 m or 30nm.

The Charge-Field Band diagrams are simple and should be drawn in a complete solution.
Remember "Kroemer's Lemma of Proven Ignorance"...



PROBLEM 4 - Comments by me and a possible solution by L. Chuanxin -
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! conductor ~ GaN
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(*Ni/ p-Gallx)

g=1.6%10"" ; (xCx)

d= 4+107Y; (am?/s4)
mv=4.6%10%7 % 10%; (ams)
k=1.38+10"%; (#J/Ks)

T=300; (*K«)

p= 10%% 4 105; (*msk)
€=9%8.85+10"2; (+F/m«)
pp=4.1+3.44-5,15; (*Vx)
¢1=¢n-0.026+ Log[nv/ p]; (*Vx)
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