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Semiconductor Device Theory EE 5340
Diagnostic Exam

For all problems, solve numerically to at least 3 significant figures of accuracy. The
answer is not correct if it does not have units.

1. A certain npn bipolar transistor has an emitter size of zg = 1 um a base size of
zg = 0.8 um, and a collector size of £o = 4 yum. The emitter dopant density is 6 x 107
em—3, the base is 5 x 106 cm™3, and the collector is 2 x 10'* cm™2. If the minority carrier
lifetime in all the transistor sections is 4 ns, what is the expected short circuit current

gain, 3, for this transistor.
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2. An aluminum contact is joined on one side of a thin piece of SiOz insulator and a p-type
piece of silicon is joined to the other side. This forms an MOS device. The semiconductor
has a doping concentration of 1.5 x 106 cm™3.
a. Draw the energy band diagram and label the critical energy levels.
b. Determine the flat band voltage and again draw the energy level diagram when the
flat band voltage is applied.
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3. In a pn abrupt junction, one side has a doping concentration of N, = 2 X 1017 em—3
and the other side has Ny = 5 x 10 cm™3.

a. Integrate Poisson’s equation to get the electric field as a function of distance on the
n side and again on the p side. Make use of the known boundary conditions on the
electric field. '

b. Knowing the expression for the electric field, determine the internal built-in voltage
drops on the n side and on the p side. The reference potential is at the junction where
it is assumed ¢(0) = 0.

c. If the maximum electric field (in magnitude) is -4000 V/cm, what is the total depletion
length under zero bias.
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In the following equations, F stands for the electric field and £ stands for the energy.
Physical constants that might be useful. Here, Ny is number of Si atoms, and me is the
mass of an electron.

n; = 1.45x 101 cm~3 Eg =1.124 €V - e =11.7 for Si

e, = 3.9 for SiOg Ny =5x10*2 cm™3 N, =28x10¥ cm™3
N, =1.04x 10" cm™® = Vp=25843 mV x=4.05 VSi

x =10 V SiO, € = 8.8547 F/cm k=1.38x10"2 J/K
Sy =41 VAl by =53 VPt Py =4.75 V Au
me = 9.11 x 10728 . ¢=1602x10"1° C
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Currents in pn Junctions

The continuity equations for electrons and holes are:
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Across a depleted pn junction, excess minority carriers are:

For low level injection:
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Bipolar Transistors
For an npn trasistor:

For short base and n(z) varies linearly in the base:
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Bipolar Transistor Models
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28. Mobility vs. impurity concentration for Si. (From Muller and Kamins.)
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29, Critical electric field vs. doping concentration for Si. (From Muller and Kamins.)
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Figure 4.12 The critical electric fields for avalanche and Zener
breakdown in silicon as functions of dopant concentration.'*>
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