Name

Final Exam — EE 482
Fall 2002

The test is open book/open notes. Show all work. Be sure to state all assumptions made and check them

when possible. The nmmber of points per problem are indicated in parentheses. Total of 160 points in 8
problems on 8 pages. If not otherwise specified, assume 7' = 300K and the matlerial is silicon.

1. A bulk silicon sample is doped with 10 cm™ of arsenic. Recombination oceurs primarily via a density
-1

3 -1

of 10%cm ™3 traps 0.1 ¢V above the intrinsic Fermi level. Assume traps have a capture cross-section of
sec

cm? and the thermal velocities are vy, — 107cm/sec and Vppp = 6 % 10%m /sce.
If light generates 10%cm™
concentration? (15)

carriers throughout the sample, what would be the steady-state electron
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The structure of the conduction band in silicon is changed by strain such that the minima elongated
n the z-direction are raised in energy by 30 meV relative to those elongated in the ¢ and y directions.
Assuming that the shape of the minima are otherwise unchanged {my = 0.19myp, m; = 0.98m), what

would be the electron effective mass for an electric field in the z-divection? Hint: Think about the
relative number of carriers in each minima. {12)

Y

A ¥ I Ly am | Mo
Tre L3 ™




Spm, sketch the charge density,

electric field and potential versus distance.
What is the applied bias? (20)
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If the width of the depletion region on the

shown to the right.

3. A silicon p-n Junction has the doping profile
ri-side is 0
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4. A contact is made between tungsten (¢, = 4.5¢V) and silicon (x; = 4.05eV). A high density of surface
states pins the Fermi level at 0.4eV above the valence band maxima.

How high would the donor doping have to be to reduce the equilibrium depletion region width to 30 A
so that tnoneling will occur readily? Assume that for the heavy doping required, E 7 = Foin the bulk
(far from contact). (15)
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5. A silicon n-channel MOS transistor with a polysilicon gate heavily doped with phospherus such that
Fy = E. +0.1eV has a substrate doping of N, = 5 x 10Vem ™ and an oxide thickness of Tom = 30 A.

Calculate the charge on the semiconductor and the applied voltage between the gate and
Sketch the charge density and band diagram for this transistor near the conter of the
‘£
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source.
channel (half-way between source and drain). (25) oo
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L = 0.25pum. Oxide charges are negligible. The device is hiased with Vep = 1V and Vpg = 0

W =L =025pm. Oxid
and with Vg such that the voltage dropped across the oxide is 1.0V (more positive near gate)
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1V and Ve

1V. (1
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{a) Calculate Vi and § for Vig

6. The same tran
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(c) Determine the output resistance if Vps = VER +~0.5V. (11)




7. A silicon npn transistor with constant doping in each region has Ay = Ag = 10 %cm?, Nyp = 2 %
10¥em ™3, Nyp =2 x 10%em ™3, and Ny = 4% 107 em ™. The width of the undepleted (quasx—neutral)
emitter is x» = 0.4um, the width of the undepleted base region is 0.2um and the width of the undepleted
collector region is lum. Assume these widths are unchanged throughout this problem. Tn all regions,
the minority carrier lifetimes are 2 x 107 %ec. The minority carrier diffusion coefficients are 2em?/sec
in the base and emitter regions and 8em?/sec in the collector, |
/ th 7 $ |
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(b) UVye =0.TV and Vog = 0.1V, what mode is device in? Sketch the minority carrier concentrations
through the active region of BJT as function of distance from emitter contact to collector contact
What is the excess minority charge in the base? (15)
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0.1, and gy - 2
determine the mode of the device and the value of Iy using the Ebers-Moll model. {15)
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End Of Exam



