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Example Exam #2 Problems — EE 482
Fall 2000

The test is open book/open notes. Show all work. Be sure to state all assumptions made and
check them when possible. The number of points per problem are indicated in parentheses.

1. A contact is made between silicon (x, = 4.05¢V) doped with 107¢cm =2 of arsenic and
aluminum (¢, = 4.1eV).

(a) If a high density of surface states pins the Fermi level at 0.4eV above the valence band
maxima, calculate @5, ¢p and ¢; and sketch the band diagram (including vacuum
level and with barriers indicated) and the charge density versus position for the
contact in equilibrium. (15)
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(b) If a bias of 0.2V is applied to the semiconductor relative to the metal, calculate the
junction capacitance per unit area and sketch the band diagram. (10)
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(c) If it was possible to lower the surface state density, how would the built-in potential
(¢:) change (larger, smaller, no change)? Explain briefly. (5)
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2. In an abrupt silicon p-n junction, N, = 10%¥cm™3, N; =5 x 10"cm ™3, 7, = 7, = 0.25 s,
Dp =9cm?/s and D, = 4cm?/s in the p-region and D, = 25cm?/s and D, = 9cm?/s in
the n-region, W, = 0.5um and W,, = 500pum. T = 300K.

(a) Sketch the minority carrier densities and the hole and electron current densities as
functions of position under reverse bias. Do not ignore generamon /recombination in
the depletion region. (8)
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(b) Calculate the current density in this junction with —2V applied Assume that =
za/4 (3)
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(c) If light of energy hv > E, was incident on this diode, causing the generation of 1012cm™2¢~!

5
hole-electron pairs within a diffusion length of the depletion region, what would the new
current be? (4)
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d) Using the diffusion approximation and assuming low-level injection and quasi-neutraiiiy

in the undepleted regions, caleulate the electric field in the undepleted p region {x <
I%h Coo

—2,) Justify the diffusion approximation there (10)
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7
3 A silicow p-n junction has the doping density shown below.
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(a) Sketch the charge density, electric ficld and voltage as functions of position assuming
x, = 02pm Determine the maximum electric fleld (in magnitude) and the applied
bias (7 = 300°K) (16)
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{b) At large reverse biases, by what factor w i1l the capacitance change if the bias is increased

by a factor of 2 (4)
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N capacclor
4. In a silicon (x; = 4.15V) MOS #ransistor with an n-type substrate and an aluminum
gate (¢ = 4.1V), Vg = 0. The substrate doping is Ny = 10'%m 3 and the oxide
thickness is 400 A. There is a positive oxide charge of Qs = 2 x 107® C/cm? located at
the oxide/semiconductor interface. There is a charge on the gate of Q, = —1078 C/cm?

(a) ‘Determine the state of the channel reglon (a.ccumula.tlon, flat-band, depletion, strong
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(b) Sketch the charge density, electric field and energy band diagram for the system. (10)
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(c) Determine the applied gate voltage. (7)
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: End Of Exam
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