Test 1 - EE 5340/4329  (print last name) k{y (print first name)
Thursday, September 27, 2001, 8:00 AM
80 minutes allowed (last four digits of your student #) (e-mail if new)

Instructions: {1] Do your own work. [2] Open book (including text, class handouts, and your class notes]. [3] Calcula-
tor alfowed. [4] Do not use previously solved problems, [5] Explicitly state definitions and assumptions that you use,
[6] Where possible, calculate parameters rather than read them from a graph. [7] Do all work on this paper. [8] Show
all calculations, making numerical substitutions and giving numerical results where possible. [9] Write answers in
space given. [10] Unless stated otherwise, T = 300K and V, = 25.852 mV. [11] Each part is worth [x] points.

1. A Silicon wafer has a uniform impurity distribution of 5E16/cm™3 phosphorous atoms and 1E17 /cm”3
boron atoms.

a) Calculate the majority carrier concentration.
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b) Calculate the minority carrier concentration.
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c¢) Next, calculate Ev —- Ef.
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d) Next, calculate Ef - Ei.
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e) [7] Next, draw the energy band diagram showing Ec, Ef, Ei, Ev for this material.
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f) Next, calculate the energy gap for this material at T = 375 K. Assume that the effective masses for elec-
trons and holes are temperature independent.
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2. For the same material shown in problem1.
a) Calculate the hole mobility.
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b Next, calculate the resistivity of this material.
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¢) Next, calculate the minority carrier diffusion length using the minority carrier lifetime model equation.
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3. For a Si abrupt p-n junction with p = Na” = 3E16/cm”3 and n = Nd* = 8E15/cm”"3.
a) Calculate the total buiit-in potential.
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b) Next, calculate the depletion width in the n-type side when Va =0V,
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¢) Calculate the minority carrier lifetime in the p-type side.
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d) Next, calculate the junction capacitance per unit area when Va = - 3V.
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e) Next, calculate the total depletion width when Va = -3V,
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f) Next, calculate the Debye length of the n-type side.
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g) Next, calculate the electron concentration at the depletion boundary of the p-type side, -xp’, when Va =
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h) Next, calculate the maximum electric field in the depletion region when Va= -3V
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