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Open book/handouts - no notes! Calculator allowed. If needed, you may refer to the/for values of
material constants. Each part is worth [x] points. Explicitly state definitions and assumptions that you
use. Show numerical substitution and calculate numerical results wherever possible. Be sure to show
carefully how all answers are obtained. Unless otherwise noted, assume the material is silicon and that
T = 300K. If only donor concentration is given, assume the acceptor concentration is zero. Like wise, if

only acceptor concentration is given, assume the donor concentration is zero. The time limit is 80
minutes.

1a [9] A p+n diode has N, = 5E18/cm® on the p+ side and Ny = 3E16/cm® on the n side. Calculate the

current density, Js, for V, = 0,65 V. (You may assume Ly << W,,.)z Pf. » \/a/,/' y ﬂ
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1b [8] At a current density of 100 mA/cm2, the diode in 1a (with an area of 1E-3 cm2) has a resistance
of 200 ohms. What_is the diffusion capacitance? ~
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1c [8] At V5 = 0.2 V, what is the recombination current density of the diode in 1a (assuming T, = 1E-7
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1d [8] What is the reverse generation current density of the diode in problem 1a for Vg=-10Vv?
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2a [8] A silicon wafer has Ng = 1E15/cm3. Assuming an ideal metal-semiconductor interface, which
metals listed on the last page of the handout will not make a Schottky diode?
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2b [9] What is the depletion width at Vg =-1.0for
diode?
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2c [8) Give at least two possible reasons that a ca
consistent with the width calculated in 2b.
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a Ng = 1E17/cm3 silicon to gold Schottky barrier
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2d [8) What is the ideal forward Schottky diode current for a gold to n-silicon diode with A = 1E-4 cm?2

and Vg = 0.75 V (assume A* = 120 Alcm2-K2)?
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3a [3] An npn BJT has NE = 8E18/cm3, x'g = 0.5E-4 cm, Ng = 5E16/cm3, xg = 1E-4 cm, and NG =
1E15/cm3 with x"c = 5E-4 cm. (Notes: The values for X, xg and x"¢ correspond to VBE =Vgc =0.
Assume all three regions are "short",) Calculate the emitter efficiency, v.
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3b [9] Calculate the current gain, B, for the device

generation currents are zero. (Jg = Jg = 0.)
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described in 3a. Assume the recombination and
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3¢ [8] Calculate the voltage VBE H at which the base region enters high level injection for the forward

active region.
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3d [8] Calculate the ratio I¢/Ig for the Ebers-Moll mode! (Equations 9.60 and 9.62 in the text) in the

forward-active region.
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