Homework 4 Solutions:

PROBLEM 1: An abrupt Si p*-n diode has N, = 101® cm™ on the n side and N, = 1017 cm™ on
the p side. For Si at room temperature, Eg=1.1eV, Nc=2.8 x 10° cm™3, and Ny = 1.8 x 10'° cm"
3. Assume the minority carrier lifetime is 8 us (for both electrons and holes), the electron
mobility is 1400 cm?/V-s, and the hole mobility is 500 cm?/V:s.

PART A: Find the depletion region width under zero bias on the p-side (wyo) and on the n-side
(wno), and the total depletion width wiot,o.
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At Va4 =0:
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W, (0V) = (0.377 um - V" 2)V/0.754 V = 0.33 um
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PART B: If a forward bias of 0.2 V is applied, find the resulting depletion widths (w;, wp, and
Wiot), the electron current density J, through the depletion region, the hole current density Jp
through the depletion region, and the total current density J:o: through the diode.
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Jo = (7.7 %1071 A/cm?)(e?/0%%° — 1) = 1.7 x 107 A/cm?
= b X - cm e~ - = 1. X - cm
Jp = (4.6 X 10712 A/cm?) (/0259 — 1) = 1.02 x 1078 A/cm?

Jtot =Jn +]p =12x10"8 A/sz




Problem 2:
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PART A:
In Problem 1, Np = 0.1N,.
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PART B:

N doping is increased by a factor of 2

1
Prew = EPn = 1.125 * 10*cm™3

] = q(4.8%10° + 14.325 % 10°) = 19.125 * 10° x ¢ = 3.06 * 10716 A/cm?
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P doping is increased by a factor of 2

1
Npew = ST = 1.125 « 103cm™3

] = q(2.4 % 10° + 28.65 * 10°) = 31.05 * 10° x ¢ = 4.968 * 10712 A/cm?
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PART C:
As seen above, varying the doping on the heavily doped side only causes very

small changes in the depletion width and current density in the diode, whereas varying
the doping on the lightly doped side causes much larger variations in the resulting

depletion width and current density.



Problem 3: In a P*N junction, the hole diffusion current in the neutral n material is given
by Eqg. 5.32 in Streetman. What are the electron diffusion and electron drift components
of current at point x, in the neutral n region?
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Assuming space charge neutrality, the excess hole distribution is equal to the
excess electron distribution:

6n(xy) = 6p(xn)
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Since I, is constant we have :

In,drift(xn) = ltor — n,diff(xn) -1, (xn)
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Problem 4: Assume that a P*N diode is built with a quasi-neutral n region having a width
I which is smaller than the hole diffusion length (/ < Lp). This is a so-called narrow base
diode. Since for this case holes are injected into a shorter n region under forward bias,
we cannot use the boundary condition §p(x’ = ) = 0 as in Eq. 4-35 in Streetman.

Instead, our boundary condition becomes §p(x’' = 1) = 0.
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Part A: Solve the diffusion equation for this case to obtain §p(x") = 7 7
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Sp(x') = Ce v + Delv
Most of the holes will diffuse across the narrow n region without recombining. At the
contact:
Atx'=1: 6p=0
At x' = 0: 6p = Ap,

Ap, =C+D
L T
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Solving :
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plugging C and D:
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Part B:
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