Example 4.5  Consider an abrupt silicon p-n junction with N, = 10'¢ cm™ and
Na=4x 10 cm?.

a. Calculate the diffusion capacitance of this at zero bias. Use
tn = 1000 cm?/V-s, 1, = 300 cm?/V-s, w,’ = 1 um and w,' =
1 mm. The minority carrier lifetime equals 0.1 ms. The diode
area is 10" cm?,

b. For the same diode, find the voltage for which the junction
capacitance equals the diffusion capacitance.

Solution a. The diffusion capacitance at zero volts equals
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Where the "short" diode expression was used for the
capacitance associated with the excess charge due to
electrons in the p-type region. The "long" diode expression
was used for the capacitance associated with the excess
charge due to holes in the n-type region.

The diffusion constants and hole diffusion length equal:
Dy = iy x Vi =25.8 cm?/s
Dy = 1y x Vi =1.75 cm?*/s
L,= /Dprp =278 um
The electron transit time in the p-type region equals
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b. The voltage at which the junction capacitance equals the

diffusion capacitance is obtained by solving
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yielding V, = 0.44 V
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