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A linearly graded pn junction in the depletion approximation
In a linearly graded pn junction, the doping the doping varies linearly Np(z) — N4(z) = ax. In the depletion approximation, it is assumed that
there is a depletion width W around the transition from p to n where the charge carrier densities are negligible. Outside the depletion width the

charge carrier densities are equal to the doping densities so that the semiconductor is electrically neutral outside the depletion width. Using these
approximations, the charge density in the depletion region is,

p =eax for —— << —=, p=0 otherwise.

2 2

The charge density can be integrated to determine the electric field E = [ édw,

E(z) = f% ((%)2 - .’c2> .

The electric field can be integrated to determine the electrostatic potential ¢ = — [ Edz,

The built-in voltage is related to the doping concentrations at the edge of the depletion zone, Ny /2 = N4(—W/2) = Np(W/2), by the usual

formula,
Ny
Vzi = kBT ln .
n2

T

The depletion width and the gradient in the doping can then be calculated,

6e(Vi —V 2N,
W = M and o= 2
eNw w

The form below determines W and Ny, numerically by guessing a value for Ny 5 and calculating the corresponding « until the correct value is

guessed.
o= 1E19 em? E, = 1.166-4.73E-4*T*T/(T+636) eV
N,(300) = 9.84E18 cm™ N.(300) = 2.78E19 cm™ €= 12 T = 300 K
2 2
i = 480 em*/V's fin = 1350 em?V's L~ 40 s 71,=1E-10 s
V=-05
Submit

E,=112e¢V W =207um a=100etl9cm™® Ny, =104etl5cm> V4, =0620V  C;=5.12 nF/em?

Dy, =124 cm?¥s D, =34.9 cm?s L, =0.352 pm Ly =0.591 um
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Combining the equations V; — V = 1%5 ar;d C;= e Indrite = "€, 3, anr = PelpE,
. 1 RW-V = dn = dp
it can be shown that BT e Indittusion = €Pngrs I ditusion = —€DPp
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