Only one donor

In the case of n-type semiconductor

From the charge neutrality condition, the electron concentration in the freeze-out
range is expressed as
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Eq. (1) can be rewritten as a quadratic equation:
ax®+bx+c=0, (©)
where
E .
a= 2N, (T)exp?fD—DQ, (4)
e kT g
b=N(T), (5)
and
c=-Np. (6)
The solution of EqQ. (3) is
_-bx+/b?- dac
=— ™)
a
or
e by |[ebd a£o
X=¢c- —+*,/C—~ - ¢+ 8
g 2ag gZaz gaﬂ ®
When
2
ebo _a80 9)
g2ag eéag
that is
Ne(T) & DEpo
N — Texpgz —2%, 10
D >> 3 pg KT & (10)
the solution is
x;/i (11)
a
that is
e DE: 0 Np e DE; 0
expc- = expc- <. (12
P KT o (2NM P8 KT o




Therefore, n(T) isderived as
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we obtain the following relationship:
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