


(n)



1 5 5



1 5 6



1 5 7

eoO = E -Ecn
cP

. . . . . . . . ..(6-1)



= NCe -(Ecp - EF)/kgT
nPo

-CEcn - EF>  Jy
nn o = NCe

n
n o do /ST
- = e
nPo

. . . . . . . . . . (6-2)



1 5 9

npo(T) ppoO)  = nf (0

npo = 4 1 ppo

unum npo PualJn1-i (h-2) ?:I;

kBT n P
0. = y- log ( no zpo )

ni

. . . . . . . . ..(6-3)

n
no

= ND uaz

0. =
kBT
y log (

ND NA
,2) . . . . . . . . . .(6-4)

1



1 6 0

d20 P(X)- =--
dx2 E . . . . . . . . . . (S-5)

P(X)  = ‘c pcx) + Nd(X) - n(X)  - N,(X)  ] . . . . . . (6-6)

tdaniwuflt~  Nd(x)  ttaz N,(x)  tSuA?7unuluP;uua\1’1aaa’lu~TS1  tua;  ttazlaaalui

LLDR  tarl tme;

d20 eNn d- = - -
dx2 E ; o<x<w n . . . . . . . . . . (6-7)



1 6 1

E = - d0  / dx

WnNd  = “p  Na . . . . . . . . . . (6-9)

W
n

= [2EfloNa/  Nd(Nd  + N,,e]’ . . . . . . . . . .(6-10)

wP
= [2E00Nd/  Na(Nd  + N,>e]  ’ . . . . . . . . ..(6-11)

2c0w=w+w = 0
n P e 1 %

. . . . . . . . ..(6-12)

E
0 = 200  I w . . . . . . . . ..(6-13)



IIx

0
u

v).u)

ar
-



1 6 3

~n;‘ld~lR~aUU~LaN~uPll~~U~LJ~~~  = 0 - v
0

. . . . . . . . ..(6-14)

w a (0, - V) 4 . . . . . . . . ..(6-15)

E
0 = (do - VP . . . . . . . . . .(6-16)



1 6 4

Conduction
band

EC%



1 6 5

J = J . . . . . . . . ..(6-17)
nro ngo



1 6 6

.I
pro =

J
Pgo

. . . . . . . . ..(&18)

6 . 2 . 1  IlJsi5iRlU



167,

J = J . . . . . . . . . .
w w

(6-19)



1 6 8

J = J eeY/kBT
nr nro . . . . . . . . . ..(6-20)

J .eV/kBT
nro - J

*go

In = eA (Jnr - Jng) = eAJ (e eV/kBTw
- 1)...(6-21)

I = eA J
P Pgo (e eV/kBT  - 1) . . . . . . . . ..(6-22)

I = In + I = eA(J + Jpgo)(e
eV/kBT

P w - 1)



1 6 9

I = Io  (e eV/kBT  - 1) . . . . . . . . . . (6-23)

IO = eA(J  +J
nE?J Pd . . . . . . . . ..(6-24)

0.2 0.4 0.6



1 7 0

I = Ie
eV/kgT

0
. . . . . . . . ..(h-25)

6 . 2 . 2  lu3afh

p region n region



1 7 1

I =In+I
P

= eA(J
w

- J,,) + eA(J
PW - Jpr)

= eA Jngo(l - eeeVikBT)  + eA Jpgo(l  - edeVlkBT)

da I = IO (1 - e-eV'kBT) . . . . . . . . ..(6-26)

I = I
0

. . . . . . . . ..(6-27)

hum5 (6-23)  uaz (6-26)  a-m  tY’oukuqrl  tluaiidia

I = IO (e eV/kBT  _ 1) . . . . . . . . , . (6-28)



E H

I
I + v-



1 7 3



1 7 4

E
CP



1 7 5

6.2.4 fl~X&J~a



176

-X/L
Pnl cx)  = P,(X) - P,, = [(Pnllx  = o ] e p ; x > 0



(Pn),=O  = p,,e

eV/kgT
. . . . . . . . ..(6-30)

%1)x = 0 ijathi¶J  (PJx I 0 - P,, ‘~~ill=ll

(PnQx = 0 = P,, (e
eV/kgT

- 1) . . . . . . . . ..(6-31)

ttnu&Kuaun,s  (6-29)  s=lii



P = P,,  (e
eV/kgT

n l
- 1) e-x’Lp  ; x > 0 . . . . . . . . . . (6-32)

ap
J =-D apnLn=-D  -

Pn P ax P ax . . . . . . . . ..(6-33)

LLYIUAI p,l  il-~naplm-i  (6-32) lpdaum~  (6-33) ez1&&vi%1”1tt~P;\)  x ‘in? tlMtJfl1

eAD p
(Ipn)x=O  =

p no
eV/kgT

L ( e - 1 ) . . . . . . . . . . (6-34)
P



1 7 9

I eA  ( +++ )(e
eV/kgT

= - 1) . . . . . . . . ..(6-35)
P n

I = . . . . . . . . ..(6-36)
0 n P

2
nnoPn~  = ‘po  npo = “i . . . . . . . . ..(6-37)



1 8 0

D D
I =
0 enfACL t: + *I . . . . . . . . ..(6-38)'

n PO P no



1 8 1



1 8 2


