Chapter 4. p-n Junctions

4.2. Structureand principle of operation
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4.3. Electrostatic analysisof a p-n diode
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4.4, Thep-ndiodecurrent

Pn(X=Xp) = pnOeVa M

_ _ ValV,
Np(X=-Xp)=nppea ™

pn(X:Wn) = pnO
n,(X=-w,)=ny

pn(x3 Xn) = Pno +Ae_ (x- Xn)/l-p + Be(X' Xn)/l-p

- (xX+x (X+xp)/L

o

np(x£-xp):np0 +Ce p)/Lp +De

X- X .. X-X
% +B dnh L

p p

pn (X3 Xn) = pnO +A*C05h

. X+ X, .. XEX
Np(XE-X,) =Ny, +C cosh + D gnh
n n

X- X W, . . X-
P (X3 X,) = Pro + Pro (€% - D[cosh —"- coth —gnh ——"
Lp P
_ ” X+X, w,
Np(XE-X,) =Np +n (€ - D[cosh - +coth—=gnh
n n

Wh =Wh - Xp

(4.3.22)

(4.3.23)

(4.3.24)

(4.3.25)

(4.4.1)

(4.4.2)

(4.4.3)
(4.4.4)

(2.9.13)

(2.9.14)

(4.4.5)

(4.4.6)

(4.4.7)

(4.4.8)

(4.4.9)



Wp =Wp = Xp
d
J,(x3 xn)=-qud—z
D - ' -
= PePro g pyinh X %o - goth Yo gosh X~ %oy
Lp p Lp p
dn
J (XE-x)=9D —
J(XE-x,) =D, T
Dn X + X W X+ X
= Tonlleo 220 (% - Jfsinh L+ oot cosh ——]

| = AJy(x=- Xp)+Jp(X:xn)+Jr] @S(eVa/Vt _ 1)

D,n W‘ D '
ls=0aA " po coth( p) +—_P Pno ooth(m)]
Ln Ln p Lp

1
tanh x

coth x = @l for x<<1
X

- (X- X

Pn (X3 Xn) = Pro + Pro (€™ - 1)exp¥
p

X+Xp

L

gVal/Vi

Np(XE - Xp) = Npo +Npo -Dexp

n

(eVa’Vt - 1) exp M
P p

D
3,(x3 Xn):w

D,n
Jn(XE-X,) :y(evalvt _Dexp p

n n

Dnnpo . Dp Pro npoln  PnoL
PO, P 1=qA p + p]

|l =
S qq Ln Lp t n t D

X
P quf[‘O n (eVa/Vt _1)

p
X, <<L,
dn 2
O:Dn 2p;me:Dpd Pn

dx dx 2

(4.4.10)

(4.4.12)

(4.4.12)

(4.4.13)

(4.4.14)

(4.4.15)

(4.4.16)

(4.4.17)

(4.4.18)

(4.4.19)

(4.4.20)

(4.4.21)

(4.4.22)

(4.4.23)



n,=A+Bx, and p,=C+Dx

& x-x,0

Pn = Pro + Pro(€”= "t - D&~ 0
& Wn g

X+ X O

N, =Ny +ng(e™™ 1)§1+ P+
W, &

= AJn(x=-Xp)+Ip(X=xp) + J;] @Js(eva/vt -7

DnNpo N Dp pnO]

lg=
Wp W,

X
b =0 Mo X
%

Uy, =b(np- 1)

np=n elErm- ENKT o o(Ei- Erp) /KT _

Jp-b =4 cﬂ 2(e%a ™ - nax = gnb xg (€'a’Vt - )

2Va V4

) @@ - g

-Xp
Xn
Jgir =0 ¢ sHrAX
_Xp
Xn 1 2 eVa/Vt_l
Jsr =0 0O C i ( ) E dx
“Xp© n+ p+2n;cosh
p | ( T L)
np:nie(Fn-Ei)/anie(Ei'Fp)/szniZeVa/Vt
2,V IV
1 né(eVa’Vt - 1)
Ugir max = MAX (t_ I E TE
n+ p+2n cosh(— I)
5 —
- E;
xp L on+ p+2n,cosh( ——)
x¢= KT

USHR,max

(4.4.24)

(4.4.25)

(4.4.26)

(4.4.27)

(4.4.28)

(4.4.29)

(4.4.30)

(4.4.31)

(4.4.32)

(4.4.33)

(4.4.34)

(4.4.35)

(4.4.36)

(4.4.37)



‘JS—| qnl ( a/Z\/t _1)

J=Je% IhV,

1

_ log(e) _ dope
V, dope  59.6 mV/decade

Nd
n

V, =2V, In—

Vv,

=V, +IR,

_dobQ
dv,

Wn
DQp = 0dA(Pn - Pno) dX

Xn

DQp =dApno(e’a ™ - YLy =15 ="V - 1t

ApnoDp

ls,p = C

p

Va IV, Vo 1V

C =
d.p v, V,

s pe’a Vit

Cd’p -

4.5. Reversebiasbreakdown
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4.6. Optoelectronic devices
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