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Periodic Table: _sls Jgox

i IV \'
Boron Carbon
(B) (C)
Aluminum Silicon Phosphorous
t (Al) (Si) (P) T
Galium Germanium Arsenic
(Al) (Ge) (As)
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For Si semiconductor, at T=300K = n= 1010 free electron/cm3 e
Si, Ge, GaAs :@.;J) s gold aes —
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E
n =5.2x10"T>"? exp——electrons /cm’
2KT

n (T =300"K)=1.08x10" electrons / cm’

n (T =600°K)=1.54x10"electrons / cm’
E,=1.1eV

k=1.3806488 x10™* m* kgs~ K"

Intrinsic: 3
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Summary : b g

Intrinsic: =2
Extrinsic; 2 e e o o e 9 9 n=p=n,
Crystal: sk Intrinsic Si 1
Majority: < S e e e e e e NXpP=n i2
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® @ @ @ o uwayep
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® ® ® ., PN
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o _ o _ a _ B
° p=N, +n
P-type 51 o _ a B o B .
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1]
N-type Si e n=N_+Pp
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~ N, ++/N,° +4n° 2 2 2
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2 2 Np 2 2 N, Np
o
ND
nN~= Ny
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104 dopant/cm3 <Ny < 108 dopant/cm3

dopant: Jlupalals
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Majority: <u yiS)
Minority: <ull

np =

 Majority Carriers :
| Minority Carriers :

- Majority Carriers :

| Minority Carriers :
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Transportation: J&l
Drift: &)
Diffusion: &
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Transportation: J&l
Drift: &)

Velocity: < s E
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Current Flow: Jboa s

. =:1 F* t=t,
P N = P
o wo

2

—

tz _tl

| = Q :(dexh)xnx—q: d W h)xnx—g
L, -t L, -t -1

Ccross-section: (s+a e ahis For electron carriers: [ l,=-V.-W-h-n-q

For hole carriers: [ l,=Vv,-W-h-p-q
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Semiconductor Material

Injection
of Carriers N
-
S o0
A —
—~
Diffusion: 2 s Nonuniform Concentration
Injection: &8
Concentration; <ukle Injection
Analogous: 4xslie Ji3 of Carriers
Droplet: <2 sS o b @
-2 Sa
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0 X
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dn
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n q ndX
dp
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dn dp
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a = A "dx P dx

Gradient: «
Along: 23 )3
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Drift Current Diffusion Current
E
—
.
AN o ea
dn
Jo=qnu, E Jn=anE
Jo=qpU,E _ dp
n Jo="aDp 4
D KT
Mysterious: s y2 g

Relation: 4kl

i) Aoyl g o 3k 3985 Gl 9 ) g S e 4p 8 >
S a8 93 Gl Om Jsase GBS )
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Drift Diffusion
\ \

)=+ op, I _gp B

D
" dx Rt dx
o = anu, + 0P,
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Majority Majority
Carriers i Carriers
Mi nnrityﬂ- ~__ Minority
Carriers Carriers

n, : Concentration of electrons
on n side

P, : Concentration of holes
on n side

: Concentration of holes

P L i S PP :
Across: S b 4k SO ) on p side

Excess: 48zl _
Flow: ol s s n, : Concentration of electrons
on p side

2 38 Ol G gl Jlal) Jae il 9o ol Jala A8 A B4y >
s e )R Jual) Jaa
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Idrift,p = Idiff,p

Idrift,n — Idiff,n
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n.=N —— || _

N s N =| Po=Na -
B :

) . 2

S AN SR L I

- — P

"N — . AVEN
X1 X2 X

Equilibrium: Jatas
Net: 2l »

skl Gl DA s O g 9 358 Ghia b el A G Jad alla e
o) e byl Akl e Ol Ol by L)
AR e Ll Jald clla 3 9 PN Sigw 09 b sl Jala IS 348 sG>

CH2 Basic Physics of Semiconductors

34



Built-in Potential: 1as Jawiliy
Derivation: g/ _ A3l
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Oscillator: s (w g
Tank: O3

Oscillator
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