concentration)

distribution function)

f®

Ef

(Donor)

® = [y

(Fermi energy level)

(Boltzmann constant)

®

(carrier

[15,16]

(Thermal energy)

- (Fermi-Dirac

G.1)
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(Fermi level)

(intrinsic semiconductor) (extrinsic semiconductor)

[15]1 J 51

‘Yo, <t ﬁ

/CONOUCT!ON

niNe unl '(Ec-E,)/nr]
._-/___._. ("“)
4 ¢

piNy no[-u:, ~E,,)/-r]
(+n))

: 2

b — — —

AND P
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NQE)
E E+dE
Nc(E)dE
f(E) E E+dE
= Nc(E)f(E)dE 52
NCE = X (5.3
n () « |
m* (effective mass)
h " (Planck constant)
B
= Ecf NcEfE)E 54
Ec
Et
E=0
Eg
(Eg»KT)

EcEp » kT non-degenerate
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yf t - 1f

Et 00 54 (16)
- J Nc(Bf(E)dE (6.9

G.) (63 (5.5)

32 00

)
- (e -Ec) 1/2exp[—(e -EF_)/KT]dE (5.6)
. VIR

(e -Ef)/KT » 1
/

= Nce | G
XpV K J

o«

N = 2
"9-rrh2)

Il

VA
" \27|h2\] equv >



2

pi = Nvexp 68
Vi)

(m:ij 32
NV = 2 e
27'(h2

Ev
* (effective mass)
5.7 5.8
2 = np. = NO\Wexp (-Eg/KT) (5.9
1 = (NON\V2exp (-Eg/2KT) (5.10)
Eg = Ec- Ev
(5.9 (mass action law) ( 16 ]

(Perfect crystal)

Ef -I;g ¢ % (5.11)

Ep =-eq +-KT (.12)
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G. ) (5.12) (EF)

, ! (E9) [ 61

(Impurity level)

(donor impurity) (n-type semiconductor)
(acceptor impurity) (p-type semiconductor)
(conductivity type) (Majority

carrier concentration)
(ef —»Ef)

non-degenerate

i Z(m:”} - EC °F
2] ey

2Tth
( EC'EF\

n = Nc¢exp \k_T ) (6.13)
m:kT N Ee -Ey
P=2 "_2' exp(- - )

2Tth



p=Nyexp| -

+ Na+ 1

g & 5

(5.14)

2= p = NO\Wexp (-Bg/KT) (5.15)
(5.15)
(real crystal)
(majority carriers) (minority carriers)
' (ionized acceptors)
' (ionized donors) [ 15,16 ]
+ Na=P + O (5.16)
+(NA-nt) = P + (NO-nd)
(5.17)

= P + Nd+t 1



Ed

Ea

D
EF1 d

[16]

(5.13) ,(5.14)

pn

2

Efl

32

I (5.19

(ground-state degeneracy factor)

(NO- Na) « Nc Ef Ea EF1

Nd

+Na = P + Nd (5.20)

(5.15)

. ';'IZND-NA+‘/(ND-NA)2+4nf} (5.21)

6.22)

(Na- Nd) « Nc Ef Ea EF1

D



o=

|nq—Na « ]

« i +7(ND-NA)

Pp ~ fij + - (Na-NO)

(5.25) (5.26)
(intrinsic carrier density)
(intrinsic region)

Nd-Na » (5.21) (5.23)

nn« N D- Na

Pp ~Na-N d

region)

(5.21)

(5.23)

(5.25)

(5.26)

6.27)

(5.29)

(extrinsic
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D NO > NA

d (5.17) 11 v C > ) 3
(5.17) [ 16,23 ]
+Na+ d = NO (5.29)
(5.18) (5.29)
=Nd- Na - — ==-ue- —

- ap|E -EVKTI
2 u h

=Nd-N a - = gy —
2+ [(E0- EpKT]

2 + exp [(Ed- Ep)KT J= NDexp t(ED- ET)/KT ]-2NA-NAexp [(ED- EF)/KT )
Nc =2Ncexp (- Ed/ KT) Ed=Ec - Ed
2n2+n(2ND+2N, )-2(ND-NA)N/ =0

24 (NA+NO)n-(ND-NA)NO =0 (5.30)

(NA-H\h 12

=- — +J(N»+ Nel2* 4(N.-nv . ] (5.31)



3

Ed»kT N jL ' (5.3
2 (binomial series) [23]
12
ANOND-na)

[(Na+n' )2+ 4(Ng- Na)\*] 12 = (Na+ N 1+
(Nam0)

N W
=<a+nk, 1+(N&1'\[g +-

| 2NO (NO-Nt )

=(NA+NJ + —+ - 5-32)
c <Vy
(5.32) (5.3D)
V W
= e 63)
Na » Nc (5.33)
un ~ Ncexp 1J/KT1
Na Nd» Nc >> Na (5.30) Nd

2
' N.=0

INBIAK-



2 =n'c Nd =~NdNc exp(- Ed /KT)

=-p (N DNc)l/2exp(-Ed/2KT)

v2

(compensation) [ 16 ]

2) NA > NO 1)

(5.19 (5.36)
N (Na-N )
Pz — e
NG,
NV =- Nvexp (-Ea/ KT)
E=€c-E
Nd >> N (5.37)
(nand)
P = Nv exp(-Ea/KT)

2d

36

(5.35)
O
(5.3%) (5.35)
(freez-out region)
(5.17)
(5.36)
(5.37)
(5.38)



5 2

Ny N » N

P =-p (NaNv)l/2exp(-Ea/2KT)

(kD

(freeze-out region)

" ( =NO)

(extrinsic region)

37

(5.39)

(intrinsic region)

In(n)

intrinsic region

\ E
N slope= - d

| *,  freez-out region
\,

1T

52



law)

(Electric field, E)

J = nev

(©)

Jn= v/E

jap

[19]

G =JE

(Drift velocity)

a = nqji
(Mohility)
d- pgja
(Mobility)

G = nqO,n+ pajj,

G = (NcNV)1Z) (Un + [i] exp( -Eg/2kT )

InG =

I(NeNV)IZy (| In + J1p) - ( Eg/2KT )

38

(Ohm's

(Current density, J)

(5.40)

(5.41)

(5.42)

[19]

(5.43)

(5.44)

(5.45)

(5.46)



(5.47)

-Ed/k

(5.50)

(.46)

(slope) -Eg/2k

G « nqg]l

O (634

Ov na)
G ~ gLlIn Nc exp (-Ed/KT)

2NA

G » qin ~j  exP (-Ed/2kT)

InG T

-Ed/2k

G » pgfa

) (5.38)

G« (]||p [ nav Nv exp (-Ea/KT)

V 2Nd J

exp (-Ea/2KT)

(5.35)

(5.39)

39

InG

547)

(5.48)

fy)

(5.49)

(5.50)

(5.51)

(5.52)



-Ea/k -Ea/2k

[17,18]

1 (Direct method)

® (V)

(Probe)

(Contact resistance)

40

G53)



(Equipotential lines)

(The Two Point Probe method)

(High impedance)

(Distorted)

(Linear Four-Point Probe method)

53

Constant &

o

r*<-'1

Voltmeter
O

current
source o-

5.3

—1

1 2 43 44

S11S2|S3

e e

Sample

41



(Semi-infinite)

7 1)
P=vs+vs3-M( + 2-v( 2+ 3)]

(Sheet)

(Non-colinear Probe Spacing method)

(Square Array)

s v

S PR 2

42

(5.54)

(555)

(556)
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Description

Square array

Square array

Rectangular

Random placement
at periphery of
uniform-ihickness
plate

Delta

Over-under

51

] (Delta Four-Point Probe)

(Thin layer)
(Substrate)

- (Over-Under Probe)

(Van der Pauw method)

Resistivity
Geometry given by Advantages
1.% v Given probe

D 4 \A7 spacing will At
C in smaller area
- 1070y
S g 2 Given probe
. In spacing will At

in smaller area
- 9My

2 (i

See van der Pauw Irregularly shaped
samples can be
measured without
precalculated
correction

factors

Sec Delta Can be used oo

— measure thin

E__ ;__Y high-resistivity
layers on low-
resistivity layers

Sec Over-under Can be used to
measure thin
J ] high-resistivity

L,J layers on low-

resistivity layers

[17]

43



o v - «
B n’\‘i’)ﬂﬁ.ﬂ'lwﬂﬂﬂﬂﬁu‘lﬂﬁ’ﬂ:ﬂﬂQﬁLL')NLﬁ’ﬂLW’]'J [17]

54

54

54 b M N
" \R= VP-V0 R
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I N 0
(557)
(v i
NOPM \O (558)
(p) (657)  (65)
exp(-*" RWMNGPtexp(-"RNDIpM) = (559)
_ 70 (RMNOPRNOPm)  RMNOP, 56)
P= =2 NOPM
d
f (Rl Rdpy) (Correctring factor)
55
(560)
1.0
0.8 N
0.6 \\‘
0.4
0.2 ii
01 10 102 107
RMNO  NOPM

55 " [19
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[19]
(Hll mobility)
56 X X1 (current
density 1Jx) X B; 2
Y 4
/
:BZ

56
[9]

QXX B Y
8, Yy y
y VXB,

F = gSy- qxXB2 = 0 (561)

=B 56)



4

y
X Z " (Hll effect)
y (Hall field)
Vo (W= ris (583
X = as
Rn (HAll coefficient)
y
550 1y 15641
b = py P
r = <T>IKT>2 (5.65)
(mean free time)
T = a° (5.66)
a
(spherical constant energy surface)
T~ ER phonon scattering
T~ EX jonized impurity scattering
(non-Clegeneracy semiconductors)
< Tm> = !) TIEeq(EKTIE | % EXeENTIE 561)
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(86)  (567)
<T2>=adkNS 1 -2)
<T>2 KT r- F(]2 (569

F()=j X"V dx.r(P=Jt

r=<x2/<1>2 = 38 = 118 phonon scattering
= 3571512 = 193 lonized impurity scattering
AN
= |IRC | (5.69)
ntype ( » P) RH= r(-lng) (5.70)
piype (P>> ) RH= r(lpe) (571)

670 BT
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