ey
http://conf.msl.titech.ac.jp/Lecture/

et D » FEIR



IN—RBLERD T HEBFBED Ep) AE,ZFXv)7RE Ne DEEEEL
TSIk AHEEZAERBFOHEELL., M NelTHHETOVME &

. h2 ( 3Ne JZ/?’
AE,” =
m,, 16727

PowerPoint & L T—23> 774 ILICLTIREH
HiRR: SH®MD17:00FTIC
TEECAETTH



BR— T E RO FIRIR

INURTL) 2T 518R (Burstein-Moss shift)

BFe AN
HERIZLARIR A
N Ry
| E Fe
g 2
= CEEEFOD ‘ S
N | sormer 2277 e
H ) i
PTQ" INVRTEER '—Er( BT
) = INURE YT
it} S REL1G35
>

HFIRILE—hv/eV



Absorption coefficient, o (x10° cm™)
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Mobilitv vs. doning conc.

MOBILITY (cmé/V-s)
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e 86 TRANSPORT PHENOMENA [Ch. 3
N
r-1/2 - <7> = uT
T=7,¢ H m Hy TABLE 3.2, «t—r, ety
e
Scattering centers, t Ty Notation used
%ﬁjd—/piﬁ*&fl, -1/2 T—3/2 Acoustical vibrations 9x oM w = velocity of sound;
= 'Z- = T 8 lLl oC (phonon theory), r=0 Y T Y TN M — atomic mass;
A 0 s 4 VfC'a‘ (m*£T) 't '
(3Fﬁ.§' Jg) C — Bloch constant;

a —lattice parametet
~r -~ _ -1
= ng//iﬁ*&iL T — T g 172 ILl oC T Acoustical vibrations =R'Cyy Cj; —elastic constant for
R 0 o (deformation potential V2ER (m* kT) longitudinal vibrations;
(ﬁﬁ) theory), r=0 E; = 0gdE,/de;

Ey —energy of allowed band

NREIAH/EE, T= TOEO, <r> oC [exp(ha)o / kT )— 1] et ol of unds

cell before deformation

—e |

T<<0D’ l% IN —j Optical vibrations @M (fw,)' % wy — limiting frequency of
(T < @p) in heavily doped 2n V 2m¥ (1Ze): longitudinal optical

]2 pasy -~ E crystals, r=Y, vibrations;

RETA/UREL

x [cxp (:—?)— ‘](l'“f“) Ze —ion charge;

y — factor representing the
polarizability of fons;

f —Fermi function;

8p — Debye temperature

_ 0 1/2
T<<0D,{Ep_j b= TOS ’ <T> * T

3/2 3/2 N :
4T~/1b$m% T = T()g , ,Ll oC T Optical vibrations aM  (feg)z

(T« 8p) in lighty 2 VomE (1Ze%)
(3'5% ig) TABLE III. Approximate € and T dependencies for electron-scattering

AAVACTHM  T=7,87, pocTV e _
(ﬁﬂ) Temperature

Scattering Energy dependence of

= 0 0 j dence of 77 nondegon ydegen
=] ﬁ*ﬂ% T=T,, UX T mechanism depen u
Intravalley acoustic phonons €~ V2 T-' 7 ¥
Intervalley optical phonons e ' T-!' T-¥ -1
Ionized impurities e i 737 T:
Heavily doped semiconductor, P.86 Alloy di:-:.orcler' ) e 1 T:: ;0‘ 172 ;0
A model for the high-temperature transport properties of heavily doped n-type silicon- Neutral impurities € T

germanium alloys, JAP 69 (1991) 331 Fig. 3 —
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Hall effect

AHEZ IREZE. FEARDOEFYMHILE. BERAELE (2005)

—e: Electron charge, Under E, and B,

Motion of dynamics m, (% + %) = —e(E + v; X B)

Average velocity (v) =) v;/n

L (d) | ) _
me(dt+T)— e(E + (v) X B)

Me{V)y = _eT(Ex + <v>sz)
Mg V), = _eT(Ey - <v>sz)
me(v), = —etk,

Ex+%BZEy

et

* 2
Me 1+(§1§> B,>
e
et

(V) = —

et
2
my et 2
e 1+<m*> B,

et ©
(V) = — ms E,

<v>y -




Hall effect

AHEZ IREZE. FEARDOEFYMHILE. BERAELE (2005)

1+(e*) B,* 1+(;;) B,* Ex
2 e e
Current J = —en(v) = emzr (ﬂ) B, . Ey
’ _ e 2 2 0 Ez
\ 1+(;§) B,? 1+<§1§) B,? /
0 0 1
Oxx Oxy 0O E,
= | Oyx 0yy 0 Ey
0 0 o,/ \E;
2
et et
= Oy E+< *> B(E-B) +—(E X B)
me me

W, = ( e*) B,: cyclotron frequency

me



Hallzh 8

ABRZRZFAZE. FEROEFYIELF. BREE (2005)
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Hall effect: Two-carrier model
AHEZ IREZE. FEARDOEFYMHILE. BERAELE (2005)

Current J = —e(v) =

2 2
1+(%) B> 1+(%) B> E,
e?nt € e
; E

‘ )% L o |\ &,
s ot e
\ 0 0 1

Two carrier model
J=Je+Jn = (0, +0p)E + (—0.u, + opup)E X B

(B) = 1 (Mppntnele)+(Mplptnetie) UniteB?
pxx o 2 — 2 2 ZBZ
e (NpUuptnele)+(Mp—ne)*Un®Ue

B) =B 1 (nhun®-—nepe®)+Mp—neup®pe’B
Pyx(B) = R Teiih Be 7
e (Mpup+tnete)?+(Mp—ne)?up®Ue*B

2




Hall etfect: Two-carrier model with n, ~ n,
AHEZ,RBZE. FEROEFPIELZ. BEASE (2005)

Two carrier model
(B) = 1 (Mppntnele)+(Mplptnetie) UniteB?
pxx — 2 _ 211,21 2R2
e (Npup+nele)*+(Mp—ne)“Up“Ue*B
1 (nppn®—neue®)+(np—ne)un’ue’B

2

B)=EH
pyx( ) e (NpUptnelte)®+(Mp—ne)*Up® e B?
n,~np~n
_ 1 14+puppeB?
Pxx(B) =
en  Upt+pe

pyx(B) — B 1 Up—Ue

en up+pe



Hall etfect: Two-carrier model with u,~u,
AHEZ, REZE. FEEOEFPMELE. HEELE (2005)

Two carrier model
(B) = 1 (Mppntnele)+(Mplptnetie) UniteB?
pxx o 2 — 2 2 ZBZ
e (Mpuptnepe)“+(Mp—ne)Up®Ue
B) =B 1 (npup®-nepe®)+(p—ne)un®pe’B
Pyx(B) = o
e (MpUp+nepe)*+(Mp—"ne)?Un? e

2

Hp~He~ U -
_ 1 1+u’B
Pxx(B) = ep(np+ne) 1+(np—ne)?/(Mp+ne)?u? B2
~po(1 + u?B? — (n, — n,)?/(ny, + n,)?u?B?)
~po(1 + u?B?)

1 1+u®B? 1
pyx(B) =B o ~ B

e(nptne) 1+(mp—ne)?/(np+ne)?u?B? e(np+ne)




Hall effect: Two-carrier model
AHEZ IREZE. FEARDOEFYMHILE. BERAELE (2005)

When electrons and holes coexist
Je=0.,E—o,u.EXB
Jn = oyE + opupE X B
J=Jet]e= (Ue + Uh)E + (—O'e,ue + ah,uh)E X B

2 2
n -Nn
RH _ hHUlh ele

- e(npup+nepe)?
. 1
(i) Only holes: n,=0 => Ry = ony
oo 2 LY . . _ _ np—Me
(ii) Same mobility: u; = u, = 4 => Ry ey n,)2
1-pe/pn

(iif) Nearly intrinsic: ny~n,~n; => Ry =
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