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(cm?/Vs) (m,) (10"°s) | (eV)
Si L=1500 me=0.98 160 (el) | 1.12
=500 mq=0.19

my,=0.49

mh1=O. 16
In203:Sn Me:24~45 me=O.3 6.5 3.37
/n0:Ga U.=8~25 m.=0.28~0.33 | 5.1 3.37
InGaO;3;(Zn0)s L=16 m.=0.32 3.0
LaCuOSe:Mg u,=3.4 m;,=1.6 4.2 2.7
C12A7:e He=5.2 m.=0.82 2.4 7
Cu; 7Se u,=5.3 my=1.0 3.0 2
a-2Cd0O-GeO, we=12 m.=0.33 2.3 34
a-2CdO-Pb0O, u—=10 m.=0.30 1.7 1.8
a-InGa0O3(Zn0),, L=13~21 | m=0.34~0.36 | 2.5 3.0 ~2.85
(m=1~4) (m=1)
a—ZIl()_35IIl()_35SIl0_3Ox Mezlo me=O.53 3.9 3.3
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r—1/2 — Y=uT’®
T=17,& M= = Hy TA '
m BLE 3.2, «t=rx, (ex) 't
e .
7 d- / EL Scattering centers, r Ty Notation used
gg -1/2 -3/2 Acoustical vibrations
— Ox oM w = veloeity of sound;
3F T ’Z'O E ’ IL[ oC T (phonon theory), r=0 H/—TW M — atomic mass;
( i ia]@) C — Bloch constant;
7 d- / EL 19 { o —lattice parameter
g& ,Z- — T g_ , ILl oC T Acoustical vibrations =h'Cy, C;; —elastic constant for
(,%ﬁ ;[E) 0 (deformation potential V2E2 (m* hT)*2 longitudinal vibrations;
theory), r=0 Ey = Q,dE,/dQ;

Ey —energy of ailowed band

%%7 * /3 ﬁ&EL T = ’[Ogo, <Z'> oC [exp(ha)o /kT)_ 1] n.,ej%:i:ﬁal volume of unit

I~ cell before deformation
—

T<<9D’ "=l 7 Optical vibrations M (ﬁm.)'/' wp — limiting frequency of
" | (T<=ep) inlhcavily doped 2 ) 2m* (yZe)® longitudinal optical
7'5% 7 #* / ﬁ&EL crystals, r=Y, vibrations;

fiw
x ["P (k_;rf)_ l](l'"f") Ze —ion charge;
y —factor representing the
polarizability of jons;
f —Fermi function;
6p —Debye temperature

. 0 1/2
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. 3/2 3/2 '
AAMTHY  r=76"", pocT e

. (T « GD) in hghtly V‘ri (ze'y
(35%@1&) TABLE IiI. Approxlrnate ¢ and T dependencies for eleciron-scattering

AF TR =77, pocT’ mechanisims. __
(%\ﬁi@) Temperature

0 0 Scattering Energy dependence of
! N = oC mechanism dependence of 77 nondegen , degen
iy T TO ’ Y H U
Intravalley acoustic phonons €~ /2 r-' rv-¥vr-!
Intervalley optical phonons e I r-' r-¥vr-
Ionized impurities e T T T1°
Heavily doped semiconductor, P.86 Alloy disorder e 17 7 T - o
: Pt o Q 0
A model for the high-temperature transport properties of heavily doped n-type silicon-  Neutral impurities e T r T

germanium alloys, JAP 69 (1991) 331 Fig. 3 s ————— =




Simple model of carrier transport
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F=¢(E+vxB)
Sfd 1
m|—+—|v=g\E+vxB
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S(d 1
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Hall effect

AHEZ,REZE. FEROEFYIERZF. BEE (2005)

—e: Electron charge, Under E, and B,

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

Average velocity (v) =) v;/n
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Hall effect

AHEZ,REZE. FEROEFYIERZF. BEE (2005)

2 ( Te) 1+(7f;) Bz Ey
Current J = —e(v) = emzr ( *)Bz ) E,
’ o < 2 2 0 Ez
1+( T) B,? 1+(7ffe) B,>
\ 0 0 1/




Hall effect

AHEZ,REZE. FEROEFYIERZF. BEE (2005)
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Hall effect: Two-carrier model
ANAERZ REASZE. FERXDOEFYMHELZE. EELE (2005)

When electrons and holes coexist

Je=0.,E —o,u.EXB

Jn = o E + opupE X B

J=Jet]e= (Ue + O'h)E + (—aeue + ah,uh)E X B

2 2
n -n
RH _ hlh ele

 e(npuptnepe)?
(i) Only holes: n,=0 => Ry = Bh
enp
(X LA B4 ° —_— _ — — nh_ne
(ii) Same mobility: pu, =pu., =u = Ry e
1-pe/pp

(iii) Nearly intrinsic: np~n,~n; =>Ry = _—"*= "~
i e/*h
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Magnetoresistance: Drude model
AHEZ,REZE. FEROEFYIERZF. BEE (2005)

e?nt 1+<7%>ZBZZ 1+<%>ZBZZ Ey
Current J = —e(v) = — <er*) E,
E,

e _ m_eBZ 1 0
| e e
0 0 1

Two carrier model
] =]e +]e — (O-e + O-h)E + (_O'e[,le + O'h[,lh)E X B

R . 1 (nppy + nepte) + (nppre + ngpp ) pppe B
ferl B) = Re(p) = =— s —
€ (mppn 4+ nepte ) + (np — ne ) pppsB°

B (nppi — ngp?) + (ng — ng)uipiB?

el B = —Im(p) = — e
Py=l 5, e (g gty + ngp )2 + (ng — n, )2 pt B2



Two carrier model of MR

MR-TwoCarriermodel.py (to be uploaded for Lab only web)

c.g. in APL 107, 182411 (2015) ,!3'_1-_-.*'{ B) = R[‘E{}.l _ ll gy + Mg fl, :' T 'I”n'u“*r. T M fip ].I!*':n'u':"*-r.H‘2

e (nppn + ey ) + (np — ne ) 2pipiB®

B (npu? —nu?) + (ny —n)u?u? B2
_||'-'I'I,IJ""|{ ”I _ —Ilfl(_ﬂ:l N Ir'-. Rt h ef r.; l: h ..-i .I'!j —
' e (nppy + nopte ) + (np — n ) ppp: B*

# of parameters must be larger than # of constraints,
# of parameters: four ny, Uy, Ne, Ue
# of constraints: three
For parabolic py,(B): a2, = py,(0), and a2,
For linear p,,,(B)  :ay, only

At least two parameter sets give similar residuals S?
My = 2.09x10% m'

— 2 MRxx.csv:MRxy.csv
~ 0.074 m /VS -3 0.0030817 - MRxx(obs) @ 0.0000101 -  MRxy(obs)
n, = 2.72x1022 m + MRxob oooot0 )+ MRxy(ok
p 0.003080 1 \\_ MRxx(ini) 0.000008 | MRxy(ini)
e = 0.018 m#/Vs — — MRxx(fit) . —— MRxy(fit)
S2 = 3.2x10-14 £ £ 0.000006 |
% 0.003078 <
X < 0.000004
np = 9.23x10%2 m3 £ 0.003077 1 £
0.000002 -
Up = Ue = 0.012 mz/VS 0.003076 | £,000000
n, = 7.68x1022 m3 |
-3 -2 -1 o0 1 2 3 0 1 2 3

SZ = 3.0X10'14 B(T) B (T)
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Katase et al., Cryst. Growth&Des. 10, 1084 (2010)
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Non-equilibrium statistics dynamics
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}_90
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P(x) = N exp(-(Ecpy(x)-Eg)/kgT)

_ Pr(x) = N,exp(-(Eg-Ey gy (x))/KkgT)
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Mt MBEE: Fermi-DiracomBEE  fo(E) =

1
1+ exp[(E — Erg)/kpT]
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Boltzmann equation
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Boltzmann-Bloch equation (for steady state)

[l _ viVef + %ka

T
f—fo (Of af
T — ot trk+Vkvrf+VkFaE

af() af()

f~fo— r<¥> — Vo —T0iF o
trk



EFEEOERSEX

FHREBOTIVIEL : BEPHESEYE
)

De(E)f(E)E + Ny~ = j Dy(B)[1 — F(E)IE + Np*
Ec
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Transport theory: Relaxation time approx.

Carrier density
1= [, DB (B

Conductivity and Mobility

O _ =en

> e nj* <Tl> - /ua’rift
k 2 (e k 0
() =2 (- £ )e(5 Do(5) 2N
o(E,T)=7,T"(E-E,) "
BlZIEXEEHETIE p=0,r=1/2




Hall effect: Boltzmann equation
AHEZ, RAZE. FEAROEFYPMELF. BEEE (2005)

’n T e \? e
J =+ [(H(W)z)E + (m—) (— (W)Z)B(B E) +- (3 (W)Z)E X B
WhenB-E =0, w, T K1
2)E x B| = e ) px B
] - i Me (T)
_ (%)
Jp aEx + O',LLWEJ,BZ
= oE g B =0=E =< Fp
Jy = 0ky = ow oz ExBy = 0= By = 2= Ex By
Jz = 0E,
E . F%‘.LLBz]x . 1
y — 1+(Fyu)2B,%2 " en 2Jx
Ry = —I;—HBi (for electron)
2
Fy = ). Hall factor py = Fyu: Hall mobility

(1)2°



Hallh 8

Ry=Fyu/qn Myay = Ne/Fhan
HHall = HarifeF Hall

Hall factor Fyay = (72)/(t1)°: 0.9 ~2

0fe(E)
OF

() = - g OO(E En )T (E)Dc (E)

%EEFDH%FHEIODI*)L# K1FE
= KYJrBEELHABREEDIT

dE /n,




Ry = Fyy/ qn

Hall&-F F Hall

Fa: ACELBERE (AT

2.0
=20 3157/512 ~1.93

1.8}
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- E ,Z.:TOgr—l/Z
ﬁ 1.4t 15 N.=5.3%10'8 cm?

1.2 5—7)\ 37/8~1.18
1.0

1.0 G

0.2 -0.1 O 0.1 0.2 03 04

Er (eV)

0.5
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Known from effective mass (free e approx.)

- . et
Mobility, conductivity g =— o=eN ;1

m

e

Density of state function M 1s the degeneracy of LUMO

J2 JE-E
N(E):MC 72_2 h3 - mde3/2

/
Burstein-Moss shift s W[ 3N, N
(Er of degenerated semiconductor‘?Eg 16327

mde

Effective density of state N, Ny,
for 1sotropic CBM/VBM that does not have extra degeneracy other than spin,
density-of-states effective mass my, is equal to carrier effective mass m,".
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Thermal velocity Eme vm2 = Ek vl v, = \/ 3k, T/m,
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Fermi velocity Eme v =E,—E. v, = \/Z(EF —EC)/me
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BENEEICEZASEE: EF—HBFHEER

BFIERANDAAEHEERTSHGER.

ANBEMNELGS => Polaron
HE/ERLTEL. EFIXBEIELTULIVELY: Large polaron
HEERNEL, BFIXEAEFRIZHEIL: Small polaron

Frolich polaron model
m*=my*(1 +a/6+ )

ch |IE 1
= ome, f: |.ﬁ|:a_+ (E —E. )
0.068 for GaAs

3.8 for SrTi0,

H. Frolich: Adv. Phys. 1954, 3, p. 325.
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Thermoelectricity: Boltzmann equation
AHEZ,REZE. FEROEFYIERZF. BEE (2005)

Boltzmann-Bloch equation
df(k) _ _Forll) _ , 0fk) _ fU)—folk)
dt h ok k or (k)

e(k).
k

V) = . group velocity < v, : phase velocity

df(k) _ F 0f(k) _ of (k) _ flo)—folk) _ 0

Steady-state 5 - 7 Tk Yk, (k)

Non-uniform 7 and chemical potential n: depend on position r
F 0f(k of (k
f) = fok) = (k) (5 - L2 + v - L 2)

_ 0e(k) af(e) e—n 0f (&)
- T(k)( ok U TV as)

= —T(k) 6];(88) Vg (eE + TV T)




Thermoelectricity: Boltzmann equation
AHEZ,REZE. FEROEFYIERZF. BEE (2005)

[ @it (2L eE+TvE ak

J folk)dk
(Vi ® Vi) = (Vg Vg ;): Direct product of vectors

J =en

v — —ﬂVT—Vn
T T

Chemical potential 7 1s a function of carrier density n(r)
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Seebeck coefficient
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Degenerated semi.: Free-electron like, single band, t=t,+((E-E,)/Ep) 1,

2
g _km |3 T |k
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Non-degenerated band:
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Hopping conduction (small polaron): Entropy S
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Jonker plot: ex. For p-type xZn0O-‘Rh,0,
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G.H. Jonker, Philips Res. Repts 23 (1968) 131; Kamiya et al., Adv. Funct. Mater. 15, 968 (2004)
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[.P. Zvyagin, Phys. Stat. Sol. B58 (1973) 443

V.V. Kosarev, Sov. Phys. — Semicond. 8 (1975) 897
H. Overhof, Pys. Stat. Sol. B67 (1975) 709

P. Butcher, in Proc. 61" ICALS (1976) p.89

2 e

dInN (E)

TOT)l/Z (

i )
E=Ep

SN gg conducnon band

[EREMHEOERIGE . REIILEYFE, IR T 54T, 2003&%’2#&

— . donorlevel -

—

CNCEY



Measurement of
electrical conductivity and
mobilities
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ANAVE—F R Z>BBAVE—F VR Z
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p=21tW (V/I)
WIS A TESdA IR TE HBEDB AL, 1]
p=CdWV/I) vvvv
. e BH )
T \WWAIAW VW \\
4 GERFIEIC & 5 MR O TR EIR T C B R "
R/W C R/W C
3.0 2.2662 20.0 4.4364
4.0 2.9289 40.0 4.5076
5.0 3.3625 00 nw/In2=4.5324
10.0 4.1716

I.B. Valdes, Proc. IRE 42, 420 (1954)

F.M. Smits, The Bell System Technical Journal 37, 711 (1958)
S. Murashima, F. Ishibashi, Jpn. J. Appl. Phys. 9, 1340 (1970)]



4探針法による円形薄膜試料の形状補正因子 C
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Van der Pauw{E

L.J. van der Pauw, Philips. Res. Rep. 13 (1958) 1.
WY 2 HIIM L 72T EEMABRIZ &,z 2 it L. BARCDRE] DBV % Il E

RAB co= Ven/ Ins
FEMBCHIC R, 2 it L. BARDAR OEEV, , & &

Rpcpa™ VDA/ lpc \ e "
FEMRACH BRIl 2t L Uk (S B E AR 2 B D Wk 2 1IN
FEAHBDRIZ A U 5 BT 4 Vi A

ARAC,BD = Vap/ Iac
7id (RAB e T Rye DA)

— : : P47 (R
p In2 2 f( )
_ B 0o = d ARAC,BD
q-d- ARAC,BD Hall B. P
. xp(In2/ In2 R-1
fIR): TR IEAREK %f)msh{n?m} AlO O|B
# 2 Vander Pauw {EIZB 1T 2 RGBSR £
Rag.cp / Recpa [/ Rag.cp / Recpa f
1.0 1.0 1.4 0.9903
1.1 0.9992 [1.5 0.9860
1.2 0.9971 [2.0 0.9603 p{O Olc
1.3 0.9941 [3.0 0.9067




表２　Van der Pauw法における形状補正係数 f

		RAB,CD / RBC,DA

		f

		RAB,CD / RBC,DA

		f



		1.0

		1.0

		1.4

		0.9903



		1.1

		0.9992

		1.5

		0.9860



		1.2

		0.9971

		2.0

		0.9603



		1.3

		0.9941

		3.0

		0.9067






van der PauwE

L.J. van der Pauw, A method of measureing specific resistivity and Hall effect of
discs of arbitrary shape, Phil. Res. Repts., 13, 1 (1958)

It will be shown that the specifie resistivity and the Hall effect of a flat
sample of arbitrary shape can be measured without kuowmg the current
pattern if the following conditions are fulfilled:

(a) The contacts are at the circumference of the sample.
b) The contacts are sufﬁuent]y small,

(
(¢) The sample is homogeneous in t}uckncss
(d

) The suxface of the sample is singly connected, i.e., the sample does not
have isolated holes,



Van der Pauw %
BB DR

Square or Square or rectangle:
Cloverleaf rectangle: contacts at the edges
contacts at or inside the
1 4 the corners perimeter
b —i—F -4 *-
&\ /< '
2 3
(2) (b) (©)
Preferred Acceptable Not Recommended
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Van der Pauw k(X HHallBEFF 5 ) ER

Causes of incorrect carrier-type identification in van der Pauw-Hall

measurements

Oliver Bierwagen,®” Tommy lIve, Chris G. Van de Walle, and James S. Speck

APPLIED PHYSICS LETTERS 93, 242108 (2008)
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Positive Hall coefficients obtained from contact misplacement
on evident n-type ZnO films and crystals

Takeshi Ohgaki, Naoki Ohashi, Shigeaki Sugimura.” Haruki Ryoken, Isao Sakaguchi,

Yutaka Adachi, and Hajime Haneda J. Mater. ReS., 23 (2008) 2293
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log f [HZ] Nakahata et al., J. Non-Cryst. Sol. 266-269, 120 (2000)



Arrhenius plot of conductivities perpendicular and
parallel to film surface as a function of Ts

log G [S/cm]
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Hall effect

Hall3h R



7N FHall/ \—

L

5" WFEHA |

M 324 Hall ZHEOHEE

P9 im F f E THEARZAE
BRI F(C.DIMEZHEET DHE

INE—ZV TR E

X)) 7 DIGEZBREINZYBRETED
0¥ F A E CERELRIE

BB OHAER G FOHMAEHET
EEEELITS




HiGREE, BiiRIGHIE CTRELHER
HallEEEWBMNIT N TLVS
HBEDARI EFEENTS
V... = BIR,,/t + IAR

0

- Wiim T REL S € THIE
V..o =-BIR,/t + IAP

0

== (VobsJr B Vobs_)/2 - 'B]RHa

l
AR

BIE16 6 FEEBS Fa—KMJYTIL 20154.24

67




BEEHall R

Co-doped TiO, films grown on glass: Room-temperature ferromagnetism
accompanied with anomalous Hall effect and magneto-optical effect

T. Yamasaki,1 T. Fukumura,1’2’a’ Y. Yamada,1 M. Nc’;lkanca,1 K. Uenc::,3 T. Makino,3 and

M. Kawasaki®>'*
' APPLIED PHYSICS LETTERS 94, 102515 (2009)
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Optical mobility
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Transmittance [%]

Free carrier absorption
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FCAf&#T: a-IGZO

T&R spectra combined + Film / Substrate layers optical model
Tauc-Lorentz model + Lorentz model (at ~E) + Drude model
Accuracy ~ 2% => a = -In(0.98)/d ~ 900 cm! (for d =230 nm)
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Band edge reproduced by a Tauc-Lorentz model
FCA fit well to a Drude model with a single t:
Free electron-like transport
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Field-effect mobility
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Energy(eV)
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Hsieh et al., APL 92,133503 (2008
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Space charge limited current (SCLC)

ZHIEMHRER



REMRFEHTOREFNHETR:
R EAHI R ER(SCLO)(BFHH)

HECHMHIN-BRNERTIHERTI VLA (B TE—-—LTF] , 2R 74
M TELUNIES
BFDEE vix), EZRDOFBERTUIVIL V()& x DEAE

%mv( )2 eV BREHROEH j(x) = en(x)v(x) =J

PoissonDHEX ¢ ¥ (x ) en (x): J( n, jl/z
dx’ & &, \ 2eV

& amacsrTms (C0] e

dx’ &, \ 2e

BRRADERNTRNSGEH £0)=0 ELTHELS
3
4

-8 (5

/2
7= 2% ( 28} A Child-Langmuir®3{
9 \m,) d Ohm®;EANIFAIILALY




ZRIBRHIBREIR vs OhmicE i

—vIEik: J=cF

2
LI EHHEER: J =§€uE—

d
e, =3.0¢, X
=1 X 104 cm?/Vs vV _p
d =200 nm N=1X10"? cm? dx> ¢

N=1%10"¥ cm?




ZHERFIREIR(SCLC)

NENSEASN-BERAYMERAD
BHEREZEICLLRTREATELNVES

W)= W)= en, ()=

dV(x) en(x) J (dV)l

x> e euldx ~
9 V?
J=—&u—
8  d
, H E I
SCLC with trap state: A(E )=EeXp(— Ej Ve Ve Vi logV

® 3.18 ZRIEMHREN

2w+ N1 e v
J=e"'u N
a V(Hlj (ZHHJ FER
I=T /T=E kIT

V. Kumar, S.C. Jain, A K. Kapoor, J. Poortmans, R. Mertens, Trap density in

conducting organic semiconductors determined from temperature dependence
of J-V characteristics, JAP 94 (2003) 1283.



C12A7¢/Cu,Se OLED DI

Yanagi et al., J. Phys. Chem. C 113 (2009) 18379

a

a
100 ——— — 11— 2000 L r——r—r T
40F . 3
‘E F Jvs. V 3 f —O—I-AlTO 93
S 80| O lAHTO -y = 35 I-CA-TO )
E _ I-CA-ITO 11500 § oy 30f —O—I-Al-Cu-ITO / E
= eolLVvsV = 5 f —0—I-CA-Cu-ITO o 3
= [ —e—I-AlITO 5 e 25 ._
@ I-CA-ITO 1000 3 £ 20 /I:l :
<] ] ~ ]
3 = 15F $O—=0 3
£ g g8 :
g 20 500 i § 1.0 3 3
.= O05F 3
=] [ 3
o 0 SO OY 0 % 0'05- 1 . 1 . |O. 1 n 1 n 1 n 1 -E
0 6 | 6 8 10 0 20 40 60 8 100 120
oltage (V) Current density (mA/cn?)
1 T T T 5000
€ 120} Jvs. V/ _ % 103,
| —O— I-Al-Cu-ITO 4
S 100} —o— I-CA-Cu-TO 14000 £ 102}
E 80} Lvs v = ] = E 10°r SCLV(;
' B VS. i 3000 : = 0 3 _ v
> _ | —m—l-ALcuITO | 8 > 101 r IR
% 60 i —a—I-CA-Cu-ITO {2000 E Z’ 102 r J e V™ (m =
or (3 g 8§ 1
o ]
L _3 B i
E 2| 1100 3, e 1T ohmic
] (] -4 [ o measured
£ i Z 107 4 calculated
=1 0b—r3 ,Q/ﬁ/ 0 E 3 104§
o il 0909090 o 105k 0246 810
Voltage (v) 0.1 1 10



WNAWALBENE

1.8}

3157/512 ~1.93

) F‘Ungﬁf# (;Eﬁ) Hqg = E/ Varift 1.6 _
EEEBHE: u=c/(n) ESPoTnERE? _F14]

-HallF8 B Hall3h R SHall iR HR, &8I E 12} Sw/8~ 118

> H : :
V,=R,I.B,/d,R,=1/eny, =v/en o fﬂ

M = O / (eng,) = Yy

(r=1-2: Hall B, BELET) ") 301 0 01 02 03 04 05
RSBEE. FO-IAYOREEOEREFREALHE
-MOSFETH B

BFIREBE. EFRNRBIE. faflBaE
- Time-of-flight (TOF) 8 &
INILVAEBE -L—F—RmelaE TEWND—r v TEE L.
XRIEMBIZEET RN BEBEZRIET S
v=pE = uV/L, At=L/v: upor = L2/(VAt)

BSENNRBHE



Electronic conduction in polycrystals
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Ellmer et al., Thin Solid Films 516 (2008) 4620
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Furuta et al., Jpn. J. Appl. Phys. 40, L615 (2001)

RIRRTUOvILIEEE: 1V,

¢ &

1/2
2qn, kT* exp _4Vs sinh| — gV
2rm k,T 2nk,T

u=Lq(1/2mzm*kT)"2exp(-E/kT)

potential

J.Y.W. Seto, The electrical properties of polycrystalline
silicon films, J. Appl. Phys. 46 (1975) 5247.



Double-Schottky barrier-
controlled transport in
poly-Si
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Distribution in poly-Si GB potential height

(measured using 20-50nm wide nanowires)
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DC mobility (Hall) vs in-grain mobility (FCA)

T. Sameshima, K. Saitoh, N. Aoyama, M. Tanda, M. Kondo, A. Matsuda, S. Higashi, Analysis of free-carrier
optical absorption used for characterization of microcrystalline silicon films,
Sol. Energy Mater. Sol. Cells 66 (2001) 389
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Electronic conduction in
amorphous
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Mott’s variable-range hopping (VRH)
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d: Dimension of the conduction region
r =% for 3D VRH

S.R. Elliott, Physics of amorphous materials, Longman, New York, (1983).
IBIIR—. HiET., FEFX, GHEEBARYEVITGEE—ZTOXRWVESMBER—. BEEYE 29 (1994) 11
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Weak-localization

P.A. Lee and T.V. Ramakrishnan, Rev. Mod. Phys. 57, 287 (1985) through X.D. Liu, E.Y. Jiang, and Z. QW.
Li, Low temperature electrical transport properties of B-doped ZnO films, J. Appl. Phys. 102, 073708 (2007)
Kaveh, M., and Mott, N.F. J. Phys. C: Solid State Phys. 14, L177 (1983)

o(T)=c, +nT""* + AT

a phonon scattering model (p = 1)

P.A. Lee and T.V.V Ramakrishnan, Rev. Mod. Phys. 57 (1985) 287
W.Noun,B.Berini,Y.Dumont,P.R.Dahoo,N.Kelle,JAP 102 (2007) 063709

3D limit
TP2: Weak localization (WL), p=2 electron-electron, p=3 electron-phonon interaction
T'2: renomralization of effective electron-electron interpction (REEI)

bT2: low-T e-e Boltzmann te T)= +hT?
rnp( ) GO +77Tp/2 +ZT1/2
2D limit 1
InTfor WLandREEL  p(T') = +bT*
c,+alnT
Condition required A~ A, Ve
Fermi wavelength ﬁ“F =27/ (3 7T n)

2
Electron mean free path A=h/ (,One ﬂ’F)



Percolation conduction
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Mott’s Varlable range hopping (VRH) ?
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Sir Nevill Mott also pointed ...

e.g. in Conduction in Non-Crystalline Materials (1993)

Conduction in granular metals | 35

In this section we have used ¢ uments to obtain the 7*/* }nd
712 laws. For a more accurate| percolation method,lwhich gives almost the
same results, see Ambegaokar et al. (1971) and Polfak (1972). More recently
Sivan et al. (1988) and others have argued that the percolative-like nature
of the charge transport in these systems can give rise to a nonlinear averaging
process that may cause a negative magnetoresistance. Effects on thin films
are anticipated and have been investigated experimentally (Ovadyahu 1986;

Erydman et al. 1992).




VRH everywhere in poor semiconductors ???
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Carrier transport in a-1GZ0O
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Hall results vs percolation model: a-IGZ()=05

Kamiya et al., J. Dipl. Technol.5, 462 (2009)
Kamiya et al., APL 96, 122103 (2010)
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T4 behavior and potential barriers
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