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Quasi-one-dimensional electron transport in

individual ZnO nanowires by field-induced depletion
Student : Chang-Ting Chen Advisor : Prof. Wen-Bin Jian

Institute of Electrophysics

National Chiao Tung University

Abstract

When a metal makes contact with a semiconductor, depletion is shall form spontaneously at this
metal/semiconductor (M/S) interface, resulting in a Schottky barrier. In this study, we attempted to
utilize M/S contact to build up an electrical field and to deplete the conducting channel in survey of
quasi-one-dimensional electron transport in a single ZnO nanowire. High quality ZnO nanowires with a
small deviation and an average diameter of ~50 nm are selected for fabrication of three type
nanodevices. For Type | devices, the Ti electrodes make an Ohmic contact directly on the nanowire and
these devices expose intrinsic nanowire behaviors. Electron transport of Type | devices exhibited
thermally activated transport and three-dimensional Mott variable range hopping at high and low
temperatures, respectively. For Type Il devices, two-Schottky contacts of TiO,/Au electrodes are
deposited on nanowires in formation of an electrical depletion field, compressing nanowire channel to
form a quasi-one-dimensional conducting path. For Type Il devices, two-Ohmic contacts are made at
the end of individual ZnO nanowires, taken as source and drain electrodes. Pt electrode was then
patterned in the middle of the nanowire, acting as a floating electrode. Due to the high work function of
Pt, we expect to develop a Schottky contact which depletes the nanowire conducting channel. We have

observed that, in both Type Il and Ill devices, the resistance and the current-voltage characteristics
follow the power law R(T) ocT™ withoa~2-6and | (V) ocV# with B~ 3 - 7. Both R(T) and

I(V) reveal the features of the Luttinger liquid system. Moreover, all 1-V curves at different
temperatures for Type Il and 111 devices can collapse onto a single universal curve in the plot of I/T**
versus eV/kgT, coinciding with the prediction of transport in the one-dimensional Luttinger liquid

system.
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TEGWM oA THEEER CTNERRG RN A IR g o B ] 1999 £
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4e] 2.10(8); = AR TR R AR S UM 2 K ALE o fE2 5 bulk-contacted
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eV < KT g2 eV > KT e ™ 301 & doae e i R STI IR en B (5% o 9 gt

M Pk 02T x @& * universal curve ¥+ Bl Bicdpie THRLE o

11



(2) ® © (D

-

T , —1 10 10
2 @ |
10 1 104 _\_._ -~
2 D 3
Lu] o %
10° 10°
% 10" 10° 10" 10* 10° 10" 102
" o100 V(mvV) V(mvV)
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¢ 1% Bl (a)bulk-contacted ; (b)end-contacted [10] -

PAER R - AT 32T 0 fsd (38 24 5P T(x) 3 Gamma
function > T4 ~ P IRELBER X3 B F Rikw o y 5 TRA A G G160 A
SELF B A L BIRY 63 R R R RIT g (d/dV ) /T eV /KT TR >
4o 212 95 o FOE I eV /KT Rl PEY dihs - Wl § eV/KT x3 1Y
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g
=
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3
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10“ bbb BELILE L LR BELR AL LRl ¥ —rrrrrg
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di eV
— = AT “cosh| y— 021
v (7 kT) (+21)

. 2
r 1+« +y eV
2 27k, T

2004 & Akinobu Kanda % * & % & % # & (MWCNSs) ¥ [12]> 3 Rpies T F2 2

B BT RF FAMGA/AV eV P T EERRY G RAMGEGeT? > A i
PERa §EFMNBETREG IR 2134 BF v oRF AU AHIEBR < 95
ABRE - @B PR A1 E AV, 2 100V 2R %7 £ o
FLE PR E ReE LRAM o 4 3 - R R

(a) v | v Y:

0.4

@
o

exponent

o
P2

5
gate voltage (V)

213 e Biwa BE @A # 5 (0B #.& [12] -

2006 # FeiLiu & 4 » %8 8 InyO3 2 K 4~ i P LT i endd 14 [13] 4%

ERABEF AR ON A S B AR AR 214) 0 @ B R HI R ED
FREFRRERFIT R4 A RHBTBPFE VR KRG G R ARBITE AT
MR REMEA TERTIR OMBT RS ZARDEF AT HED RO
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(V, =12V)cA T 2 o4 R B 4 5 R =0 B 40 dI /dV,, oc V2 4ol 2.14(b)
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BTG OBE TR
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PBTTT R &4~ ¢ BLETIAp eI g L BIFA|* b e BT R-150V > 8 77+

MBI RTE MRSl amidgd o B 215§ e 5§ it K HPBTTT ¢
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Y AEoE I RE D el B9 | By AP S A s

d BT FIRER M 200K 16 ERIBEE #F - EART @ E3RE 3 200K B
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PRI IEFE T RAPM[IS] B AR 30 K M EF o R iR 0 B
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3-1 #&iE @ﬁf] (thermally activated transport)
FUOBZEAY FLF 24 A R FENE R ntype X HA o n A L Ea
PSR R € BT K AP ERT A EE > A R I N EN A G ST
d 5831 %7[1]:
n(E)=g, (E) f. (E) (% 3.1)
H 9 fe(E) &% Ff - 5 (Fermi-Dirac) A  Sidic »  Qo(E) LT + * E 4 1+ ehit i

R G FA-BPE BT E-E SKT 83T ¥ kW ST AT

-(E-E
fe(E)= ; coxp ) (4 32)
(E-E;) kT
1+exp T
AL ERAETY TAEE Ak RS £ GRS I n/a ¥ H -

TRk %A Vi s

3
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WAtk g B s B4t Amk® > 2 kK 2 R ehpic s B3 B RAV LB
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N; = N, (% 3.12)

1+2exp(E —E j

KT
xd HRELFETENEN, = p+N; o A N L EHN, L R pia i)

Fn =Ny o b (3 3.9)# (54 3.12)7 4w

)]z Nd
kT 1+ 2exp(EF 5, j
KT

n=N_exp[ (&, (5% 3.13)

% Ny >N, >>%Ncexp(uj oo (58 3.A3)F it i A [2]

kT
N, —N —E .
a N _ex A N 3.14
[ 2N J ¢ p( ij G )

a

n

1N

B ¥ EAmEc-Eq Eaf s #5 1 a0 o DM e THT RS T IET MRS TR
2R EEE T

J=0E =q(s,n— 1, P)E (54 3.15)

= q(s,N— 14, P) (¢ 3.16)

Q|

paRILF o F 2 n AL EipEa > pR

_ (4 3.17)
qu,n
d PR T aepk tatnos orud (V31T R ET B A
R =R,exp Ea (7% 3.18)
KT
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3-2 %ﬁﬁe}’e&‘é’@ﬁ] (Variable Range Hopping)
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3-3 & &F A& (Schottky contact)
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3-4 1242 77% 18 14 (Luttinger Liquid behaviour)
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4-1-4 # %1 (thermal evaporator)
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Quasi-1D channel
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