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Abstract

ZnO nanostructures have been demonstrated to possess the excellent performances for diverse
applications. However, defects in ZnO may lead to the poor performances during the operation.
In present study, we implemented the modification of defect states of ZnO using oxygen plasma

treatments. The ZnO nanowires grown by vapor-liquid-solid (VLS) method in vacuum furnace
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were possessed the large amount of oxygen defects, which is confirmed by the X-ray Photoelectron

Spectroscopy (XPS) result. After the oxygen plasma treatments, the defects varied accordingly. The

magnitude of current was decreased as the treatment time increased. Moreover, the degree of the

defect density at dielectric/nanowire interface was investigated by using the low-frequency noise

analysis, revealing that the defect density were 3.6x10°' cm” eV' + 2.85x10” em” eV' + 1.36%10%

em” eV' and 1.09x10*° cm™ eV for as-grown, 10 s, 20 s and 30 s oxygen plasma-treated ZnO

nanowires .
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512851 (Lasing Emission) (95 PE " » W& 1L
$¥ % Ry MBS IR FE 1S (Wurtzite Structure) » H
JFEF- BV 1% A Bl ¥R 14 (Axial Symmetry) -
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2.1 SELEETORRRR R

psed  WAEH =E KR FEEEE
AR AL SRR KA o B % ST 300 nm
Si0,/Si fi Fv #l| F 88 -1 & 9% At (E-Beam
Evaporator) # #7 10 nm 8J Au B{EKE
ERBRENEE T IRE (Down-Stream) o &
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THFEFERIIREDE 10°-107 torr FFLAE R
INEAGESE R ETTHEIE - 5500 » B EALEER
7 (ZnO Power * 99.99%) Flfx#7 (Graphite
99.99%) % g ¥ AR & E WA BHE A - T’
A% BN ES L& (Up-Stream) » fi%
KRN B R BALEEA R - B AE
R T B A T R % Bl BB B
Bl EEEREER 107 or B A
140 sccm & % (Ar) F1 50 scem & R (O,) °
ERMERT I HE#H R (Carrier Gas) M
[ € 5.8 (Reaction Gas) » & A B FIHE1E
4 torr £ 10 53 58 1% P AR EN N BLRHE - JROK
B REE IR R 1000 °C - EMRHIHER
850~1000 °C KR - JIEFAR 1 /TR
H AR RE BB E LFE R AR -
2.2 MK T

Ak R 19 &AL B S ok AR 0 2 S A

i 7% 5 =X & F 8 {8 $% (Scanning Electron
Microscopy, SEM, Hitachi S-480 0) 43 17 3%
BRI SRR B X e
7 & (X-Ray Diffractometer, XRD, Bruker

(b)

Nickel deposition

R 2 SW e Rt =Y =

MBREREERAe A Las reneazaE B

D2 phaser) ¥ {7 A TH & B &5 #1710
28 % 3\ & T BH {{ 8 (Transmission Electron
Microscopy, TEM, JEOL ARM 200 F) FiZk15
BRI AR AR I T P9 B S BSERE. - Bt
FeRERERIRBRR MR X A E TR
% (X-ray Photoelectron Spectroscopy, XPS,
ULVAC-PHI 1600) 1T 5477 °
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[ (a)] 0 R R e R A o
#i Y[ (MMA EL114+PMMA A 5) fA B4
[[& 1 (b)] > B {E FHE + % il (E-beam
Lithography, EBL) 158 1| A /& £5 £ B8 1% & /2
[ 1 (c)] » FMNXLAEF RAHE R 2EH
150 nm #8 (Ni) fE S oo E # [ & 1 (d)] -
lift-off 1% ik o] 5% F% EAL$E Z K T R B
[E 1)

E-beam lithography

ZrO nanowire
Protoresis:

N Nicke!

sasge Oxide

B S substrate
Electrode

Lift off
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(a)

Electrode Plate

0, Plasma

B2 (a) ABEHAFFATIHRER
(b) REHH S LA HEAE R EE

2.5 {EAFFEEN =W (Low-frequency noise
measurement)

BAEHEER T BB E R
S BN REAERE o3 fT e T (AR 2 T - %
et (Drain) SEEEFEHIE 1V - FHEE[EIRT
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RATHROAETRE RV IGEE
BLIEN - ARAEEHERNRARE200E 3 -

(a) (b) -

{1100}

200 nm
mm— 30 35

Intensity (a.u.)
5H200)
2Znoo2)
b Znogi0n)
al Yau
Y znoti07

0 45 50
20 (degree)

B 3 FALFEFEKEAVFERE ST < (a) TEM {KfZ
AR - (b) EEEH B (o) B
551‘% 1% - (d) HIDR XRD 28T ST 5 8

= #REES

3.1 SEEEFFORBRA RS A B e

HEHSHERARNRESE . @A
140 sccm & R F1 50 scem &R 0 MR FOR
MERAREE R 1000 °C » BBIIHEFFE 4
torr » AR Ay 1 hr - FIARHE R EESE 30
cm BB AT R 39 4] HE RS L (Aspect
Ratio) B & LFF R AR - B 4 () BFERE
{LEF S KEREY TEM KR35 15 nf LAFIERIT
SR ERKE 60 nm B HA fHE i
AYZRIE - [E 4 (b) fotB ¥ E RS & e 5T B
(Selected Area Diffraction Pattern » SAD) » B
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B B 5 Wurtzite F5 M E L B8 (ks
KR LA (0001) fh i HE B AL R - TEE 4 ()
A EERHT TEM 82511 0.28 nm 1 0.52 nm
) T T BE AT 3 I 21 S AL $EAY (0001) AT (1-
100) F41H - 1M AT S (LEER KRR B
c i R - B E S B 5 i R Y)
&l - B 4 (d) By XRD 43 A4S 5 - BEAT 0%
{845 B2 20=31.8° ~ 34.5° ~ 36.4° » 47.6° f]
56.6° » BR T Si E AR LA (Au) BIHES
BN - H AR ST IS 7] B e ] S L FE
¥} [JCPDS NO: 36145 » #FEIEASHE (wurtzite
structure) % & Bk [a=b=3.24986 A - c=
520662 A - FREEE a=p=90° » y=120°] °

4 (EAEFER TR IE

Tl — D T S E R H N AR
ZKARI LRI - MR R BEAS R R
A 6L O i R (R 48 A+ BISEF XPS 2G5
T4 o — AR » XPS 93T 43 s i 18] 20
73« (il 2 K B (Survey Scan) » —
2 7 Ju &/ i B 47 #5 (Multiplex Scan)
Survey Scan f2 DA Y #7753 R A 5 A i
T I GRR AT TR Y SR A R

(Binding Energy) ; Multiplex Scan j& DA#& %
158 10 5 5 3R 8 A0 93 AT R O TC R WU R E

FR AT ARG Ribas ki B

B FERIRIIG < R EEFE R B (LFE oK
T XPS 4347 o] LA 2U485E - AR H A5 m
€1 (SAJA) #2 {1 COMPRO XPS 437 #k
B840 O.Lupan et al. FISCBRE R BITET 43
R 25 W AL FT ¥ e 2 Y e SR A H U & -
5 (a) B KRR I A (LFETKER XPS Survey
Scan #f B+ &= A 44 RE #i By 0-1250
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Multiplex XPS 43 #7 o] LARE g &8 {157 2= 171 K
P B 48 A AR SRS 0y I R U REEL ) - i 5 (c)
EEET AR O-1s YUk iy HTHEE -
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T-LL Wurtzite $5FEHVSEISPTE R - Hoigae
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B/ RETHE TR E SRS - M7 531.88 eV
L Bl (B N & A L $F = | O-H 45
£ 751k (Oxygen Vacancy) FIE BT # (Loosely
Bound Oxygen) FYERL » FLEE A/ NREL
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3.2 BLSTORTT R AR RA B SRR

FRF R R B 50 A

B EALFE KT A A B i P A
B @A 60 scem BYEFMIERTE 60 W HY
N SBIETT 10s ~ 20 s F1 30 s Y& EESE
B TR T B R ML -
6 (a) HE[FHFTHEBTEER - NEA
Fyut: SEM #24% - [E 6 (b) ReARERERT K&
BAEEH 105~ 20 s F1 30 s WEALFET KT
FEEEHRE SR ATEREHE
BRI EE % - B ERE e E
FREFEE MY » & EHERET
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6 (a) ZnO JLHHERETER - NE R TH
SEM 1% - (b) /LFE KT fERER
MEEFEE 10s -~ 20 s F130 s # 1d-Vd
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72 — TR BE IR 8 (Donor-like) » A 42
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