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ABSTRACT

Growth mechanism of in—-plane ITO nanowires during

thermal chemical Vapor deposition

Chang-Su Seo
Advisor : Prof. Hyon-Chol Kang
Departmant of advanced Materials Engineering

Science Graduate School of Chosun University

ITO is the best material to make wide band cap transparent semiconductor
for a flat display. Because ITO has high electric conductivity and also high
penetrability semiconductor. Additionally ITO can be used to run gas sensor.
ITO is mainly made by a thin film and the present sate of study is focused
on that manufacture, has high electric conductivity and penetrability. The
problems are high payment and exhaustion of Indium for make a thin film of
ITO, and to replace all these things many study is passing off by clear
electrode. Those are new rising materials, can be used for clear electode; there
are Transparent Conduction Oxide TCO, Silver nanowire, Carbon nanotube,
CNT, Graphene, Conducting polymer. And those materials are being studied
continually and competitively by growing the future display industry. But all
these replacements are not good to commercialize better than as much as ITO
because their sheet resistance and transmittancy are not enough to. On this
thesis we made Horizental and vertical nanowires, has high electric
conductivity , good surface and also not easy to get in ITO. And we
deposited channelling nonowire on Sappahire  substrate. We tested on;

deposited degree is 700~1000C, Growth-pressure is 10Torr. And we used

_10_

Collection @ chosun



mixture gas; it is made by mixing H2 on Ar gas, as reactant gas. (H2 content
: 4%, 0.5%, 02%, 0.05%) As the way of knowing the structure characters
Scanning Electron Microscopy(SEM), Transmission Electron Microscopy(TEM),
X-ray Diffraction(XRD), Atomic Force Microscopy(AFM) are used. Analysis
result through all those equipments is that; at first SnO2 served as tip and it
make a very long tail by making Horizental nanowires. As a result we finally
got nanowires formed by Horizental nanowires, having hight electrical

conductivity and also surface is perfect.
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=

Zolth. 1AL ITOE Ed 7F=AlA el AMg-2 & Sl
2 wEolxed AAY AT FAE olFA AVA= 5
ITO Btete] Az g 4o ZFo] A Jvh2] 28y ITO ¥tets TreEs
Aodle Indium A5 nZH} FL 7HACR I8t o] tiA|E}7]
3 2Ae @77k @wol WAL AThE] BA FH AFeE ALE
AZ 22 58 A=A 2Fs}E(Transparent Conduction Oxide TCO), 249}
o] of(Silver nanowire), B4} =5 H (Carbon nanotube, CNT), “L2}3(Graphene),
AEd aEA(Conducting polymer)7t A7l lom, mg Hx=Z#Heo] 2]
o] A A BAHCE AF7F Hi Unh[4]

SHAIRE o]23t tigkSo] ITOE tiAlstd d1dsts & + A= WFe =24
AAY AAEY, FRE7 YA gv AAoth[5] B =idAle CVDE ol&

3l A7) AEEo] 1 EHZo] =11 ITOYA & U2 A ¥+ Horizental and

_,d
olr
rol
)

vertical nanowiresE THEo] ANd¥YS FAJSh= nanowireE Sappahire 7]3%o
&3 AY. SF2EE 700~1000C, Growth-pressures 10Torroll A 23S A 4]
stal, BHSIIAEE Ar gas o]l H2 & 42 £37H2E AMESAo (H2 3
ZF 4%, 05%, 02%, 0.05%). TZZ FAHAS &7 f3 &4 WHoe=Es
Scanning Electron Microscopy(SEM), Transmission Electron Microscopy(TEM),
X-ray Diffraction(XRD), Atomic Force Microscopy(AFM)ZHIZ =43ttt o
AU E 53 B3 [TOS CVDolA & AAE XA k= Horizontal nanowires
7b AAEAAL, 2EE WSt A7IEE X7l AAHE d4Ae] A7l o
growth mechanism®¢] @&A= AL & F AATE. 1L tipo] Sne = #-§-3}
2 In} Sno]l AA wxIv}e} Horizontal nanowiresE TS A v ZA 7g
Z PAHE RAS ¢ 5 UJ3 A FAE Horizental nanowiresE°] d

L A AV|HEAo] £ ¥HAO| L nanowiresE s & QAT 17
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= (100) plane in cubic bixbyite structure.

O Oxygen vacancy

Figure.l (100) plane in ITO cubic bixbyite

structure.[14]
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Table.1 Property of ITO nanowire.[15]

Crystal structure | Cubic bixbyite

Lattice 10.118 A <d<
parameter 10.31A

Density (ﬁ/ Ul'ld)

Type of
n-type
semiconductor yp

oxygen vacancy /

Carrier induction .
tin dopant

{/Collection @ chosun



B. Growth mechanism

1. Vapor-Liquid-Solid(VLS)

U 9}o]ol 7} 443HE mechanism o] Be WHSo] A, 1
713 o] AlgE X1 YE HWAUZOZ VLS mechanismS AF&-3tt}h VLS
mechanism®] WH-S 19641d 0.2 A¢te] HYow, A 7|9 A3
glo] =99 Si gasE ETHEU Fo] Si Y= ¢folojE TEUD FHo] Ax7}
AT [16] VLS mechanism= % 37}A] ©@AZ yFojx @ &
Figure2(A)ol A Hzo] 7]@sol FvjgE 28T Metals A A®HS T
2L Fdal Fo A FE 9] island FEE W= £ thsddl= Figure
oA HEo] ¥hgE AlA YoololE w51 e EZS ol st
71 =o] AHAE Q] metald] THOZE F4UF H X
223l Figure.2(Q)oll Al B o] F49 kS Fste] EZo] HA4FH S metal

o HTe7t gomA & WFoR LA A o] Ho] YHHOZA =
]_
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I
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fr
s
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°

H, A= HYiestoloje] A7), AAHAA= A= AH/JE S metal©]
g4 HolA Qe Ixol "k B 2183 ©] mechanisme B A E
A oL 7HAE MES TE F e 5AES /ML ATk AHEEHE AE,
Aersde] 29 Aot =Tl #1 BEEE, 719 2W] AskE
Y EAe AAHLHY metal®] BFS ZAHAE Fa3 2l "o 7|He
g AFHEE AHFENY metald] EFe FAGHT AA-A| e AA

e} ge] Aol ojs) 2HAT[17]
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Thermal
evaporation

—>

Metal catalyst

7!%4"“ & 2 F-4% Metal2 gl 2L F

droplets ‘
‘.‘J“ﬂ ol 93 e 2] island A= U sjol o2 b5 37} B Bl D5 7hete] 7]
ki) A= ghE o 43 e Metal?] EH o2 F57}

H T oS o gHibe] oo

T4 H4E Eotel A4 metalo] $T3hh g 0.2
S 002 Ao o) HHel Wol G5 o] vhsheloizt
A7eod 2k,

Figure.2 Schematic illustration of metal-alloy catalyzed whisker
growth depicting the catalyst droplet formation during the early
stages of whisker growth.
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2. Vapor-Solid(VS)

HizetololE FAste B2 WHE F9 Sl VS mechanisme VLS
mechanism¥+= T2 WHOZH 713t A o]ok7]E SHAMH metal catalystE Al
&3 &= WHolth o] Vs Y= FFEEA she EHA €S 7hetd
Vapor JEHIE THEo] 7|#9dd g8 BuUlE £ 7|#Y 3xEWHA  surface
diffusion % surface migrations F3te] EA7|8 FAHAA HIZ Vaporol A
Solid7} =& Z°|th. VS mechanisme GAEZ yro] AWES st (Figure.3)
A WHA 2 AHE 719s FHIgH F iR SRstaA s 22 48 71e)
o Vapor ZElZ whEo] Foh Al WA o] 250l Azl X gleo] 7% o] *
Axoz Wolxth ul WA 7|Fe| X FZHE°| surface diffusion %
surface migrations F3t ©]FS st M=E HFF FEirt H7) 9 St
mpRIEte ' o] AR e =Hol HEIe} A S Hol FWFeE Y
rojolo]E AAstA "ot =, Vapor?] EZo] 713 HHA A AME QHASH AH
7F =71 918t 2o Solid7b H= FE S 4% mechanismo|th. ©] mechanism
o] 542 VLS mechanism¥}= T2A yi=folo] ol tipe] EA] 3HA g+
o= Aolw, A7V Alo]=2E VLS 2o] FAE & + ve 54| Uk
o] HE VLS Bt} HA Ago] Ha St} o] WHE Tt A4S sHA o
A el fAsta e Ajtel YA vimetololo] £o] meFo] EHEA
0] 4 &= Uth[19]
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ZIgE e FELA 98 7§£°pror e

7eko] Vapor 4Hd| 2 el £} 257 3 g¢] random 5] Gei v}

- 2l

FHA Ao Azt AP s A =
of oz gdrct

Surface diffusion 2 surface migrations $38}oj
o] &3t sk 7 A7} 5 7143 B3 Tk

Figure.3 Schematic illustration of VS growth mechanism
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C. Thermal Chemical Vapor Deposition(CVD)

oA Zek VLS % VS growth mechanism< AJFA|7]7] 9J8]A 2 AFo|
A= CVDE o]&3sted H3S stHth. CVD(Chemical Vapor Deposition)& &
R 3k8tA 71FFERE S YrEth20] o] WMHe HF o] f-gsta ERst
Feje] el TdsHAl FHRAZ F doH, ueE =29 FFo| o
th[21] 2Ea 54T FHe 7)¥
7hestthe A ujiol @A WA Az 3
AREE AL TR [22] WHetRY HAAE ZE S o7 Adel= gdEA Ha 9l
th CVDSE 7B dE e 7#dd S8t st =dS BAGEIE obd Z1Ad

B9l b2 FYSHT e AE W) Aol ne B mt nesshug
y

e
2,

o

£ B3 FFA71= Bolth oju A&3 vhES A =2 57 E8sH
HE® CVDHL HF °F 1000C BEo] oA o]Fojxth[23] A4k, o
2%, X8Rk & o]&slrIE gtk o]2igh 3}shA i aL2yhg-o]
dojhr] sliA 7H Fag W e 719 7tEex dd, 1% 7] widd 7
7 FERA A Aol MEA HAote GHE Uk F, A2 A HahS Az 3
R=dl 71T wee] WAl gwistyl dAste] FAdo] WEtslv|x sk, 7%
I whEzie]l Aol AT R JOBE o5 BFE s of stERE Ao
7F AR @rh[24] EE BS AMEEC] A5 AMSSt= WH2  Carbothermal
reduction ¥F§-S o] A}8-3tt}h Carbothermal reductiono]@ Z1g}idlo]E
HE AA FEATL AL A2Terd oA AREstE Wyt FdE

= 3 A 1;1{.%_

o
E4L &27F A3 = BondingS 7l Al melting temperatures
= 98-S g0 3 7HA S S0 AWskd Figureds & AyEH

ZnO + C —n(l) + CO(v)

ZnO + CO —n (I)+ CO2(v)

ZnO + (1-x)C —nOx(s) + (1-x)CO(v)

ZnO + (1-x)CO —nOx (s)*+ (1-x)CO2(v)
255 7AYot 3HAIRE Carbothermal reduction®] T2 71

[e)
=2
gulolE 22 g§AEL AAZ VaporZt HW e FAsIEE A& o= Eo7t
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Mels 2% 340 U@ olglgel 9t Aotk Ao AEAoE Sofzhe
e Begol Wol EAS HolmUtks Zol7] Wyl Tz % 544 9%

AE F Atk 21E Y carbons A 23 melting temperatureE W& 5

Je WHS Fotd A3} B HdYPolX = hydrogen reduction §HE-S A Eé}o]
A3 s stAFYY Figure59lA BEA|WH Carrier gas® Aroll H2E 42 E%7}

23 i

25 2Ed o] H27F ITOY bondingS 7Hx=glE IS 34 Buh. H27F OF
dets Eojsd 2RSS A steAe REPAT WSS ITO —
In2-xSnx03-2x + H20(v)(FAHE) delZ w5o] FA #roh. o83 hydrogen
reduction meltion temperature’} =2 ITO7} 700CoAME ¥H-3S 7hs3HA

e que slw dek
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{i}
' fmimﬂum quartz tube)
# ZneZnOx+CO =——% q,__'_,..--;n $ ik
SSS e ﬂgﬂ! nanawines
Vapor
ZnNGC
FTO

'\‘.’
In-n::ntOp_ t]zmmh*gz (d} \1. Zn0
vapor o nAnGwWine
dmplal nanoparticle
=4
FTO
substrale
Figure.4 example of Carbothermal reduction in CVD
(ZnO) [25]
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Hydrogen reduction
ITO — Tn®*Snx0%2 + H20(v)

Figure.5 ITO of hydrogen reduction reaction.
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A &=
A. ITO =&

In203 powder (% 99.99%)¢} SnO2 powder (*%= 99.999%)& 9:1 wt%h= &
&3ted ITO powders W& (1g, 05g, 0.2g, 0.01g, 0.001g, 0.005g, 0.0001g)
3 zone Thermal CVDE ©o|-&3lodA] AFS P33Tt Sappahire 7139 A H
2 acetone(CH3COCHS3), methanol(CH30OH), deionized(DI) waterE ©]-&, Z&
A 71E ARt ZF 5min A AlFHsIY Y 28lal HES R ITO powderE
dFuy HE FYo] Hof 1 2¥Fo2 ¢F4 ¥ t}ol] 3 zone Thermal
CVDe] 7hedel ¥a JAFHEZE JATHHE w50 Fo] 4PES &olsi
At SF2E== 700~1000CoAA 523t 3L, Growth-pressureE 10Torrol Al 4
FS AAEHAAL, WEVAIZE Ar gas ol H2 & & ER7IEE ARESHA
th(H2 7% 4%, 05%, 02%, 0.05%). & A3 HFIZ = 912 42 [TO=ZE
o A%a FReEs wANUA A¥e, 2T H2 FHT) AL T2

o4 ZA AFFE IO estolols] 2A% Roww wHaHch oleld
ZA44 U yYimgolojs9 ZAAFXE Gotr7] §3 XRDEAS &,
TFEA F4S Yotr 7] 9JEA SEMF TEMS Abgste] #astdth 28 o
A3 ITO yimofolo] o A& &otr7] 98 SEM# TEMel 3= EDXZ =

ol
o
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Figure.6 Thermal Chemical Vapor Deposition

system used in this study.
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Z= MO Sl

CHOSUN UNIVERSITY

Figure.7 Chemical Vapor Deposition

system used ITO powder in this alumina

boat.
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V. 23 2 3.3
A. ITO nanowire 700C

1. 700C ITO nanowire &4 &4

1) SEM
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Aol old Yizslolojeo] e o} 125 YolR 7] f&o]7] wiEol cross-section
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Figure D)l Q2402 27 448 thestelorl vg 44" the
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Z7] 4= tipol HA do= A%

W] A Horizontal nanowireS 3 4
27]d= g aee] H a3 F ] 2ok 1 tip= ¥} Horizontal nanowireS:
@ oko] WAl M. InorSne] FH = tipe] HAH. AT

Figure.8 Schematinc of 700C initial growth mechanism.
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Figure.9 700C High-magnification SEM image. (A) short horizontal ITO

nanowire (B) tadpole shape ITO nanowire (C) patterning of ITO nanowires
(D) 90° and 180° reflexed ITO nanowire (E) Vertical ITO nanowire (F) Passed

ITO nanowire.
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2) EDX

700C ITO wiegtolojo] A& F4st7] flsiM EDXE =4 stk ©f
AHE ©]&3H Samples o|Fi Ue Aol FAJMAE &
Figure. 10(A)ol Al E%o] WA gao] ®eFe] imslolo]S HA|F oz EDXES
A8 =tl Sngl at%7t Wol Wrle A 2= ITOZ 2 4] o] 8l
e e @ g vk 28a 09 el B2 olfe usld sl O7F 2

7ol HA7l wWEolth. 2ol Z2A AddE yimofolofo] AAF EAHEH

]

N

[t -Q Ay

o

S A tipH neck 1¥]3L stemZ o2 UFolA point profileS T3 HAES
4o A EATh Figurel0(B)ol A B Tip %] point profile & @o]El <
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TOD nanowire EDS
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Figure.10 (A) tadpole shape 700°C High-magnification SEM image and EDX
profile. (B) tip part point profile (C) neck part point profile (D) stem part
point profile
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Figure.11 700°C EDX mapping image of In-emission and Sn-emission.
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2. 700C ITO nanowire XRD 4]
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Figure.12 700C XRD patterns of ITO nanowires.
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B. ITO nanowire 800C
1. 800C ITO nanowire 54 ¥ 4] (SEM)
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CHOSUN UNIVERSITY

Figure.13 Schematinc of 800C growth mechanism.
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Figure.14 800C High-magnification SEM image. (A) Twin boundary

produced by bulk nanowrie (B) Dropping Sn or In tip (C) twin stem ITO

nanowire.
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2) EDX
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Figure.15 800C High-magnification SEM image and EDX profile. (A) tip
part (B) stem part.
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Figure.16 800'C EDX mapping image of In-emission and Sn-emission.
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2. 800°CITO nanowire XRD &4 &
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Figure.17 800C XRD patterns of ITO nanowires.
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C. ITO nanowire 900C
1. 900C ITO nanowire &4 #24
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2. 900°CITO nanowire XRD &4 &
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Figure.18 900C High-magnification SEM image.
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Figure.19 900C High-magnification SEM
image and EDX profile.
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Figure.20 900C XRD patterns of ITO nanowires.
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Figure.21 TEM data of Horizontal nanowire
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Figure.22 Sketch of metal seed particle (yellow) on graphite substrate[26]
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