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Abstract

Transparent. conductive oxide (TCO) film plays an important role in
photoelectron industry. There are many kinds of transparent conductive
oxide. The main transparent conductive oxide include indium tin oxide
(170), Al-doped Zn0O (AZQ), tin antimony oxide (AT0) etc.

ITO is important material of making the transparent electrode. 1T0
has both high conductivity and high optical transmittance. The subst-—
itutional oxygen vacancies and tin contribqting to its high conductivi ty.

The high optical transmittance of ITO films is a direct consequence of
it being a wide band gap (Eg>BeV) .

Due to its excellent electro-optical properties such as high
electrical conductivity, transparency to light, high substrate adhe-
rence, good hardness, and chemical inertness the applications in various
. fields: transparent electrodes for display devices, transparent coa—
tings for solar energy heat mirrors, windows films etc.

Among all of the investigations on ITO, the research on its thin
films has been the most interesting issue for several decades. To satisfy
the requirements of the wide applications of ITO thin films, a lot of
research efforts have been made on the preparation of ITO films, and
various manufacturing techniques such as evaporation, reactive electron
evaporation D.C. and R.F. magnetron sputtering reactive thermal dep-
osition and sol-gel process have been successfully developed.

Our country has much metal of Indium and tin, but the IT0O was mainly
imported. Therefore, it is critical that we must change the position
of importing ITO in high price and exporting material in low ﬁrice.

In this work, the ITO nanometer powders were tried to be prepared

by the hydrothermal method.
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Here, we report a very simple technique for the preparation of IT0
nanp-particles at a temperature as low as 300°C. The method was improved
based on the hydrothermal method. Put the precursor (indium-
tin-hydroxide) into a stainless steel autoclave filled of Ar and heat
the autoclave at the temperature of 300°C and pressure of 2 MPa for 3
hours. ITO nano-paticles was prepared. The shape. particle size and
crystallize condition of ITO nano-paticles were analyzed by XRD and TEW,
Compared this method with the past, the circumstance of preparation is

much softer. It has the very important meaning in the industry field.
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Low temperature; Indium-Tin-Oxide; Autoclave; Preparation
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Fig. 1-8 Transmittance of amorphous and polycrystalline ITO films
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Fig. 1-9 Transmittance and reflecance of ITO glass

2. AHEHaktBH ERRG R
E1-104 4 T S X F Ha AR r B E. REFEEAR, SHITOREZEN

21



W, -

E1-10 S R RN E
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J&3% 10°Pa 1750 | 703 | 1750 703 Ambient
MR e 28 25 12 5 80

TR I 1 48 Z 00T PR R O 2 o 0 R I A T o R IR ©n, K
119 48 R ORI AR B

vl 1
A 21
A [81’]., 14
a{éﬁ] 1 (2-2)
ar |, v

F 2. RIBAKMBKEEIEAEE. [EFHEHEREK IR F A
MABEE, ARTLUFELEEBREEE L, ROESREMA, Ky
MAMBER. BIETHRXKMN, FREKMEREE T RTINS .
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Table2 The compressibility of water in the region of interest lor hydrothermal
reactions
‘/ET 300 400 300 25
JE3% 10°Pa | 1750 1750 703 | Ambient
EHFEH 0. 068 0.16 0.16 0. 045
3 ARREHFTE IR . FRARRRARIT AR

Table3 The coefficient of thermal cxpansion of water in the region of interest

for hydrothermal reactions

wBEC 350 450 25
JE5% 10°Pa 1750 1750 Ambient
P EEE 107deg” | 1.2 1.9 0.25
§2.3.2. KR RNF ¥
ML MFBAL KR, KRS T REERERFELT I DR,

1. BBRMTEAMA B, UBRTF. 2 TRMEH AN

2. HFHRRDFFIE 78 300 AR DL BRI A K R 2 [ ik 2,
XEEF, S THEETREmERLKER.

3. BT ATERETREE KR L. 50005 B

4. R BRLE R L 2 ), ‘

5. &

S’ BBENE, DB 2 RMIEME, L3 4. 5 KHERNE.

KRAEHETERPBERTRET Y, RENESRERSEKE4ETH
K, RS ARTEAR R A A FATARFINLG MG S XS BG L S I il A 4G
INE TR, 1994 (EAPAE LR B 1R I S FRCAL S T4k “ A
BRI, Rk T Sk KR KRB SC AR R . AR ETE B
RYCHTE LRSnEIn B, BRI o0 i 8T I 2 )R 2k R,
FERAE —E LA REA BT, A REETT RIS SK
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AUEE: HAE—EN, RNEEBE, SiEdKEgl mHrRRET,
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(c)

Fig2-3 Relationship between

(a) the logarithm of growth rate and the reciprocal of reaction temperature;

( b) the temperature of dilference A7 and growth rate;

{c )the paraméter fill and the growth rate for hydrothermal synthesis of quartz
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K BEHE B RAEWEME S IO 4F FAT . BRI immm Itk
RAGR AR, R T ) PO RO £ R, FRTE R KM RREA A
2 RV R R T TR A TG FE S T R A UL BT kN o R A e
W, ED BRSO AR ATI Ta) p TE R RO TTER
J = Bexp(- 64,/ KT) (2-3)

Heh, - op BRI RAFT TR WIRTAES . X TFIRBAR, B IAF SErie
BT BEE LG, L 15 AT R SR L B P BEMOR TR R g
BICHCE B S BORR I WEHPEICE T 2 TR T A RN, S
W SHERNTIES, WHEMRELEN, JFRTTRBZR 2. B LR
ROV RN R AZ B SR T8 (1 il BERR 2 a4k B A
FAfE ki T RE UL

B =4zRn*vacxp{~ E/KT) _2n
~ﬂ*,&%%ﬁ%ﬁ¥ﬁ,n%ﬁﬂ¢ﬁﬁmﬁﬁya%%ﬁﬁ?ﬁ%?ﬂﬁ
L, O MIEA T IRESIR . L LIRS AT, TR A S B A R Y
SAEF, IR AR AT Tl P, AR R B ORI, SRk
PR, AT I Bk Y RIS ) EL Ko

§2.3.3 KMEMRA

RIS T AR TRA:

1. 7KHR PR 2 MR R B Ao R AR, R M A B SR
BRI b A R R A

42



N BT d
MASTER'S THESIS

24 KA AT AR BAR IR, R o7 {8 50 B A7 vk ok AR A9
W0 TARAEL S5 b s«
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R B R 4, SKILILA Ty kA AZRAS () ST S Lo A 2 R

4y FRIR R R TR AR RS SR -H 00 B AR, BRIk
#RAHEARI L KER.

(B JF BT AR RS A K R A P RIS & SR K i ) — ML
WiE: S@YREEM—BEREL; 4RYFESREERE: HRER
EREA LB RWENE: PRFDEISRRERES SR

§2.4 KW ERERES

tHF A BRIE T LU IR AR . A & REAL, XA R A
T ORGSR GO R R R & R T — R AL TR ™ KR4I
WHERIRORTER, FURBERRR IR, X SR rigsitmiX
KR, NuEWE TLPHELTLRMMRE. :

IKBE AR R T AGE— R R A R S 4. TR TR B
ALK SRR R HRNERE IS EABI. 55, KRERBRAE
SBR, HEHEM AR R RRBE R, X BERE KRS R,
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§ 3.1 A AREHE 110
EHTH, DN ETELMESE (IT0) HLFEIR k. KEEBNHEK
Mkl bt k.

§3.1.1. XREMRMLRE

1. LHRER-

RBH (99.99%), HEULHI (NaOl) . WKTHRR (HNG.). PUSIL#H (SnCL.),
WEBE (HCD). Kk (N % (A 4ED; MK (8%D. PH R,
AgNO, 9. &R

I g

BT, k. BEE (BB SMpa). B (BEN 4000). BF (&
R0k 400ml. 200ml. 100ml. 50m1). B (B35 100m1). Pmyks. &
JES8 (100-220V). M. :

§3.1.2. TRUR

2R K SRR S E 1TO MR FAEME 3-1 Fir.

BUFE ZIEER 20001 B4 — R, HK BB IMERIL AR 1:3 BREK
YAV 80ml. ER 40ml K, FREL 16¢ BB TREMF, REFHEL 4 0K
48 (SnCL) IBMETE AL EAREHEP, &M In0,: Sn0, ERLLN 9:1,
BRBHAE SR, RE, EANBEOFRNIA NaOH FEFHR, FREK
M, ERRAASE L ENAELBMEEWRY ITH (Indium Tin
Hydroxide). fiitstefE, FAKMATLRBAMBAEIK, HEIMA AN E
BRRAECU. SEGAEADETHESN. 7 1 5WPa WES, REHRE
EEE T4 EmiB. SR 10 M FTERERMNEEANTER. 48E ER
Z 300°CH, EERETESHEEERESRNMEENBEFEAE., T
RETHERR 8 A8f. M ARANTEE, FTITHESIHAER FLRS
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. LiddBERAERLERNUT:

InCly+ O —— In(0, 4 + CF 3-1
SnCl, + OF —— Sn(0W),4 + C1° (3-2)
In (OH) ;— In0; + HO (3-3)
Sn (OH) x — Sn0, + H,0 (3-1)
In0, + Sn0,——s 170 (3-5)

El 3-2 AN B B E.

Rd]
(& W [hagus
(B8] [mxits]
s (s

. PR e Bk
. [EAaE
EarzERn— |tk |

B 3-1 KA1 ITO B sSEIQ T kel
Fig 3-1 The flow chart of ITO nano-powders prepared by hydrothermal methed
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Fig. 3-2 The experiment device for preparation of ITO nano-powders

§3.1.3. TREWAIT ,.
et iEeh, BEAFRIEHT R, R . RSk REAR g
3-1. SMAAT) 300°CE, WWALSRBHERE, &5 LI ABAREE
2] 160V B, BEASH L.
#3-1, TRAM. KR

Table 3~1 The experiment’s data of temperature and pressure

mt 8 # () JE 3% (MPa)
8: 30 16 1.5
8: 40 48 1.6
8: 50 86 1.7
9. DO ' 119 1.9
L 9: 10 173 2.2 J
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9; 20 211 9.4
9: 30 964 9.7
9: 10 300 3.0

% SR AT N O FL (0, IR P BT R B G ITORy, [ 1TO
YR — RO (0, JF LLIZAEN TRD DRI K Ch249k Q) , i KT
FEEZER, 800°C FRERI T TOR AT (2R 24Ty o I~ 258K
A 5 10m oK ZEEa G, RIS b 10~ 16min, TSR
A A AL B A A (1 1) R T 0 BTE AR I 4 ST BRI |, AR5 (1B R
ST Gl U R KPS RENTSY RN b AT S | N (e R F T T

Fig. 3-3 TFM image of ITD nano-powders

ME 3-3 BILLE B, HIBREEA IR, SR/ A 30~40nm. B B
PE LA X SHEEATHE AT, 3L XRD BITE! 3-4 Jiras. N T LR, # At A Bl
P S SR BATE 100°CF UL 2 AN, ARSI X SFERATSS, HOXRD BN
3-5 . LAk 3-4 il 3-5, MHTEBMIZETLLE N, HRERRIIRIT,

- s

EREHSREAERT 170, WIXBEAELHH, HIASGCREE 1T0 B A H

EAATHY, AFTEE, R S 4 A A BV BRI R B R K
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Fig. 3-4 The XRD patterns of ITO nano-powders
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Fig. 3-5 The XRD patterns of ITH
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§3.2.1. LRI

ETERI TSR AR, —A ol HULd M a5t
HMFUUE, EETFRESRRRN, HRHMREAR, BIRKERESR. RENR
FA2 0 3-6 Fiin.

(&R |
:
e AAGLL
A A H(1:3)
'
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}
| e——| BRI
|
198, geR]e— s
:
EXd
i o
[EEEEERN] «— [E ap B
L BE. Bmx
IO KTRRL

B 3-6  {EEREIE 17O 4Kk B St R Ak 1
Fig 3-6 The flow chart of 1T0 nano-powders prepared by improved hydrothermal methoad
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BN, A8 0. 8MPa TR Co LIRS T SRR S T T CAT I B Mk
FE_EFEE] 260°C, FESRA 1. SMPa. (LR 5 P I IR S Hs s B AR Ay IMPa,
CGREEIIE R 300°C, AR LR KR A REE M EN. ATRE, &R
FERRANGED 1. 5MPa, AR KRR B, Bz 4 I

§3.2.2. sSLRETAIH

e (3-3)  (3-4) W4y, BUERGITO, fgeoe i Ak s mirp, <9
%ﬁw#ﬂﬁ$mﬁﬁm&mﬁmmﬁo&m%ﬂﬂ¢,ﬁ%&%,%%%m
TR, R B K A T AT A, B T R A A . T
2 Eom A B0 1. SMPalk), SFI T HCRIT, AT T PRAC T IMPa. M TR TR
B RAR R KIS, XA T Ak, R, BRI a7
76, AT SIS 1, T LR RE A R BN AT o

X — i R A I SR K. BRI B T M (R ITOR)
S RN JLANKE, RERGITON. HBEH T BB %R
BOIESHAISEH, LRI I 3-T R . ‘

50 nm

&[3-7 TTOM A MBI A
Fig. 3-7 TEM image of ITO nano—powders
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FINaOH A IR BITIE AU 18 BPFIRL XD R0 B . — A NaOH il 4 i ke
C HEMARES P, AEPREDE N B A RI8, LRI, SatB&54A

K FENY . RIS HFERUKIES- 101K, #RIMEE YRR R B,
BN ANaOHEGHS I, B HPHELA RN A AT, S5 SISk e, HEIPIE 5 7%
1A RIPHIE —KE, BI85 05 3K 0 R TR SR A o 43 TG 2K AN A ] B4 6T B B e
LRFIESRe . BRSNS B I 4 B B 3-8, 3-9rR., B 3-84 Kk
A B B A3 B TTOR D A e e e, [13-9 2/ s i B 4 BT S 93 5 T TOM 1147 #18
| A, eI g R T AT R BN ITO K NI AFE, X R
AH TTORE A /) 55 Ly SK PR AT K FR . FBEI3- O KT 1 600°C TR a4l M 1T0
BMARRERAE™, WEE-7T5E3-10, WL HHLE W ARSI E S
6004 MBRAR Ko MR 14, SR DLIE R YR IE, B AR e KRR N
20nm, B DIRIAELY N 10nm,
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BI3-8 AT G BT S VU TOR) A () 48 et

Fig. 3-8 TEM image of ITQ preparcd form large precursor nano-powilers
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Fig.3-9 TEM image of 170 nrepared form little precurser nano—powders
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Fig.3-10 TEM image of ITC nano-powders sintered at 600°C
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0 SR T8 BB R — i DA L0, 88 PRSI AT MO0 3 6 SR BLIL M K
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. ITO
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Fig.3-11 The XRD patterns of ITO nano-powders
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Fig. 3-12 The XRD patterns of In:0; and Sn0: nano—particles
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Fig. 3-13 The XRD patterns of In.0; nano-particles
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InCly + 3NH, « H,0—> In(OH). 4 + 3NHCL (3-6)

SnClLy + 4NH, » H0——— Sn (0l .4 + 4NH,CI 31

§3.2.3 M . '

EMSITEBT T NSRS A 7E R TR BT & A kAR Gk, i
BEIY R IRRE SRR EOTRGS B K. B3-14, 3-15, 3-16505]
AEFALE. AEHY. WHE W ZERSH (0SC) B, B4,
SEBEO0T~100THT — WA, g I8 < 8 B 7 OB A0 g T2 ol T S 7 0
200°C ~280°C g ZUE AL 43 F 16) B /K TR TG JE AR 1) EE 3 AR B R IR e . LA AL,
BIEIC~210C 2 e], F— LB Tma i, 41 2 05 I 2K 0 43— ] IR 7K 1
AT AR HE, FE400°C~470°C 2 I6) FIBCRE, JH — R4 M R R TEIK
s, MEEFAYHRESTAT, EHEELYAE00 TE -RRX
KEHB(NES-17), R LTCHE (E3-18) AR, X—KIAREMNBEX
A4 BB, MI0C~100CH EEH R LR KHBTEL 100°C ~280°C
FE LS TFRIBLKY B, 7£330°C~380°C 2 [6) 4 i EE lB S L i R BB
B, S B DSC i LR IR A1330°C~380°C 2 [l (i, I ER
B ERSNEBE =SS P, WSS R ARIDSCR 4 B 2k
5 5 3t I 4R 4680 S S AL A M 2 R A K A 4 < fd TG K TR AT T B IR A, TR
400°C ~500°C 2 A1k Z I ZSUL B BERIE I IR

§3.2.4. LHENX
A RAERBERE TTO YRR R INERE_ E B S ke, FEFGUTF
NAEX:
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Fig. 3-14 DSC curve of indium hydroxide
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Fig 3-15 DSC curve of tin hydroxide
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Fig. 3-16 DSC curve of indium tin

hydroxide
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Fig. 3-18 D1G curve of indium tin hydroxide
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