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Preparation of ITO Targets with Different Sn Contents and Characteristics of Second Phase

YANG Shuo, SHI Linpu, XIE Bin, ZHAO Yanfei, ZHOU Haitao
(Luoyang Ship Material Research Institue, Luoyang 471023, Henan, China)

Abstract: An ITO green body was prepared via molding-assisted cold isostatic pressing with gasified In,O; and SnO, powder
(n(Iny03)/n(Sn0,)=9:1). The ITO targets with different Sn contents were sintered in oxygen atmosphere at 1550 °C. The target
samples were ground and then corrosion products were extracted after sieving and being corroded. The microstructure, phase
composition, density and resistivity of the target surface and corrosion products at different Sn contents were analyzed. The results
show that the corrosion product is the second phase-InsSn;O;, of the ITO target. The grain size of the ITO target decreases with the
increase of SnO, content, and the second phase of the grain boundary gradually increases and stabilizes at below 3 um. The size of
small particles in the ITO target increases with the increase of SnO, content and is stable below 100 nm. The second phase of the
target has a trace amount of oxygen loss at the loss rate of 1.1%. The actual and theoretical densities of the target increase with the
increase of SnO, content. The measured density increases from 7.110 to 7.145 g/cm3 and the resistivity of the target increases from
1.3x107* to 1.9x107* Q-cm with the increase of SnO, content.
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Fig. 1 TEM images of gasified In,O3and SnO, powder
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Table 1 Performance characteristics of the green powder

Ingredient ~ Morphology — w/% Size range/nm BET/(m*g ")
In, O3 Polyhedron 99.995 30~80 15.21
SnO, Near spherical  99.995 70~105 9.80

w—Mass fraction.

x2 LREAMES

Table 2 Experimental formula and number  w/%

Sample No. SnO, In,04
A 4 96
B 6 94
C 8 92
D 10 90
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Fig. 3 SEM images of ITO target intra-granular samples
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(b) Sample B
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(d) Sample D
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SEM images and electron diffraction pattern of

corrosion product of ITO target’s powder samples
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Table 3  Corrosion product remainder, increment of
oxygen content and actual oxygen content
Oxygen
Oxygen ve Oxygen
. . content of
Sample Corroded Residue w(residue)/ content of d increment
second-
No. mass/g  mass/g % main phase . of second-
. phase in
in theory /g phase/%
theory/g
A 14.9270 0.0730  0.49 2.6017 0.0141 1.10
B 13.8750 1.1250  7.50 24191 0.2168 1.13
C 13.5270 14730  9.82 2.3572 0.2838 1.08
D 13.0753 1.9247 12.83 22794 03710 1.12

23 A [FE Sn EEHMHEZEE

MK, FEA A~FESD D 1SZBR 2 FER IR 535
9 7.1104 7.115. 7.142 F17.145 g/em’ . AT WL, $E4F
(Fy SN FEBE Sn 25 B (3 g i, RN B 2a~
Kl 2d IFER LT SEM [ Ha] WL, S8R P
WOMET L, Ui B SRR AR =y, AN AT 20 4 FhAS [+
LU 51 LA (100 A 6 25 5 30 28 A N AE 99.5% LA [, IXFE
AR Sn 5 B R SEAT (1 EE 8 25 5 359 19 I vy 1 AH N 1)
S . B SnO, BRI, BIM SN B
B, WMOLEES IR SnO, S E I S,
]I TTO $EA4 55 AR S 25 8 A 7.31~7.33 g/eny’,
BT 10% SnO, Fr &1 ITO 404435 5 (7.15 glem’),
HCREM BV 5 BB 2 AR LRI T Enfi e, 52
RO ) £ 18—
24 A[E Sn EEHEER

P A~FF 5 D T3 F BEL R (B S A ] e o
FEPEL R T 5 A 3 ) K A B 1.30x107F
1.40x107%, 1.48x107* A1 1.94x107* Q-cm. $TFf 1R H
BHZBH Sn 5 5 84 N $E o ITO & n BT
e, FERER PRI SE, LSRR A
5 5 B AR A i, B T B R JEOR A B 7
WAL E, 245 E THENZBRALE . th S LA
M, A5 A EH SRR R T IR,
WIS R (R L BH R, T SnO, 9855 —AH LE
ek, T 5 FE BE 2R PR A, X T B RO B
H B RAR Y, R EAE A 1 AR

FOM A B Bl 2 W R A T IR B,
TSR 1) S i E e, AR 43RBT R, Iny Sn
PI+3. +4 b d, EIREHEE T, #4 Inv Sn &
RN, w2 e e FEE LIRSS
Mo, MBIk EE, RN R
HI—NER

FUM 1 SnO, Lol 45 HIE & iE Ve, Ho =
— N 10% 254710, A AR AL B RN 10% 40 44



2 48 5 6 W

¥ i 2. ANJA] Sn AL HEE REAL IO A M H SR T AL « 869 -

I, AR i 3 RRLE R I TR Bl e . H 10%
SO NI, S P R e R R RT BE 2 W S i 25
MR SRR NI, RN I 4 PR 4 I Y
oI, BT RE S D RRIC, XA RN
BEA L PEL R 5 7 AT ) i AT

3 £

1) LLSAE InyO5 Fil SnO, K3 A JEURE, 3143 5 LA
4% 6% 8%F1 10%MIA [ LLBEIA I SnO, HIFE,
I DA e 5l B A S5 i R R RV 4% ITO #EAF IR
A, 281550 CHAHUREHIfF AR Sn & 51 3
B ITO #U44 .

2) Bl HIARTE Sn & S IHLARRE, ZRRE
JE ki, EAK I TR, 48 PR R ik
FEY, TR A R OSSR
RN 7B SRR AR o W R a7 b B R |
InySn301o, 1M F Al AR B 58 Vi

3) AF Sn SR, HERGTEE SnO,
MBI, SRR ER AR, SR
TSR R IR R AE 3 um LA B /N
B RSB SnO, & 2 (3 N34 K, F-A2 2 7E 100 nm
LR

4) AN[F) Sn FRLMEEAL, TLEE T AHIY H B
KA, HREERLAE 1.1%LE 4

5) ANFl Sn S EIEIA, JLSpRE RIS
FEXIBE SnO, 7 & (3 4 =, FBAR B SnO, 75
LR iR =T

SR

[1] MEIF S, YUAN T C, LI R D, et al. Micro-structure of ITO ceramics
sintered at different temperatures and its effect on the properties of
deposited ITO films[J]. J Eur Ceram Soc, 2018, 38(2): 521-533.

[2] STEFAN S, CHRISTOS G A. Pressure slip casting of coarse grain

B3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

(1]

[12

[13]

[14]

[15]

[16]

oxide ceramics[J]. Ceram Int, 2012, 38(1): 417-422.

MEDVEDOVSKI E, SZEPESI C, LIPPENS P. Rotatable magnetrons
employ cylindrical sputter targets[J]. Ceram Eng Sci Proc, 2010, 30:
93-96.

KIM B C, LEE J H, KIM J J, et al. Rrapid rate sintering of
nanocrystalline indium tin oxide ceramics: Particle size effect[J]. Mater
Lett, 2002, 52: 114-119.

KIM I, HYUN C, RYONG C. Crystallization and electrical properties
of ITO: Ce thin films for rat panel display applications[J]. Thin Solid
Films, 2009, 517(14): 4061-4064.

S5, WA, AR, S R T2 ITO #ilsOG i rEfE
USR], TR 2R, 2016, 44(7): 987-994.

PENG S, JIANG J W, LI G, et al. J Chin Ceram Soc, 2016, 44(7):
987-994.

NAKASHIMA K, KUMAHARA Y. Effect oftin oxide dispersion on
nodule formation in ITO sputtering[J]. Vacuum, 2002(66): 221-226.
CHO S H, KANG Y M, LEE J R, et al. Effects of Ca doping on nodule
formation of on ITO target during DC magnetron sputtering[J]. J
Korean Phys Soc, 2009, 54(3): 1315-1319.

TAKAHISA O, MASAO K, HIDEYA O, et al. Characterization of
indium-tin oxide sputtering targets showing various densities of nodule
formation[J]. Thin Solid Films, 2006, 1(2): 22-28.

KIM S M, SEO K H, LEE J H, et al. Preparation and sintering of
nanocrystalline ITO powders with different SnO, content[J]. J Eur
Ceram Soc, 2006, 26(1): 73-80.
TEMURA M, TAKEUCHI T.
manufacturing method[P]. JP Patent, 107253855A.2017-10-17.
R, AR, &K, 5. Iny0s-10Sn0, M % IndSny01 55
Sn 7 HARFHILD]. R R S22, 2016, 47(5): 1494-1499.
HOUJF,ZHOUK C, LI Z Y, et al. J Univ Sci CSU (in Chinese), 2016,
47(5): 1494-1499.

ENOKI H, ECHIGOYA J, SUTO H. The intermediate compound in the
In,03-Sn0O, system[J]. J Mater Sci Mater El, 1991, 26(15): 4110-4115.
NADAUD N, LEQUEUX N, NANOT M. Structural studies of
tin-doped indium oxide (ITO) and InsSn;Oi,[J]. J Solid State Chem,
1998, 135:140-148.

OMATA T, KITA M, OKADA H, et al. Characterization of indium-tin
oxide sputtering targets showing various densities of nodule
formation[J]. Thin Solid Films, 2006, 503: 22-28.

NAM J G, CHOI H, KIM S H, et al. Synthesis and sintering properties
of nanosized In,05-10%Sn0, powders[J]. Scripta Mater. 2001, 44:
2047-2050.

ITO sputtering target and its



