5 54 %55 3 YR B N - Vol. 54, No.3

I

2026 % 3 A JOURNAL OF THE CHINESE CERAMIC SOCIETY March, 2026

http://jecsoc.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250200

%453 363508 I Os B F ZEHEAA 1Y AN S5 KA 5 Pk g

F & ZFM ERX B B RPE RES
CHERRFbL TR R S PPRIRL S 5 TR, 178 Bk 541004)

W OE:. ALK R EIEEREHS AT R, AT/ERE —MFH ZrOo2. CeOsn TaxOs f TiOr Z41
SEBATTE, H% Inn0s ZMEMMAZCTO), HBF R B4R E R [ X ¥ 250 SPERE IR . 558388, 1ZCTO 44
IR — L BRERRT TnoOs AHEEH, B 4/ NSUE R SR S ST TC B 0 A B Rt IR T s AR IR I TR 2, S
S FLE B B0 R, BUs vt B B TE U HAE 1550 CHEEE 6h G, SEM B L5 S R REIA B0 S AK 7, O X 35 ¥ ik 99.35%,
HIER(LT 1.181x102 Q-cm. K, ATAE & K # 4% H 1IZCTO ¥UAt v R Ik SR BTS2 TCO IR (LT 78 3L Rt o

SR WTNUM BUTRR. JBAG RUCH, el R R
RESHEES: TQI74  XEHIRERS: A CEHS: 0454-5648(2026)03-1063-09 F—.ta'._-.:f_:-_y-'lrf

" z
L0 L T

P4 H R AT IE) : 2026-02-10

OXBH A it LS R PR 5 AT RE AR 35 MFIRERC L S R AR A, AT SFECR
TEROO A FREEVR PR A TR I BRI ), Oy FHAERIMMIEA R TR f0 X —HATE, R
SARFAFAA FILFERERI AT TEMRZ R 4 SRR 5 B R A R TR R R P I
REFIBEIARH, BRI ES(SH) RBHAE iR L B & 3RO FIREXT S Rt psgma, i SE Pl F e 1Y)
WA RCR A IR e, RO RO, dE IR B A ot R RS BT PR
WA EE W, EEMEREIREN TR PR E R 4R w2 R e ik, B St
AEZEMRBY, SHI PR OEWEMEH TEH  AWEREPE A K 0 F SnO: B R & A
S A (TCOYE A N AR R, MR R AARRRER FIRE, RN ST 20, dd pids
mER G R SRR, TERTE A IR ARSI SnO, BT S%A 3%I1i%E B HLAK
B RS SCRAE RIS, BEAREN], AT TCO  (TO)MMR, HiTHFE AT E 50 em®/(V-s)LL EPL,
MR TR S mib ke 2R 2 EMAHXK S8, BMERK SnO, & &, 1TO HALITE 214
P, AZS OO SHY RIRE DB HE  AEE, X SHI KFHEE R ST BAZ . N5
BRCRI R AR E 2 —W, SR, BUEREIE  BX PR, PR ERR T 2B A4, W CeOs
WHARGIZAERN SnO, BTN 10% (FIESE)  TaxOs. HfO2. TiO2v ZrOzv MoOs Fll WO3 Z510-14),
(1) In03 % TCO i EAFE B BB RIR, HEUR T PLHE R InoO3 %5 TCO W RT 5. filan, KAk
TR RALLERFTE 30 cd®/(V-s) i 4G, X —HAIEI™  pp E M RS BRI 41 Tio, BAEN 2%
L) T X SHI K FH g F it ) v Re SR B In, O3 i fiR, 7F 450 CHHRIEE R AKIERE N 200 nm,

FSIH SHI K BHAE B th Y6 AL B R 28 E AT SEEL 108 em®/(V-s)I i A8 R US), fEAR It i
PeFt, REETE T SRUIN AN BERBHGTE A R MEDL T, 38 S TR s S e R AE BB A — 584k
o BRI, @K TCO MM FIRER  EERZMEE R LH &4 KR E L) 240 nm /) InoOs:H
BESCE AP E SRR, HE W, HEBREEIL 130 em/(V-s)UY. TR RIREE

WA E . 2025-03-24. BT HI: 2025-05-23, Received date: 2025-03-24.  Revised date: 2025-05-23.
FEWH: ERERPERE S KA R BB A4 (U21A2065); FEx First author: LI Ting (1998-), female, Master candidate.

E AR 42(62464004); | TERHEE KL T(AA21077018). E-mail: 13574425295@163.com
B T OEA998—), L, WiLwiRA. Correspondent author: XU Jiwen (1978-), male, Ph.D., Researcher.

WEEE: VFRSC1978—), %, Mt Wi, E-mail: csuxjw@126.com



« 1064 - CREBR R 24410

J Chin Ceram Soc, 2026, 54(3): 1063-1071

2026 4F

N 500 CHF, Bk OGRS £ 1 MoOs 5 4%
TN 2% Ina03 IR BLH 95 cm?/(V-s) ¥ =L #%
U 3@ i ik i O DR AE 600 “C 1A 95 36 iR
EHE T GdaOs B2 InaOs I, TR mEA
128 cm®/(V-s)U81, BLA Sl Mk g 10 2ok B e 80 5
TRV (RPD)ECAR & 1] CeO2 B¢ In0; #
JE, FEFEIEE LN 30 nm KB AR EN 3%, TR
FIEFIB LR 153.7 cm®/(V-s)1). FEAH FEI#EAT ik
SR, RPD #ill45) TCO I HT R @ Ltk
T B S5 161) % (RO ot B o, ARLER A PEAl P AL 75 5K
Tl DR S H AR SRS T 2 e v L KR R B 17
PAK S AP R AR 3, 152 2400 K BH A
F b 1) 3 AT 8 DA B AIEIE TCO TR 7 &

i InpO3 FEREM 55 BE A, 75 S 2% I 2
W5 5 R SR TR, HEIT S B R T A Ay
A, X A& TCERFA ) TCO T AEAL) il EE KPRk
IEFR R HOR BRETE T A 1% & 95% L |, (H
re R AT 2 S B AR AR e, AT R e o
F) i o S R BRI FE R B SR 10% SnO, 15
¢ InpOs FEREM BE ol SO A HME R, Jd i G 1 b 45
B YRR AR A A SRR L,
PRI SEHL T BEM e B . BEE InpOs FEEEA
BRAE EEG, Hpes 8Us b E B n. R
B R R R SRS MPa)ke sl T2 Al (g gk B
IR, AB7E i s RIS AR 2 axka i, A
I, AT ORBHBE I R R In0s LM H B
Fe T B ERAK, Hope sl B o F2 AR A

TEKPHRE HLh N A A, BT TCO IR TE A AT
IRz T2, S A ik Sva B8
120 SEEOHE AR, SR S SRE A IR HARAE 70 °C
ZAF FUIR Zre. Ti 1 Ga B4 82N 1%[1 Inp0;
JE, AR S 94 em®(V-s)EIR TiT B %,
i ELE 1500~2580 nm £L 4% B & B R 2T+ T
18% %1, pbAl, Z A 7, W Bi,0sy V20ss
TiO2. ZnO. BiO3-NbyOs 1 BiO3—CeO,, CHIF
SERTAE N S e s B, 7R A % B 1) [R] i
35 25 AL R BE A3 SRR S 1 =
2 J CeO, Al TiO, X} InpOs [ BIRIEH , A TAEIEF
ZrOs. CeOs. TayOs Al TiO, 1EH Ina0s FEEH )45
TR e 4 B o

i [} ZrOa+ CeOa- Taz0s Fl TiO 524 Mt In205
FLEF(1ZCTO ¥EH), W FCAS A8 45 i RIS ) 5%
R 1ZCTO SEM (AR ZERE . OS5 R 2% BEANHLRH
R, AR TAEB K41 1ZCTO M AT AR50 5T

VIREIL 2R TCO IR AL 7T LAl
T

1.1 #HmblE

K R4 (99.99%, 55 73 A0 In03+ CeOas
Tax0s- ZrOs Al TiO GKMRAE Ny 5kt Forr, ZrO,.
CeOz+ Tay0s Ml TiO; 4B A& 737N 0.3% (&7
) 0.3%. 0.3%A1 0.1%. PLICIK ZEE N HH)
FALESER G YR R R & LA 3:1, W R E TAT
A AXEREHLH L 360 r/min (5 HEEREE 6h, BREE S
R E T HER T, 76 80 'C T8 24 h, BHEJEKT
f JE Ry A ad sk 150 H 0 It 5 o ek 7 s ok A R b
N 5% ZIGETE(PVAKE TR, @il 80 H M
GRS RL . X RORY R ] AR R B E LN 58%
AR, HEARN 13 mm. EEZRN 1.5 mm. #
ERE T S ie 600 CHUE 3 h, BEEE TR
Jrrp, ARSI RN S Limin S AR P RS,
BREEIRFE 4> 1400, 1450, 1500, 1550 °C Al
1600 'C, {RIEHFAIN 4 h F1 6 h, K5l & IS dr
%K 1ZCTO b o
1.2 HmRIE

Fi D8 ADVANCE %Y X 52 My RATHHX b 77
YIIIRRZE R, MRS 20°~80°, DK 0.01°
3 RS T B8t FEI Tecnai-450 W& 500
gimATT RS, MRS AE: R Skv. TAEHEE
8 mm, FFH Nano Measure #A-Ft it H-F 3 Sk R
o BT R A R PO SE PR, R SR
FE 717 g/em® LLEAS HABXT 2 FE . ) MCP-T700 %Y
VU s BRAET OO S A LR 2, 3% PSP 4Rk .
F DIL-402 2 #4Ji iKAXCRE 7 S A4 e 235 I Wi 4 A 2502
i, MEASKAE: R RE 0.688 mm. A&
80mL/min. ZFiRE 30 C.

2 GRE®

K 1 A 1ZCTO M5 1% SnO, 54/ Iny0;
(ITO)EEM IR W it A . I 1 AL, 2 F¥EsS
TERes 2R M BUE I v 0o 3 M B, 1E
1070 ‘C LU RIS, #EAF JLF A 4s, X BBt T6
SRR, RAgTRALE WL sl 1B ik
FEEIE 1070 CJa, $EMFGA B4, HA 2R
W52 19 1ZCTO BEM W BE N B &5 24 Bk 2]
1324 ‘CLA BB, 2 FhEEM I H LRI R . 2R
1M, 7E 1500 ‘CH, IZCTO UM IS 4e 215 F 10.7%,
1M ITO #EAF I 4E R AN 5.06%, B0AIE T % Ak



254 55 3 Z

13 55 2D ILB A InnOs H i BEAEH Y BIETH S ik Re + 1065 -

I B 2% B e 45 BRI (K RE T, 3R B 1ZCTO 4
MEEMSAERIRBEAE IR T Se B e B 1k

Shrinkage/%
&

: .
—10t 1 —10.70%
— - 99%In,0,+0.3%Ce0,+0.3%Ta,05+0.3%2r0,+0.1%Ti0, + Il 1
——99%In,0,+1%Sn0, ) '

0 200 400 600 800 1000 1200 1400 1600
Temperature/ C

1 1ZCTO #8415 1TO $EM e ab e i 72

Fig. 1 Sintering shrinkage of the IZCTO target and the ITO
target
1600 'C
NN DR N
l l l 1550 'C
A A A A A A e
.é\. A I A A l A l -y 150? C
2 C
= 1450 “
= R TN
1400 'C
. L .
In,0,:06-0416
1 In|||||l ' T R R NTE T 1111
20 30 40 50 60 70 80
20/(°)
(a)4h

Bl 2 N 1ZCTO $EMTEARFIRE N hessif K9 4h
I 6h B XRD #%. B 2 nTLAE H, TEARFIRRY
R, 1ZCTO M IS S InpOs FrifE-R v AH
ULEC, UESE 1 2 M 28 BB AT 98 9 32 T7 %k
R S5 RB3, BFIN I ZrOs. CeOa- TaxOs Al TiO,
5 InpOs KA RMNIE R E A, F3 In0; RS
BOR AR, AT S0 A) v A BETT IR A% o

Bl 3 N 1ZCTO ¥EMIEARFIRE N ek Ky 4h
MRS . BIE 3 L, BEERes R T
w1, 1ZCTO #EM I diir RT BB R, A4 G kb
B, [ILZEROEEH K.

K] 4 H1ZCTO #EMAEA FIRE T sy 4h
W TR T 3. F IR 4 AT O, SO PR EL
EIE, HWMPT ARG ST RRE. 46
Bl 3 5& 4 43047, 1F 1400 CHELERT, BT ki K
ANFR Ay, B2 RN T 1 35 ) W8 3/ B R A S AL

l I l 1600 'C
A A A A A A e A
l I l 1550 C
AL A A A A A e A
AR I DU TR o
§ 1450 'C
=]
- I DRI
1400 C
. NN NN VO -
1n,0,:06-0416
1 |lllllll RN FE T AR
20 30 40 50 60 70 80
20/°)
(b)6h

K2 1ZCTO HEMEAN A e i B AN I ) XRD 1%
Fig.2 XRD patterns of the IZCTO targets sintered at different temperatures and times

(a) 1400 °C

(d) 1550 C

(b) 1450 C

10 um

(¢) 1500 °C

10 um

(e) 1600 C

3 1ZCTO FEMAEA FIREE TR 4 h I 2R T MO0 T 35
Fig. 3 Surface morphologies of the IZCTO targets sintered at different temperatures for 4 h
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Fig. 4 Cross-sectional morphologies of the IZCTO targets sintered at different temperatures for 4 h
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Fig. 7 Cross-sectional morphologies of the IZCTO targets sintered at different temperatures for 6 h
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Microstructure and Electrical Properties of Multicomponent Doped In,O3-Based
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(School of Materials Science and Engineering, Guilin University of Electronic Technology, Guilin 541004, Guangxi, China)

Extended Abstract

Introduction Silicon heterojunction (SHJ) solar cells have a high conversion efficiency, which drives the development of the
photovoltaic industry. The transparent conductive oxide (TCO) films with a high electron mobility are needed to improve the
conversion efficiency of SHJ solar cells. The mobility of the conventional 10% (in mass) SnO2 doped In20s3 films is 30 cm?/(V-s),
which cannot meet the demand of high mobility. Some reports indicate that the Ce, Ti, Zr, W, Hf, Mo, and Ta dopants with a low
doping content can improve the mobility. A high density ceramic target is a key material for depositing TCO films. However, a low
doping content is unconducive to sintering densification of ceramic target. Therefore, multiple oxide dopants with harmless sintering
additive are used to enhance sintering densification and decrease resistivity. In this paper, an In2Os-based ceramic target doped with
Zr0a, CeOa, Ta20s, and TiO2 was designed, and CeO2 and TiO2 were acted as sintering additives. In addition, the phase structure,
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microstructure, density, and resistivity of targets sintered at different sintering temperatures and times were also investigated.

Methods High purity (99.99%) In203, CeO2, Ta20s, ZrOz, and TiO2 nanopowders were used as raw materials. The doping contents
of CeO2, Ta20s, ZrOz2, and TiO2 powders were 0.3%, 0.3%, 0.3% and 0.1%, respectively. Anhydrous ethanol was used as a dispersant,
and the weight ratio of zirconia balls to powders was 3:1. The slurry was ground in a planetary ball mill at 360 r/min for 6 h, and then
dried at 80 C for 24 h. The dried powders were added with polyvinyl alcohol (PVA) at 5% aqueous solution, and then granulated
through an 80-mesh sieve. The granulated powders were pressed into green bodies with a relative density of approximately 58%, a
diameter of 13 mm, and a thickness of 1.5 mm. The green bodies were dewaxed at 600 “C for 3 h and then sintered in an oxygen
atmosphere at a flow rate of 5 L/min. The targets were sintered at 1400, 1450, 1500, 1500 C and 1600 °C for 4 h and 6 h, respectively.

The phase structure was analyzed by X-ray diffraction (XRD). The microstructure and elemental distribution were characterized
by field-emission scanning electron microscopy (FE-SEM). The grain size and distribution were analyzed and statistically calculated
from FE-SEM images using a software named Nano measure. The density was determined based on the Archimedes principle. The
resistivity was evaluated using a four-point probe. The sintering densification behavior during the heating process was investigated by
a dilatometric analyzer.

Results and discussion The densification and shrinkage of target during heating process can be divided into three stages. The target
exhibits a rapid shrinkage after 1324 °C, and its shrinkage rate at 1500 “C is 10.7%. This confirms the sintering additive function of
dopants. The XRD patterns show the formation of a cubic bixbyite phase, indicating that Ce*", Zr**, Ta>* and Ti*" are dissolved in the
lattice of In2Os. The grains are densely packed together, and the grain size gradually increases with increasing sintering temperature
and holding time. All the targets show a dense internal microstructure and transgranular fracture behavior. The average grain size of
targets sintered for 4 h increases from 1.44 um at 1400 C to 5.31 um at 1600 ‘C. A more substantial increase also occurs from 1.95 um
at 1400 C to 10.41 um at 1600 C in the targets sintered for 6 h. Elements Ce, Ta, Zr and Ti exhibit a uniform distribution in In203
matrix, which helps to suppress an abnormal discharge during magnetron sputtering.

The density of targets sintered for 6 h is higher than that of targets sintered for 4 h. The density firstly increases and then
decreases as the sintering temperature increases from 1400 ‘C to 1600 C. The optimal density of targets sintered for 4h and 6 h is
99.05% and 99.39%, respectively. The resistivity of targets sharply decreases when the sintering temperature increases from 1400 ‘C
to 1500 C, and then slightly increases with further increasing sintering temperature to 1600 ‘C. The optimal resistivity of targets
sintered at 1500 ‘C for 4h and 6h is 1.214x103Q-cm and 1.181x1073 Q-cm, respectively. The resistivity increase of target sintered at
1600 “C is due to the volatilization of In2O3 and density decrease of target at a high sintering temperature.

Conclusions This work investigated the effects of sintering temperature and time on the microstructure and properties of
In20s-based targets doped with CeOa, Ta20s, ZrO2, and TiOz. The results showed that all the targets have single cubic bixbyite phase,
dense microstructure. The transgranular fracture characteristics and uniform grains with sizes of <10 um could be obtained. The doped
multiple oxides exhibited a sintering additive function, promoting sintering densification. The sintering densification process could be
accelerated after 1324 “C. Raising sintering temperature and prolonging holding time could effectively improve the density and reduce
the resistivity. The target sintered at 1550 ‘C for 6 h had a relative density of over 99% and a resistivity of less than 1.181x107> Q-cm.
Therefore, multiple oxides doped In203-based targets with a low doping content could achieve high density and conductivity.
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