20214 3 /3 P B NSl A G == ) Mar. 2021
Ba2dk H2H Journal of Zhengzhou University ( Engineering Science) Vol. 42 No.2

NEHES1671-6833{2021)02-0087-06

ITO [ 8844 T 4t 3 72 oh B9 17 W 5%

Zoox, A, AEET, BOAT, ZOH, B

(LWL HA B IR HA B MHEREALRE, THE AH¥IL 7530005 28 K2
FIAE YRS A8 Dl B R WSS Be , T AR 450001 )

W OE:ITO MERMG LB AT EH b dedt o B 0 A A F B 6, S4B 09 RALE #ATEA
FREAEEEL, 44 RBA AR E e 1TO Sett B AT R0 A , A A 20 & F 2848 (SEM) X H 4
AAL(XRD) AR X H & B T REM(XPS) FH Ao ERHIBPHLEEITH, EREHN:
T A AT R ] 69 2E K A AR IRIR B 3 e Fe M R B T R I B T @ 2 Mk IR 38, S8 0k LAk Al AR 3R
DGR REER, &8 E 8B4 0F Sn 69 F 3 F 0 ITO 408 , & S Mk i 4 8 F Ak A4 ik &
MR ERBEBR, 9T Sn BT ERE REH BRI EF AL @R BAHYG O RTHHLAO BT, Ml
HHmA SR ENFET TR, In,0,/Sn(Sn BETFIn,0,) B AME SntrbmbeT LM TiNeEsgBRy
FRBH, FERAFAEMENEBERHIBR T HFRREHTFFLRLKE AL EREAERT
B BMAENBELABRAFEBOFALL, FREBRELEEFREZR K,

KR 1TO Jebt; mEdzmest; &8, BMALR; EBHAH

hE %2 TB383.2 XARERARRG : A doi;10. 13705/j.issn.1671-6833. 2021.02. 003

0 5]

i

;Ezr‘ Eﬁ TE'F EE, /%:i 'ch % ( transparent conducting
oxide, TCO) Wi I E £ 4732 B F K PH B o vt 711
ERCER R AT BB TCO WA A L
SRR BT ARETT H
WA H AR R wT g el IR R R E YL R T
RHBERY T AE = L 2 B S Y T e
B AR R, TR R 2 B AL
% (indium tin oxide,ITO) F&

ITO P R §E A4 78 7 42 W S i A2 b, BE A SR T
323 Av' % R I I TR Y 22 AR A T
KA Yy B 2 AL ITO B 3Rl 25 7 A=
WZ/NETE X B R o 1TO S84 1Y 754k
E271E 8

FEA S5 B AL ST BT I S R A, 9L
TR AR A T O o A S R L O AR
IR HLYg — P8 2% | I DA 2045 11 Bk 5, 75 BEAE A 55
TH 25 S M 30 7 R R AR e S A R L H
Hi X 45 98 8 WL B o R A 48— s iR, AL A

Y %% B #9:2020-07-05; 81T B #§ :2020-12-14

AU R TR [ B TTO W S B 4 T S
(R IE S A RGBT R In,0, SR8, S S
PP B R AP A In, O SR M B BRAR R0, (i 25
T — b R b M R T A A AL
T A2 5% A 59 et B T Ak 23T & g 1TO
T H/E B0 A 3 T 0 B A 45 5 Nakashima 250
KA In, 0, Fl Sn0, IR & ¥ A S & 1TO $E4F,
G T Sn0, 437 4R A5 o B bE 32 T 45 9B IV L < Y
S0, DA AR 0 5T R [ SnO, 7 1TO $E44 1 AR
PS5 AR BRI R . A SR LI 4 R
WA, (EL TR B B R L S5 R B 7 A TR R B T 1TO
Vg 325 B b F e S P R TR IR, o5 598 1 TR R L B
FRAT A EEE L,

X 1TO Fig s 04 % 15 W 56 A7 o W BF 5 2
AR PR O R WA B S RS R, X
SO R 5 3 A P SR TR A 20l R AL
O T W B W S AL R SR R A .
T, ASSCHR AL T A (6] I 5 Bk 60 U5 TTO Pl %5 0 4
F9 2 TR T A 200 b B TR 45 98 14 S T ) M L
I, T S R B LB

E&TE:ER A AP 2ES0H (52004253) 57 K A AP S BT B0 H (2020AAC03507)
BEEE PR (1985— ), 5 H M ROR A MR 230, 1+, 23 N A AL W B8 AF B BT 7T, E-mail: Jack113.

2g@ 163.com,



88 KON AR AR (TFERR)

i At

R HRRGE P ER A B8 A A PR Sl
B B2 P14 25 | 2 SO SO  H . 0 >5
sno.[fiEEE V90 10 R SIRNAr+ 0. HEHE
TENyes w B EURE 225 © BEBEIERIRT
0.4 Pa, REAJA T HITEE Y80 1, WRETET (A 5351
5.10.20 h-~TEIRS FFHAERTNTEZE KOS 2250
TS ERAER , LIS D SRR BT R 5200 M 435 o
Je& ot A 35 TR DX S A 5 A7

FIFHHEE T B EE T R EES RS
SO R I M 4588 I BSOS S5 5 0 , 55
15t H ARIEOL Y B AT HYIsmM7500F 7,
KFHAE T BHEE - SR RigaPu/X H]D/MAX-
RAZ S LR UTHH N T A S5 Jg Y ) AH 25 44 - FIT
TR TR S A [E] G S B A1) S A e 45
JEHYTT 2R A A S AL T 04T, (e FH & e
K H A 2N E AT HVESCALAB 21078 <4}
£ TRE IS — FIIFH H ARIEOL A 4L 1Y
TB28-X-500028 < B 2L AE & (i (5T T 4599
S H AL o o3 AT B, N T 45 &0t
ZEHYI AT

=24R150e

2. 1RSSR I T O M RER JUHEE

LA [FEIERE I 8] 5 SO ZEEEMRIFR
HFSRIE R - ERE LAl DUE H kS s ns o
Ve ZE #EAA 2R 1 H BB B AV ZI TR | BEE TS IS
[BIHYAEAS , ZI TR ERAEEHE TN+ AE IR S A o
SO ZFIM R ENES TS M B 1Y R
V), Bl ghyeg =+ £ yeg DXk o o =28B 57, — BAE A 1
PV BN R ZE A o L Bk, AR Z TR ER S B
] 57207 B 22 A Y 320 25 =+ S5 IR T2 BT 18] 52
K, s NS SR UL 2R IR AT, HEE I
ST, S5 YRR TG (A S Tk . P22 A1 0
A% e, H B AAE S5 R I i 4596 R
REEEY PN

()AL (b)5h (c)10h (d)20h

B R [ERgS e [E] S 1 T OFa ZE 804 IR A
Figure 1 Photographs of ITO ceramic targets after
different sputtericg time

2021

B 279 A [EEST ) [A] 5 SO ZE A I 2T
R HE 2A] DIE T sofgZE M ey ZIThER
TEH MRS mmZE 20 mmVERZ X,
AR ZN AR ELHEREA 815 mm AL =50
M ZEO A ST 5. 10.20 WG E KA RIS
BSR40, 4.1, 13.2. 20 mm, = FFANEETHT (]
AV 5 2R MR 6T = (HAESEAT ZI T BF AV 4 25 (B
AFrEe mmiA) | £2IEES 5. 10, 200 S 2 TS
Y SE{E S50, 098.0. 133.0. 202 mm, =F[H]
TRESE RS Zn R THUZE R AR BE ISR B[R] Y ZE
SRR [ IS R PR, HRRSET A
TR 10 25 R PR EA B = X T 45 R R B 28
HREG 510 FEMEMARAR , 45 & e A 2 MR L &P
5%, G RS B [B] 2 45 TR B & 1 26 - (R 21 TR

B2 RNENESTET A S 1T OF 2 #0A4 B 21 ThZE s
Figure 2 Etchicg depth of ITO ceramic target after
dcfrrrnlppulrreng lemr

2.2 I TORZEEAMRE SRR WSS

M & SO ZHEAM RS HUV D 2R g
BT XRD AT S5 A 3 Fow t S5 VI 43
Hr o HY BAIRYTT 71 20 1 TOYEEHE) I H A
AT S EHI TSR = AR LI TE+2) HYRHSE.
MBI 1 20501 20°Sn02 (InSn— ) 20)
AR EAETARL, AR SLES AR L BERL 205( 1TO)
DIAMCTE R *= T {rocPDsHE & H&H
1 2OfHEYNT A , T APRAE %A  EARIESC
Bk +15; ,In20 fHIE 2% y 33. 4°.39. 4: 61 67 1
INA R BEVE TR P 2ZX 50 208 (1TO)YFH AT 20
J 33. 1°.39. 8°.60. 67°.66. 6°KAIEHZ L FEE,
A TEERIE<RDH]HT1L - O R SFAE

Kt 5 SRR LT 2R, SR P < Ps Tt
SR T T ER BALFAN S A+ E ady 45 HY
xps it &, A LIF TS F S sn. 0. ¢
AT RAR, SRR T H 2 EUER LR
MEFZAH AL 45 Y 5. O AL EH IR



=5 201

IN203

>
A

20 30 40 50 60 70
20/ ¢

B S5 ErIXRD LA
Figure 3 XRD patterns of nodules
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Study on Nodulation Behavior of ITO Ceramic Target during Sputtering

LUO Wen', SUN Benshuang®, LIU Shuhan®, CHEN Jie’, MENG Jiang', LI Shurong'

(1.State Key Laboratory of Special Rare Metal Materials, Northwest Rare Metal Materials Research Institute, Shizuishan 753000,
China; 2.Henan Province Industrial Technology Rsesarch Institute of Resources and Materials, Zhengzhou University, Zhengzhou

450001, China)

Abstract; The application and properties of ITO ceramic target were seriously affected by its nodulation behav-
lor, it was extremely important to grasp the formation mechanism of nodulation. So the experimental study on
the ITO target was carried out by magnetron sputtering technology under different sputtering parameters. The
nodulation behavior of target was analyzed by scanning electron microscope (SEM) , X-ray diffraction ( XRD)
and X-ray photoelectron spectroscopy ( XPS). The results showed that the depth of etch ring increased with
increasing sputtering time, and then the nodules were formed on the target surface and spread to the etching
ring , which reduced the sputtering rate at the edge of etching ring. The nodules were mainly composed of non-
stoichiometric ITO, which lacked of O but rich in Sn, and was formed by reverse deposition at low sputtering
rate. The nodulation component deviated from its stoichiometric ratio, due to the sputtering difference of Sn
atoms in different regions and the O ions were easily formed on target surface. The formation of nodules in the
early stage of sputtering was mainly caused by the Sn-rich precipitated particles in In,0,/Sn crystals. And they
were easy to accumulate charges and induce arc discharge due to the poor electrical and thermal conductivity,
which made them break under the thermal stress. The scattered particles became the new induction points of
nodules, resulting in the rapid increase in the coverage of nodules.

Key words: ITO target; magnetron sputtering; nodulation; microstructure ; nodulation mechanism



