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ZnO HERH ] 45 SR P AE G0 00 A R 85, REBCFFRSE: Bk (ZnO 20 #ral 99.8%, LisCO3
STl 97%)— INESEREE (40h)— BEFIE K — BFEE — W%% (700°C 2h)— R EREE (30h)— #t
TR — BFEE — Bk (750°C 2h)— BFBE — 30 — Bks & FIFBE b — [ S 8 — Bed
— PEAE M.

ZnO i B £ /2 R B H 45 ULVAC 24 & 42 7= 9 MB02-9303/9304 5t 450 7 8 B0 5T =
i, WHTATEW REEZME L7107 Pa, FIIRE N E R, WHEHER Ar. 02 BREX
& Ar:05=20:3 (Ar 45 B 99.95%, Oy 44 BF 99.9%), W& & 2H 2 & 50W, T8 &F it it B A A5 45 78
0.2~0.8Pa, T JiE 3 F A4 443 Bl 2 B 5 Si(100) . Pt(111)/Ti/SiO4/Si(100) FIE B 1.0mm 555,
F P FEVTRLRT 4 B JCK 2B, TR A 25 B oK TR A VE Ve AL B, I S S T O TR O
#E 30min. ¢ % A PHL 5 G 4R A Automatic LCR Merer 4225 H 3f il 5813, < 45 #5468 43 A7
Kk YEE Bwde 24 4 =1 Bede D1 System £ H) B8 T AT 1Y, W ERE B 5 ok R~
43 B R Fl H A Seiko 24 7] 42 7= () SPA-300HV Z 3 # #R 41 W18 .

3 &RFTR

3.1 REBHELIT REXLR

IR A ZnO 3 Hrai e, [FEB R RW ER I LiaCOs, H Lit BRE/RE 7L
/AR HR: 0, 055, 1.10. 2.20. 3.30. 4.40< 55003 R T ERE, WFEEE R EE
0.4g BB, HERN lem MG IE R EALE 10MPa | B s/ METE B R ULy /N B
F Al O3 H17E 1120°C B SR 2h 5, FO@S P ERERE. SRS BN, X =T ake
K, 7E 1kHz 352~ A LB n 3k 1.

% 1 FE Li/Zn B/RILE ZnO [ E 4 S T 2 218
Table 1 Electrical data of ZnO ceramic targets doped with

different concentrations of LioCOs3

Li* /mol% Diam./cm Area/cm? Thickness/cm IR/MQ tgd/ %

0 0:966 0.7329 0.111 4.2 6.87
0.55 0.958 0:7208 0.106 6.6 3.78
1.1 0.964 0.7299 0.108 7.2 3.12
2.2 0.958 0.7208 0.112 16.6 1.66
3.3 0.962 0.7268 0.104 10.2 2.79
4.4 0.976 0.7482 0.098 6.6 2.76
5.5 0.966 0.7329 0.113 4.8 4.32

MR 1AE LA UEFIMEE Lit BRI A 5 bl IR A8 8, [R5 teo
B, 4Lt Baki N 2.2% BERE, BBl B RECE, FRSREERERREIRD, U
WA ARG 2 ZnO B LioCOs i 5N 2.2% FE/R L.

ZnO Ky n Bl ik, FF B R UE T HARTE A0 R I B S = AL 1), A0 A7 3 S e HLEE S0 T
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T, + 0% =7 +204+10, (1) T 10
O ZEALB MY n B2 G 44 181 L3
0F =V5+2e+50, (2) 0 161 7
% LR R E it B, mF S ) 6 2
BT (L) 42 0SASHE T (Zn2h) % B ] Lpe
B 0.TAAJE R HEIT, WOFE Lit B 24E 25 5 B 8 s
R Zn*t, BB R IE T A BRI E Bk 2: r2
AT 89 IR T AR TRy R, =485 05 05 15 25 35 45 55
TC R AERIEF AT Zo A O JTTR Z 6] Li‘/mol%

W, ORE TR AR R R /NE e g PR T B 1 AR LB TERE KA ZnO SF R G
Lit BB Zo*t J5 7] KAREAR ZnO K B HE IR &5 tgd HIZA

n RISk b, g il k, HE Fig. 1 IR and tgé curves of ZnO ceramic targets
ZR BB LisO Zn_O) 2Li/Zn + 2h40%, doped with different concentrations of LioCOg3

AL, Lit BARJE AT LA N A R BE, MR 2 RE (1) L (2) PUT R A m e TR
&, ISR R N, AomPign. w22 aHn Lit S0, HEERT & F 4w
Lit NS a R, BERBRNASZEME. SR L -t RERNRE, B LA
LR T R ESBAR LiT 805 2.2% BRI,
3.2 AEAIREREER

Be L iR B A 1 B A AL I OS8R, O TR SR MU BB A EMASTE . R AR
EIFRAZR, ERREETHE, BUKEARE S8 FERLHETZ, RIERM B AR S50
HEEA T ¥157, AR BR B A AR A SRR LR AR, ARG AR i 6 HE A1

LR B IR Lit2.2% BEREC LAY ZnO Mg BRE A /B FE A T B3R BE R B 25 2h, JBCRE AT
Ja o3 ARG BEN 7 57 Z — W7 RF- (FALLOA) BRELE B, [a] Bk ) o LA )R, e i 522k
G X ARG R 2 PR

M 2 ] L, 3 58 4 R B Y v L B B 5K 3 5 R X P B A R A R O, TR
SR JE N 1100°C A B fx RAE, AR5 & IR B w28 N SOT 46 T R, HJR N AT RER: B T ZnO 1E
1100~ 1200°C JT 4 i BEF Ak, ORISR 2 TREBE S Mk —2 TR mE,
1200°C, A ] BB i B ZnO By B /N3l 70 45 2, OH: BB 48 0k 55 AR AR AR W 4 RO B B T
.

InO TERAFEAE R BE N i st B S R A 3 P, ] LB bR 4 R B /Y b T H e
G HLBILIE I AR JE FE AR, 7E 1100°C H BEf K AH s (7] Bk 45 08 Bl ¥ 32 1 7 S Al AR
R R T R AR R o 248, 7 1150°C KB R/MEE, #—S3FERE, mE
1250°C X B AR, XA RER N M IEBRBEA R T, WKT 1100°C, ZnO A REE
B4, WOH 2 G FLAE X BUR AR s 524 38 BE o e i o 1200°C B (Zn 89 36 58
907°C, MIXTEAR), TREA M Zn H R FEAEBELN LR SR, 0 FXPrR:
InO=Zn+-Vy,, + 2h + 0o, ITI{E F K, LB, [FR5FE teo 1 PR
s 5356 ZnO @B EA R T RBRIE: Zof, Znj, Zny, OF, O, OF, VL, Vi, Vg, VS, Zng,
Zng, FERR AR T BN A SR H R T, XA SRR, B
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GRMHERWER—. 446 ERER AR TS E Zn0 B8 2.2% Lit M &80 R ERL
B FEAE 1100~ 1150°C 2 [].

20 8
6.03 o 2076 1
o 184 IR
< 5674 19.89 ] 6
£ — s 0 1]
; 5.60 19.71 §° o 141 2
5 > ] <20
= 556 L1e.49 S = 124 Hd S
£ — = @ 7 &
‘5 5.51 F17.92 £ ~ 10
2 ) tgd L
5.414 L17.22 3
850 900 950 1000 1050 1100 1150 1200 1250 1300 6] —— . — —+0
T/C 1000 1100 1200 1300
Bl 2 RIFE B H4 Zn0-Liy oo, HUHRE R 0 e
ﬁ%?ﬁﬁi&*ﬁﬁﬁifﬂqﬁﬁﬁﬁ IE 3 ZHO—Lizz% E*ﬁ#lﬁlﬁxlﬁl%%ﬁﬁ{
Fig. 2 Weight loss and shrinkage of ZnO- TR B A 4 2 L P

Lig 997 ceramic target at different sintering Fig. 3 IR and tgd curves of ZnO-Lij 59 ce-

temperatures ramic target sintered at different temperatures

3.3 NEIREESZERE

AT WA EE TR NRE TR, —REERIO R R AR LE,
Fy 85 552 BE AN S W e S ek g TR AR L S L T Y 4 BE ANIBCH B G S 3 S W 3 T S T
(o2t S5 e fl (5. TR, R M AT 25 92 BE R B 4 M A M I B AR OGS 2 —. WARIER
R fE R A o B b g S, Mk R AR W H 2 T L2

LW RMAFEAFRMREE S 5~20MPa P82 Lit 4 2.2% BE/R Y ZnO #LbH#
/MR Fr(0.4g), SRV TE 1120°C K245 2h, R4l BB A B, oAy E S E 2t ES
B, H BRI 2 PR,

K2 AREATHE ZnO-Li, 5o BMELEIE SH RN B RKIE
Table 2 Physics and electrical data of ZnO-Lis 5, ceramic target press-formed

at different pressure

Volume relative
Load-pressure/MPa - Weight-loss rate/% p/MQ-cm tgd /%
contractive rate/%

5 23.0599 62.0758 16.61 2.94
8 21.3317 58.9641 24.92 3.18
10 18.0893 55.9761 111.39 0.98
12 17.3562 56.8588 72.62 1.88
15 14.1928 57.2232 48.86 2.11
20 13.9825 57.80517 83.04 2.13

2 AT 0L, BEE R ST B R R B R — R T R R (WA AU R
15%~20%), 1iif JF B 452K F S0 2 TR G R AR 8 N, FE1K F1 0 10MPa B /s, 1 78 M B
W HEMLE p Ak, B ted /D, WA 4. 5 PR, HIEE AT RREERMES TRA, K
Vi i B W B BEAIR, AL, ECHRERAUR R, BEE e n, AL B A B
hn, SRR R R AW R E R/, SO S A B R A YRR R, KRR HA% R
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FLAz K HAHE—B2H A LS, SEANMoZIRGE, SREHM L, AR T & RG4S A
(i Fe Al T Bk G A 3 0 R S BOR PR RERY TR, BCBtResE k.

120
L6.2

100 1
. e - s
S 2 60 3
g leo & RS tgd B0 &
= 6o 50 2 < 2l - 2
X = D) <
ST 251G _53% AGIG  |5g £

) k3}
o] 2 2
158
L56
Do T T T— T T T Od———r T 7
4 6 B 10 12 14 16 18 0 2 4 & 8 10 12 14 16 18 2 22
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Bl 4 AEBEAEST ZnO-Liy o0 MR HAH) B 5 AFEMAEST ZnO-Liy oo F R EAFHY
ot 2% i PEL AR 5 B 91 0 2 il S LA RE 5 R 40 O R T 2%
Fig. 4 IR and weight loss curves of ZnO- Fig. 5 Dielectric loss and weight loss curves of
Liy 907 ceramic target at different forming Zn0O-Ligy 90 ceramic target at different form-
pressure ing pressures

3.4 ZnO# & RF J 43

ZnO-Liy g0, BEF /AR XRD S5 M P RE 70 A7 B3 0 18] 6 7R, WIOL ZnO 7% Lit M il
EIG ZnO NAELHY PDF R iy LW Z R4, AREBR LT &5, H (002) HEHR
1] F9 A Xt 55k BE B AR 3 R, T (LOL) ARty A X 56 BE By, X B R AR BB 2% Lit il & ZnO W%
(002) ¢ PEI e B B & —

(002)
’5: -

2] (100){(101) (103)

g -y

5 (102) (201)

10 20 30 40 50 60 70
20/(°)

6 7ZnO K% 4 XRD [ i ' e
[g. n I@%E*ﬁﬂﬁ EIEI ) [g 7 Zl’lO-levQ% I@%%ﬁﬁﬁ
Fig. 6 XRD. pattern of ZnO-Liy 99, ceramic

Fig. 7 Photo of ZnO-Liy 99, ceramic target
target

RF i 5 ZnO 8 5 S2 30 52 5% Fl P il 45 19 ZnO-Lig o0y W88, FEWLEE F- 1 7 FiR.
23 HIFE Si(100) | E@HLEE, 5 Pt(111)/Ti/Si02/Si(100) 2 i b, ZFiEN 25°C, KA AHIF
1 A AU B Ar:02=20:3, IRSF D& 50W 1 5544, J&ST 6h. SR 5K AE Si(100) Al gk 5
FeF B4 ZnO HEELE 450°C B K 10min (FF 845 S BAK), 7€ Pt(111)/Ti/Si04/Si(100)
# Bl & 1) ZnO HEEAE 600°C # HLE K 10min, H XRD | AFM 43 #7 Bl 3% 43 51 7% T 8 |
9.

ME 8 A ULFE Si(100) A SEHgHE Fr b #K G 45 T St i v B #R R H I 9 ZnO SHEE, (7] Hof 33
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ZnO R B kLA 1 8 BE AR, 7E 450°C 3B K 10min g AT ASE R AL, HUAE Si(100) 2 f1
E TS ZnO R EUE (002) U p A X o B 2B B R T 7E SR 2 i B IR 89 ZnO
fE. o AFM JE $15 S 45 43 A 3R B E Si(100) v B SY ZnO 1 B4 0 A 00 2200 T 1 5
W EIRSTHY ZoO R, HAORLR/D ST, BoE, RECFEDEAS B RMS 3.02nm /N F 5
BE  EUTRR ZnO i B A °F- 27 #URE BE RMS 5.73nm.

—-ZnO/Gl
(002) (a) - n ass
] (b)~—-Zn0/Si(100)
s
&
z
z |
5
g
20 30 40 50 60

20/(%)
K 8 ZEBHEE (a) F1 Si(100)(b) % F b RF &t ZnO #HAER) XRD « /AFM KE 1%
Fig. 8 XRD patterns and AFM photos of ZnO films deposited by FR.sputtering
on glass (a) and Si(100) (b) substrates

J35h, B 9 By XRD . AFM 734 3 &8 7R 78 P(111)/Ti/Si02/8i(100) % Jr | 35t b BB 5
RELEMIERE R A7, W E (002) HALHURAY ZnO WL, H RMS  2.63, @ 2 Ag AR
BHA GBI p Hy 4.12x10%Q-c, 7] I 2 PR 25 1 (SAW)_ iy 6 ok ).

] ZnO/PY(111)/Ti/SiO,/Si(100)
1 PY(111)
ER
27 (002)
=
E
[}
2
20 30 40 50 60
20/(%)

B9 7E Pt(111)/Ti/Si02/Si(100) 2 5 RF &5 ZnO KR XRD . AFM E
Fig. 9 XRD patterns and AFM photo of ZnO films deposited by FR sputtering on
Pt(111)/Ti/SiO2 /Si(100) substrate
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L BF5E T ZnO XISFEM R BB R A ] & T2, L8 T AR Lit EB R ZnO
YRR AN, LiT Z EBIREGH O EEM R ASE SRR, X RES
&t R 2.2%.

2. M BT ZnO Wi B RE AL Tl A5 1 A o 4 AL I T B die i B 50 45 R BE X LM B 5 45

VR, BE T ZnO-Lig oy M BRI M BRAETLZ.

3. R Briffl & Gy REAE, Ead RE SRS EOR, [AIRF4E & XRD & AFM 2047 J7 ¥, & Si(100)
BeE (B BT) M Pt(111)/Ti/Si02/Si(100) H Fr il & T B A R B c #h (002) B, ¥5, 2
. CFREFR ZnO WHE.
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Li-doped ZnO Ceramic Target Preparation and RF Magnetron
Sputtering ZnO Films

CHEN Zhu'2, ZHANG Shu-Ren?, DU Shan-Yi?, YANG. Cheng-Tao?, ZENG Ze-Yu?,
LI Bo?, SUN Ming-Xia?

(1. Department of Telecommunication Engineering, Chengdu University of Information Technology, Chengdu
610225, China; 2. School of Microelectronics and Solid State Electronics, University of Electronic Science
and Technology of China, Chengdu 610054, China; 3. Center for Composite Materials. Harbin Institute
of Technology, Harbin 150001, China)

Abstract:  We successfully prepared high quality Li-doped ZnO ceramic targets with 70mm
in diameter and 10~15mm in depth by solid-state reactions. The paper studied the influence of
different concentration of LioCOg3 on the electrical properties of ZnO ceramic target. By comparing
and analyzing the TR( insulative resistivity ) and tgd(dielectric loss), the optimum concentration
of LioCO3 doped in ZnO ceramic target was obtained(2.2%mol ratio). And the optimum process
for preparing ZnO-Liggo, ceramic target was also realized through the investigation of physics
and electrics of ZnO ceramic under the different sintering temperatures and molding pressure
treatments. By using Liggy,-doped ZnO ceramic as the target, the ZnO films with highly c-
axis (002) preferred orientation were grown by RF magnetron sputtering on Si(100), glass and
Pt(111)/Ti/SiO2/Si(100) substrates respectively.

Key words ceramic target; zinc oxide films; RF magnetron sputtering; preferred orientation



