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(1. vz�	}w����}w
�vz 610225; 2. y���x��y��~�y����vz 610054; 3. �{t}Æx�|�u�
����{t 150001)l g	 '3*z
/h�3`�a 70mm, D�a 10∼15mm �j1;G Li2CO2 o ZnOIZ�1�"�3-US�\�o Li+ ;G��1
Xo1}��}3�d Li+ ;G1a
2.2mol%, U R6L-Ue��z"��-UG��+"��}3 ZnO �1h�o�d!)�&43Eh�o ZnO-Li2.2% IZ�< RF(�dX�) `5L Si(100) �(- (I(b) �℄
Pt(111)/Ti/SiO2/Si(100) Tb�h�P�� c p (002) O5��o ZnO �P�m�Cz}? ρa 4.12×108Ω·cm, 
l3�"I*pn (SAW) o$3!|�' . �	IZ���G��P��dX�q��O5��qU#7)	N304, TB43 X\�L=	A

1 i

ZnO ,%n
8�|=/|K�p�kN37�n=w�t��{'-?:�k2~�℄��Qp�?�GM>frp�f��, 3.3eV, ,y�p��f�kN�Vs� ZnO�Qp�
s"\mMXMk|���|��/|��rL���L�s�J�n�k?<H��=i�Qop.V�#vQ�ep:,� [1∼4]. �G� c q��p ZnO �Q
8/9p�|���0�4:#J�+qom [5,6].Vsi� ZnO �Qp��8��n��>4�j ��
p��,r���n�%,(4$zB (�r) =�p$z�MX�m�7g>AS+N (�3) #J�$z=+N#J�z���ZvK�%+N#Jp�z$�+N'BYMU
#J��ASp+N,4r��BY�Qp�37�Fbr��3 [7]. 54�3r�BYp�QfG���=U3_ip�x�9��3pi�#*=Fi��p�H�W��{'��ZGu{,�V!#�eK�v2~Fi��Qp�Z�i4,*|��Q�3
}2xep4f_%�i,�3i�a6�SlF�ea�=K4p�3�4℄����g{?J[�3i�#*��
4.V Li+ <H`���3�Zp2~��~4�e Li+ 3s<H2^�3i�#*�V!%4Finp ZnO �3�54�eY�r�a6M.VpU
�i�4�� c q (002) ����F�fG��D|~� ρ b 4.12×108Ω·cm, �C|�#J+qo (SAW) "}p ZnO �Q�N%FD
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2 Jd

ZnO �3i�54UWp+{Æ0#*�ef<K,�̀ 7 (ZnO �mW 99.8%, Li2CO3�mW 97%)→ g�{R (40h)→ B��7 → �R → >� (700◦C 2h)→ 
℄{R (30h)→ B��7 → �R → >� (750◦C 2h)→ �R → 7Æ → gR?b�RN* → �,H� → �{
→ �Z80�

ZnO �Qi�,54�� ULVAC &;�=p MB02-9303/9304 �eY��Qr�oW�r�sstoWX�Oe 1.7×10−4Pa, Euf�b/f�r�rNb Ar � O2 O?rN Ar:O2=20:3 (Ar W� 99.95%, O2 W� 99.9%), r�%�b 50W, r�!BYr��LM
0.2∼0.8Pa,EuU
37�$,h� Si(100)�Pt(111)/Ti/SiO2/Si(100)=E� 1.0mm).�U
MBYs�$4k9'V�%T=�$z9�	��xnT%�℄'r�ss>r�� 30min. �D|~=A;8254 Automatic LCR Merer 4225 {�82&�{'�Z�m54.4 Bwde &;�=p Bede D1 System �%Z�y��&��Q#J�E=�*Mb�m54�� Seiko &;�=p SPA–300HV �
KHYu`��
3 1(*R<
3.1 r,�k Li+ B!Ke0�54 ZnO �mW�7�V!<H.V℄�`�p Li2CO3, n Li+ <HT	���2�$b� 0 � 0.55 � 1.10 � 2.20 � 3.30 � 4.40 � 5.50. Æ�7#*<K��RN*F�
0.4g �7�4a�b 1cm p.��N*O
M 10MPa r�H�A�
�tH�p�A
g: Al2O3 mM 1120◦C �fB� 2h F�KS70J[U��	O?|[��n�	|�Z80�M 1kHz e�rp808��# 1.� 1 �S Li/Zn �"�� ZnO P�
�fC ^A�;O5

Table 1 Electrical data of ZnO ceramic targets doped with

different concentrations of Li2CO3

Li+/mol% Diam./cm Area/cm2 Thickness/cm IR/MΩ tgδ/%

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^# 1 =Z 1 �(�m?x Li+ <H2pQgn�D|~ IR JDQg�V!A; tgδk��j Li+ <H2b 2.2% T	�!��D|~Qv�eb�V!A;#utm���(\�(�~ ZnO m<Hp Li2CO3 �e82b 2.2% T	��
ZnO b n ��kN�nk|!B:naMp�ip=��d [6], �mnk|W%�r�



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

4 l C t�q	 ZnO IZ�h�℄m�P RF q�!)�	 1013

Zn ℄$zPp�Hp n ��kN�
Znx

Zn+Ox
O

⇀↽Zn··

i +2e+ 1
2O2 (1)

O �d�Hp n ��kN�
Ox

O
⇀↽V··

O+2e+ 1
2O2 (2)�j#�543s Li+ <H!�7:�$z (Li+) �� 0.78Å=�$z (Zn2+) �� 0.74Å�>y��)M Li+ <H!�+�g Zn2+, -b<H�z8�g=G|��{�p�z�H�g'�zpw��j<H?=p|���9~: Zn = O ?=_i!�*zMbp{�e�o�~��4��

Li+ <H�g Zn2+ F�(ut ZnO J[�
n ��kNH~+�%�D|~Qe�n<H�gW%� Li2O ZnO

−−→
2Li′Zn + 2h+Ox

o,

Y 1 -U Li #y;G_�o ZnO �1�fo
IR ; tgδ �xY
Fig. 1 IR and tgδ curves of ZnO ceramic targets

doped with different concentrations of Li2CO3�l� Li+ <HF�(Qg��p℄���.�p��= (1) � (2) 0'mp{7|z�?�^�%k|�ru��D|~Qg��j7�pQg Li+ <H2�nPp:�|Tp
Li+ 9N%k|�Qe�ut�Qp�D|~��)%A�aM% �e<H2�S7�7#�NDQ4n�e<H Li+ 2b 2.2% T	��
3.2 �TG2V!Ke�{f�pÆP,i��3p,m�b4�H�3Qv�.X��3!��`28h�e�8v��"5�JD�f�x?!i�f=JDufT%#*��^�3\Np{'{v!N���F�V!�R0,=
8^9p_>�w�(Qn%|pr��3�#�t<H Li+2.2% T	`�p ZnO J[�3�A
M.Vpf�r�{ 2h, ��sF�$4��b_�_%|zOh (FA1104) Fno2�V!82n_>Mb�nk2A�={�NY2C��Z 2 F(�^Z 2 �l�?x�{f�p��nk2A��={�NY2C��V!Qe�M�{f�b 1100◦C dm�eb��F?xf�pQg9�&ru�n�-�Z,7: ZnO M
1100∼ 1200◦C �&Qv�H�)k2A�Ivru~+
��%/���{f����7
1200◦C, 8�ZQv ZnO p[�0�M��)nk2A�={�NY2C�9Qv��~+�

ZnO M.V�{f�rp�D|~=A;�Z 3 F(��l?x�{f�p��n�D|~sQg�Fut�M 1100◦C Qv�eb
V!A;?xf�p��s�>ut��F?f���nut>�xbJD�M 1150◦C dm��bF��%/��f���M
1250◦C 9Qv�2Qe�V�Z,-bMxt�{f�r��t: 1100◦C, ZnO 8
�Xv��)n�D|~{�xtvA;#e
ijf�7���7 1200◦C ! (Zn p�xb
907◦C, {�xt), �Z80� Zn M�kfMJ[�W=�x�p��d��r'F(�
ZnO⇀↽Zn+V ′′

Zn + 2h + 1
2O2, ^�%k|�Qe��D|~ut�V!A; tgδ #Qv`2Qg
:℄ ZnO �Nmp+8�zx�w� Znx

i , Zn·

i, Zn··

i , Ox
i , O·

i, O··

i , V x
Zn, V ·

Zn, V ··

Zn, V x
o , Zn·

o,

Zn··

o , M�f�Z�r#NHbkfRhfmp{7J<z�V#�Z,nk|�Qg��
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1014 j V 1 5 � � 21 ÆD|~utp�-_%�{?�7#�{5�(�~ ZnO <H 2.2% Li+ J[�p�e�{f�M 1100∼ 1150◦C _i�
Y 2 -Ue�q�z ZnO-Li2.2% �1�foj1��℄z�MX1B?
Fig. 2 Weight loss and shrinkage of ZnO-

Li2.2% ceramic target at different sintering

temperatures

Y 3 ZnO-Li2.2% �1�fL-U�ze�qo�:;�Cz}
Fig. 3 IR and tgδ curves of ZnO-Li2.2% ce-

ramic target sintered at different temperatures

3.3 �T�℄a:Keb4k��3+NmpW#J=r���%�"}r��3
8x�pG#���3pG#�.�2~r�!pBY>��r�*zpG�=�|v�s�I2~xr��Qp{'=�Z [7,8]. -\�L��3pG#�,�{�i��3pa6,m_%�b�^eMb�3M�{7Km�F2C�H��,,�>o"p#*68�#�54M.VH��,� 5∼20MPa ri�<H Li+ 2b 2.2% T	�p ZnO �3 g�A
 (0.4g), �FM 1120◦C �{ 2h, [��	O?|[��$82nl%=|��Z68�n828��# 2 F(�� 2 �S`9ZoÆ ZnO-Li2.2% P�
�Y8j ^A�;O5
Table 2 Physics and electrical data of ZnO-Li2.2% ceramic target press-formed

at different pressure

Volume relative
Load-pressure/MPa Weight loss rate/% ρ/MΩ·cm tgδ/%

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 �l�?xH��,pQeNY2C�%aIru~+ (S>�3p2C�b
15%∼20%), �k2A��s,ru�FKJDQg�M�,b 10MPa !����M\!p�D|~� ρ �e�A; tgδ ����Z 4 � 5 F(�n�-�Z,Mxt�,rH��n�iHpJ[G�t�r����)nk2A�e�?x�,pQg�H�G�#{0Qg�nk2A��rpute���\!i�pJ[�3�Z�e�nA;�tv�D|
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ij�%/QgH��,�NQvW0�9v���wQ��.(:�f�{!{pvH���wpQg#tkfn�Zpru�)A;Qe�
Y 4 -UG��+q ZnO-Li2.2% IZ�1o�Cz}?;j1��?�x
Fig. 4 IR and weight loss curves of ZnO-

Li2.2% ceramic target at different forming

pressure

Y 5 -UG��+q ZnO-Li2.2% IZ�1o}z�:;j1��?�x
Fig. 5 Dielectric loss and weight loss curves of

ZnO-Li2.2% ceramic target at different form-

ing pressures

3.4 ZnO
? RF 0IMe
ZnO-Li2.2% �3� p XRD {'�Z�mZk�Z 6 F(��l ZnO <H Li+ J[�Iv= ZnO =w�t�� PDF �
�x%fp��{'�
,<H Li+ F�n (002) ���p{�t�MuQe�� (101) �p{�t�k��V#,ÆP<H Li+ i� ZnO ��

(002) P6���Qp�-_%�

Y 6 ZnO IZ�1o XRD Yj
Fig. 6 XRD pattern of ZnO-Li2.2% ceramic

target

Y 7 ZnO-Li2.2% IZ�Tb
Fig. 7 Photo of ZnO-Li2.2% ceramic target

RF r� ZnO �Q#�,54Fi�p ZnO-Li2.2% J[��na-U
�Z 7 F(��$M Si(100) �iS).�= Pt(111)/Ti/SiO2/Si(100) U
��U
f�b 25◦C, 54{Vp��r��) Ar:O2=20:3, r�%�b 50W pQor�r� 6h. �FtM Si(100) =).U
�i�p ZnO �QM 450◦C >1\P 10min().
xxt), M Pt(111)/Ti/SiO2/Si(100)U
�i�p ZnO �QM 600◦C >1\P 10min, n XRD �AFM �mZk�$(:Z 8 �
9. ^Z 8 �lM Si(100) =).U
��Z(r�Q��P6��p ZnO �Q�V!:M
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ZnO �Qp�*�?f�xt�M 450◦C \P 10min ��(^H�H�
,M Si(100) U
�r�p ZnO �QnP6�� (002) �p{�t�"Mue:M).U
�r�p ZnO �Q�n AFM �E=`{'�m#MM Si(100) U
�r�p ZnO �Q{�y "6:M).U
�r�p ZnO �Q�n�*e��F�fG�#Jh�_7� RMS 3.02nm �:).U
�BY ZnO �Qph�_7� RMS 5.73nm.

Y 8 L(- (a) < Si(100)(b) Tb� RF q� ZnO �Po XRD � AFM Yj
Fig. 8 XRD patterns and AFM photos of ZnO films deposited by FR sputtering

on glass (a) and Si(100) (b) substrates:℄�Z 9 p XRD �AFM �mZku(M Pt(111)/Ti/SiO2/Si(100) U
�r�#Z(Qn{��Z/9��� (002) P6��p ZnO �Q�n RMS b 2.63, S7[ Ag �|[8nn�D|~� ρ b 4.12×108Ω·cm, �C|�#J+qo (SAW) p%4"} [9].

Y 9 L Pt(111)/Ti/SiO2/Si(100) Tb RF q� ZnO �Po XRD � AFM Yj
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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4 1<
1. �
4 ZnO V"a<�N37J[�pi�#*�#�4.V Li+ ℄�<H� ZnO�3�Zp2~� Li+ 3s<HZ(0�L�37p�D|~=utA;�n#��e<H2b 2.2%.

2. �m�x4 ZnO J[�3i�7KmpH��,^�Fp�{f��n�Z={'p2~��~4 ZnO-Li2.2% J[�3i�p�e#*�
3. 54Fi�p�3�S7 RFr�a6�V!{? XRD^ AFM�m���M Si(100)�). (J)
) = Pt(111)/Ti/SiO2/Si(100) U
�i�4
8�� c q (002) ����F�fG�h\�9p ZnO �Q��6W[
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Li-doped ZnO Ceramic Target Preparation and RF Magnetron

Sputtering ZnO Films

CHEN Zhu1,2, ZHANG Shu-Ren2, DU Shan-Yi3, YANG Cheng-Tao2, ZENG Ze-Yu2,

LI Bo2, SUN Ming-Xia2

(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 Li2CO3 on the electrical properties of ZnO ceramic target. By comparing

and analyzing the IR( insulative resistivity ) and tgδ(dielectric loss), the optimum concentration

of Li2CO3 doped in ZnO ceramic target was obtained(2.2%mol ratio). And the optimum process

for preparing ZnO-Li22% 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 Li22%-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


