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Table 1   Deposition parameters for the MF reactive mag- 

netron sputtering of Al

2

O

3

:CeCl

3

 thin films 

Target material 

Composite target 

(purity: 99.99%) 

Target size/mm 270¬70¬5 

Working gas Ar (purity: 99.999%) 

Reactive gas O

2

 (purity: 99.999%) 

Ar flow/mL·min

-1

 70 

O

2

 flow/mL·min

-1

 28 

Substrate material Glass 

Base pressure/Pa <3¬10

-3

 

Total sputter gas pressure/Pa 2.0¬10

-1

 

Power/W 600 

Target to substrate distance/mm 70 

Working temperature Room temperature 

Sputtering time/min 90 
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©�ª�¢¡½��¸���"�ø���. 2 �3

4 AOC8~AOC12 �ø��"(8;¨	=©�ª¡
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Table 2  The samples deposited at different conditions and 

stoichiometry of the films as measured by EDS 

Deposition conditions  Chemical composition/at% 

Samples 

T

s

/ Area percent/%  O Al Ce Cl 

AOC1 RT 0.575  63.21 36.32 0.15 0.33 

AOC2 RT 1.15  62.06 36.47 0.42 1.05 

AOC3 RT 2.21  61.34 36.31 0.79 1.56 

AOC4 RT 3.45  60.43 35.65 1.08 2.84 

AOC5 RT 6.9  59.66 35.73 1.38 3.22 

AOC6 RT 11.5  56.13 34.11 2.64 7.12 

AOC8 100 6.9  68.31 27.22 1. 34 3.12 

AOC9 150 6.9  64.36 31.12 1.57 2.96 

AOC10 200 6.9  62.62 32.77 1.69 2.92 

AOC11 250 6.9  60.85 34.68 1.64 2.84 

AOC12 300 6.9  61.17 34.58 1.56 2.69 

34 AOC5� AES�U= 1 {L0¯� Al = O
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Fig.1  Auger spectrum for sample AOC5 

 

OP�¢Ò²� Ce

3+

Ö ���	��+��U

= 2 {L0���F�]RK� 370 = 405 nm �   

�+�>0� �+�>hi�fq^( 2036 cm

-1

0

9+�Ê_¼`a�Ce

3+

b��*+��52ä>

��(���'�cd¡e�Z��4f

1

sZfg+

fg�Xú Ce

3+

�sZfgfg^� 2000 cm

-1

h 

i

[12]

0�����Ó¢4jkU= 2{L�ä>

�@l0 �+�>�fg^Æ Ce

3+

�sZfgfg

^EFmG0�\���,�+�(�'[ Ce

3+

Ö 

9

2

D

3/2

j+ZnfgsZfg

2

F

5/2

=

2

F

7/2

kj+�0

�Æ Falcony

[7]

= Martınez

[8]

 oZp�q�����

©�ªOP���	
��+�"�¡r�_`Ó+

é���sï+�>(ã �¡eeÚ&t�>�

D0t(��³´34�+�u°Õvw[7,8]xd�

oZq�p�����OP¡rÒ²©�ª���	


��+��2RK�yz(10 nm)0�2�f(��

�¢������{|��	�}½+�wY�~�

�¢0��ªÖ 5D-4Ffqlm��}?²Ñ��

~�EFRK�*BOP�ªÖ ��¢�}?²�

120     240    360    480    600 

Kinetic Energy/eV 

7

6

5

4

3

2

1

0

d
[
E
*
N
(
E
)
]
/
d
E
 

Al

2

O

3

:CeCl

3

 

Al 

Ce 

C 

O 



«702«                                           ¯0�8ij �/                                           � 38� 

 

spMN��+�����91}��y�

[13,14]

0

á\�¸��³´ Al

2

O

3

:CeCl

3


���*+��û�

Æ Keiko

[15]

� α-Al

2

O

3

���� Ce

3+

Ö HC� PL

�3¡r0�� Al

2

O

3

:CeCl

3


�(E�Z�+�>Õ

���4�Xúlm�fg�²Ó�ê��-Al

2

O

3

�

���4��

[16] 

 

 

 

 

 

 

 

 

 

 

 

® 2  �° CeOPILMqo��®Y 

Fig.2  The luminescence spectra as a function of wavelength 

for different Ce

3+

 concentration. 
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Fig.3  Excitation spectra for the two overlapping photolumine- 

scence emission peaks observed from the aluminum 

oxide films doped with CeCl
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Fig.4  Luminescence intensity as a function of amount of Ce 

in the Al
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 films by EDS 
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Fig.5  luminescence spectra for samples deposited at different 

substrate temperature 

 

������
�

1) oZ������ÀÁ����Ø�¢OP

ÕÂ� Al

2

O

3

:CeCl

3


�0��[ 300 :�"�ø�

�{2345(E�ûZ�0Ce�qs�¼<Õ[©

�ª=¨	�¡½¸�Õ�Xú{2��34��=

	�c ;ÚÕË� 3:20 

2) 
�� 320 nm1}�j+��2?��,�

+Ø0+�?²ÆªST�OPq2?������0


��+�?²¬� Ce STÒ²oùo��Ò

² 0.9at%µ�±º�H�� Ce STÒ²�où

®Ã0 

3) �,�(�[©�ª©Gï�� Ce

3+

9 5d

1

n

4f

1

kjlm0)ÄÅ9 5d

1

j+ZnsZfgfg

2

F

5/2

=

2

F

7/2

� �lm�Æ

2

D(5d)Ç

2

F

5/2

(4f)=

2

D(5d)

Ç

2

F

7/2

(4f)�0OP
��È�2\;Ïq�©ST�

�f(
�+���OPÒ²+yz�c�0 

 

5H��    References  

[1] Aguilar-Frutis M, Garcya M, Falcony C. Appl Phys Lett[J], 

1998, 72: 1700 

[2] Kolodzey J, Chowdhury E, Adam T et al. IEEE Trans Electron 

Devices[J], 2000, 47: 121 

[3] Tannas E L. Flat Panel Displays and CRT[M]. New York: Van 

Nostrand-Reinhold, 1985: 386 

[4] Martynez E, Garcya M, Ramos-Brito F et al. Phys Status 

Solidi b[J], 2000, 220: 677 

[5] Falcony C, Ortyz A, Domynguez J M et al. J Electrochem 

Soc[J], 1992, 139: 267 

[6] Esparza-Garcya A E, Garcya-Hipolito M, Aguilar-Frutis MA et 

al. J Electrochem Soc[J], 2003, 150: 53 

[7] Falcony C, Garcya M, Ortiz A et al. J Electrochem Soc[J], 

1994, 141: 2860 

[8] Martınez-Martınez R, Garcıa-Hipolito M, Ramos-Brito F. J 

Phys: Condens Matter[J], 2005, 17: 3647 

[9] Martinez-Martinez R, Rickards J, Garcia-Hipolito M et al. 

Nuclear Instruments and Methods in Physics Research Sec- 

tion B: Beam Interactions with Materials and Atoms[J], 2005, 

241: 450  

[10] Benalloul P and Benoit J. Luminescence—Phenomena, Mate- 

rials and Devices[M]. New York: Nova Science, 1991: 32 

[11] Taya B K, Zhaoa Z W et al. Materials Science and Engin- 

eering[J]. 2006, R52: 1 

[12] Sun Jiayue(·��), Du Haiyan(¸¹º), Hu Wenxiang(»

¼½ ). Solid Luminescent Materials(¾_qoij )[M]. 

Beijing: Chemical Industry Press, 2003: 97 

[13] Dongdong Jia. Journal of Luminescence[J], 2006, 117: 170 

[14] Dorenbos P. Phys Rev B[J], 2000, 62: 15 650 

[15] Keiko Aono, Hiroshi Taida, Keiichi Terashima et al. Nuclear 

Instruments and Methods in Physics Research B[J], 2001, 

175~177: 580 

[16] Nehru L C, Marimuthu K, Jayachandran M et al. J Phys D: 

Appl Phys[J], 2001, 34: 2599 

[17] Xu Guangqing(¿oÀ ), Zheng Zhixiang(ÁÂ½ ), Tang 

Wenming(Ã¼Ä) et al. Acta Optica Sinia(o��Å)[J], 

2006, 26: 707 

[18] Poort S H M, Blasse G. Journal of Luminescence[J], 1997, 

72~74: 247 

[19] Rakov N, Maciel G S. Chemical Physics Letters[J], 2004, 

400: 553  

 

 

350        400       450       500 

Wavelength/nm 

L
u
m
i
n
e
s
c
e
n
c
e
 
I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

AOC10 (200 ) 

AOC11 (250 ) 

AOC9 (150 ) 

AOC8 (100 ) 

RT 

AOC12 (300 ) 



«704«                                           ¯0�8ij �/                                           � 38� 

 

 

Photoluminescence of Al

2

O

3

:CeCl

3

 Films by Medium 

Frequency Reactive Magnetron Sputtering 

 

Liao Guojin

1

, Luo Hong

2

, Yan Shaofeng

1

,

 

Ba Dechun

3

, Wen Lishi

4

 

(1. Liaoning University of Technoligy, Jinzhou 121001, China) 

(2. Petro China Northeast Refining & Chemical Engineering Company Limited Jinzhou Design Institute, Jinzhou 121001, China) 

(3. Northeastern University, Shenyang 110004, China) 

(4. Institute of Metal Research, Chinese Academy of Science, Shenyang 110016, China) 

 

Abstract: Aluminum oxide films doped with Ce were prepared by the medium frequency reactive magnetron sputtering technique. Ce

3+

 

content, the composition and the crystalline structure of the films were characterized by EDS, XRD and AES. The results show that the 

photoluminescence emission of these films shows peaks at the range of 374~405 nm which are associated with 5d to 4f transitions of Ce. 

The relative intensities of these peaks are strongly dependent on the amount of Ce incorporated in the films, and the substrate temperature 

during deposition. It is proposed that the light emission observed is generated by the luminescent center associated with cerium chloride 

molecular rather than the doped cerium ions (Ce

3+

). With the increase of Ce concentration, the photoluminescence peaks shift to lower 

energy, it would be associated with the existence of element chrorine in the films. 
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