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Table 1  Fitted parameters of Ba3d chemical states 

Ba3d 

Ba3d

5/2

  Ba3d

3/2

 

Fitted parameter 

1 2  1 2 

Position 778.6 780.0  794.1 795.5 

HWFM 2.02 2.03  2.03 2.04 

Undoping 

Intensity 0.34 0.26  0.25 0.15 

Position 778.6 780.1  793.8 795.1 

HWFM 2.03 2.02  2.03 2.03 

Ce doping 

Intensity 0.45 0.13  0.30 0.12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  �� BSTMNTU�� ¡�¢ XPS£¤¥¦ 

Fig.1  Fitted XPS peaks of (a) Ba3d, (b) Sr3d, (c) Ti2p, and (d) O1s on different BST surfaces 
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Sr3dK�5G1 1b+2;�1 1aZ[�7õ Sr3d
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5/2
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3/2

8�!�98qÂ":;8�PQ 1.8 eV;7õ Sr3d

3/2
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�@2A8;7 2 õ@1A8C�[@¼G��¶cD

ËE¼½Ó7 2õ@2A8C�[�¼G��¶c�D

ËE¼½;�[@¼G��@1A8�I�J 1.45 eV�

@2A8�I�J 1.47 eVÓ�[�¼G��@1A8�

I�J 1.46 eV�@2A8�I�J 1.48 eV;�Y�L

M¶ Sr3d8I�JM�W�NO;4LM,�2õ@1A

8J��[ 133.25� 135.05 eV�2õ@2AJ��[

133.95� 135.75 eVÓLMì�2õ@1AJ��[ 133.10

� 134.90 eV�2õ@2AJ��[ 133.85� 135.65 eV;
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�§VW�Ce LM�°�DËE¼½W}� Ba

*�aX 163� �°�DËE¼½W}� Sr *�

aX 63�c Ce LMd�®[�DËE¼½� Ba *
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,�2õ@1A8J��[ 458.6� 464.55 eV�I�J

J�" 1.51� 1.95 eV� 2õ@2A8J��[ 457.7

� 463.65 eV�I�JJ�" 1.75� 1.95 eV�2õ@1A

8�@2A8CPQ 5.95 eV�°�DËE¼½W}�

Ti*�" 22%;CeLMì�2õ@1A8J��[ 458.4

� 464.4 eV�2õ@2A8J��[ 457.5� 463.5 eV�
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	�\! O

2-

�X� Ti
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4+

�Y��X;�

\�°û9T»�*�C���DËE¼½�� Ti

*�aX��� Ce LM}²�t����LM}ì

�t���FG1N�LMot��¦l�DËE¼

½�� Ti*�o�aX; 

O1s�K�5G1 1d+2;7õ O1s8C�°=

G">�?�@1A8�¶cDËE¼½��~�B�

?�@2A8¶c{|5~��>�?�@3A8¶c

Ti

x

O

y

(1�x�2, 1�y�3)��~�ì 28¶c�~��

"�DËE¼½��~

[3, 9]

;��LM���@2A8�

@3A8J�][ 530.90� 532.30 eV�@1A8�@2A

8�I�JC" 1.8 eV�@3A8�I�JC" 1.82 eV;

�LM,�@1A8][ 529.65 eV�LMì@1A8]

[ 529.75 eV;y1 1d�����LMì{|~8c

@3A8�U����ab�Üe+�LM BST ��

���dÚ�b�¼½dÚlm���e��\�d

����1 2�1 3�;eH8�U��6�4LM,

°�DËE¼½W}� O*�t 51%�LMìaXï

33%;�#�y BST��V»!J�K�5�6��

�V»¼½yDËE¼½��DËE¼½�!�LM

aX2H�p}�DËE¼½���Y�i aX2

�DËE¼½��Y���XÚ2DËE¼½��Y;

"2���DËE¼½�!�� »¶ 2 Q���\

�i�78; 

1 2" BST ��'(	)\�;y1 2a+2�V

»ã��»\��6�4LM BST ��V»�W��

op(G@1A)�����T^� ¡¢£¤Ó�W�

�¤¥(G@2A)ã&¥Ó¼½¥¦��ùú(G@3A)

�¼G¨;opã¼G¨VW���z§cd�%»c

d��¤¥�&¥e+�y���� ¡����J�

+l;op?¤¥?&¥D¬¨ÚU2V»¶©ú��

ª«¬¡�{|ã��¦l�DËE¼½XÚ;y1

2b�6�CeLMBST��V»]^lmnopnx®�

�r�ª«2�LM BST���û¯¼½¬¨; 

1 3 � CeLM BST���*�d�&)\�ã

+?���P�°�;CeLM� BST��\���O

P;e1 3±
\�q�°W�²³ï���V»lm�

y���b����!(3a);e1 3b �6������

´µ} 60 nm¶·���V»¸¹�ë R

a

�ï 1.5 nm�

���@¨ë P-V�ï 15 nm;�Y�CeLM BST��

�V»��]^�º�1 3a ºú¸¹�"qR

a

" 3 nm

¶·��Ta¸¹� R

MS

" 4 nm¶·�P-V" 30 nm¶

·; 
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� 2  �� BSTMN<ef�g¨© 

Fig.2  SEM images for (a) undoped and (b) Ce-doped BST film 
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� 3  CeDE BSTMN<h�i_jgª«�¬®�<¯�°± 

Fig. 3  AFM morphology (a) and correlation parameter (b) of Ce-doped BST film 
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� 4  CeDE BSTMN�s-�tuP 

Fig.4  V-C curves of Ce-doped BST film 
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1) 4LM� BST ��V»¸¹�opW��¤

¥§÷�CeLM� BST��]^lmnop; 

2) 2Q BST���V»yDËE¼½��DËE

¼½�!�CeLM��aX2�DËE¼½; 

3) �DËE¼½���V»{|� H/C «¬¡

�©úã��op?¤¥?&¥D¬¨����; 

4) CeLM BST����	��
���f��

LM 1 mol%Ce � BST ��} 40 V ×Ô� 100 kHz

Ð� ��	���" 60.8%�Ö×Ô ��	AB

" 0.0265�ØÔU���f�; 
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Surface Structures of Ce-Doped Ba

0.6

Sr

0.4

TiO

3

 Films by X-Ray  

Photoelectron Spectroscopy 

 

Liao Jiaxuan, Pan Xiaofeng, Wang Hongquan, Zhang Jia, Fu Xiangjun, Tian Zhong 

(University of Electronic Science and Technology of China, Chengdu 610054, China) 

 

Abstract: Cerium (Ce)-doped barium strontium titanate (Ba

0.6

Sr

0.4

TiO

3

, BST) films and undoped BST films have been prepared by an 

improved Sol-gel method. The surface structures have been studied by X-ray photoelectron spectroscopy (XPS). The result reveals that the 

surface structures are composed of perovskited structure and non-perovskited structure, and the Ce doping significantly reduces the 

non-perovskited structure. It is by scanning electron microscope and atomic force microscope shown that the Ce-doped BST films are 

smooth and compact without crack or shrinkage cavity, which are associated with the formation of the non-perovskited structure. The 

voltage-capacitance curves demonstrate that the Ce-doped BST films have significant improvement in dielectric properties with a tunability 

of more than 60.8% at 40 voltage, and a dielectric loss (tanδ) of 0.0265 at zero bias. The improved mechanism of Ce doping is discussed.  

Key words: cerium doping; barium strontium titanate film; perovskited structure; dielectric properties 
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