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BST Patterned Films Prepared by Direct Patterning Process

and Their Properties

ZHANG Wei-Hua, YUAN Yuan, SHI Chun-Mei, ZHAO Gao-Yang

(The Faculty of Material Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: The ultraviolet light photosensitive Ba0.8Sr0.2TiO3 (BST) sol and gel films were prepared

by using chemical modification and modified sol-gel process with polyvinylpyrrolidone (PVP) as crack-

suppressing agent, and acetylacetone (AcAcH) as chemical modifier agent which can associate metal-salt

to form coordination chelate. The BST patterned gel films were prepared by direct patterning process.

Then the BST patterned films with perovskite structure on Pt/TiO2/SiO2/Si substrate were obtained

after subsequent heat treatment. The thickness of the BST patterned film is about 793nm, the dielectric

constant and dielectric loss of the BST patterned film are about 600 and 0.03, respectively.
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1 �}=`?# ((Ba,Sr)TiO3, BST) �l8L#o
|CX)�̀ T��a�
|
Es�U|T1��Co
|-~;G"D|;ri;�:�gljp|ae^Q��"D|M}f=��
�X+�rp|gK�y!�K�f#gl��o�ÆV�6p|�l8L [1−3]. BST �l8Lt Si �hm�y+	Iop|�y�%AL!� BST �loz8UB
6xlT�W [4]. n�p|�lz8Us

C:lC;o9�UB.<G<1V.<���e�p�5wop|�l�+5wp<;4w�
3.<��r℄/O({2g�r℄^m��;�oz8�
[�p|�lz8UlTK�p|�lI�Quo"x�n�� p|�li
z8U���:olT)Ro|1V�4 (EBDW) �o
De
(NIL) G��'9� (DP) r���
%Roi��B}�lz8UALj�j�lox�l���K�sAaQo"S>/_>&p|�l�UGz8Uow5�% [5].oTlj� 2007–10–15, oL{RTlj�2007–12–28Zaxh� .�62�+Aa� (2004E102); ��fk7KW5a� (XA-AM-200611); .�6{.7Ks& (�) 4kS$w=LGa���\`� ��S (1965– ), q���O� E-mail: zhwhxaut@xaut.edu.cn
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��&8��$<^>"y7T�kh	:sH� 887
!���'9� (DP) /_:lUB=F�t'� - x��+	I�sA'� - x���oUB=Fno|	AI�g�����{C1!8Ki�2D (0}) h'o'9b{��
x��l:lKj�9�mjz8Uox��l��AaQo�U"S>���mjz8Uop|�l [6,7]. !��u4>&p|�l�%Gz8�%w5�K�K&�s�t Si �yu(;C�z8��;��bp/T5?�PjJao6,	eBC;o'� - x�/_>R�\%��j9�l - "S>�AL℄mjt�ye>lO+W�o�l�
�8KIn���'9��z8Up|�lgl!o	�	
[�:l��'9�'� - x�/_d\�%lOt�y>�+W�op|�
|;uFCop|z8U�l�B��'9�olT6xG����	��
W�k�&/8�UB=Fo'� - x�/_obP0��W5d* PVP #;n���
BST �yglo�lO�>� (0.2∼2.0µm), :l��'9��I�Id\�%p|
|;uFCo
BSTz8�lo-9;�w;�'��e�%oz8o8a�	3G|B;u	
2 m~ON'9;'� - x� /_IK BST ��'�)R℄[`# (Ba(CH3COO)2·2H2O) �[`?
(Sr(CH3COO)2·1/2H2O) _ZU? (SrCl2) �=`�D (Ti(OBu)4) �N�xL�℄rZ (MeOH) �.[` (HAc) �'n�℄[C0u (AcAcH) �UB=Fn�N$�dWN�xL�-'p'n8K'V���4wUBoG'℄I0U'V�8K BST'�	
P�PjN�xL�'n!�Gz�o�}�sC� 0.1∼0.3mol/L,4)pIK)z�o BST��'��e�%o BST �lod\O� ("S>Q) }� 50∼100nm[7]. �I�W5j)�lO����o��Bj)'�z��
C;:loq"X��vDzdr'�zd/_�&>Moy"�bph�'�,8'9;�3�E}	�[�#�IC;o'�IKX)�)z 1 eA�N$}[`#'p[` (mÆ' Ba(CH3COO)2·2H2O: HAc=1:20),�}[`?��q*j[`#o[`'V!�G[`#W�1-wW�[`'nÆw;}=`�D'prZ - [C0u℄I'V (mÆ' Ti(OBu)4:

AcAcH: MeOH=1:2:20), 7Q�UBoG' Ba2+:

y 1 BST &8:��%�HJh	�ky7T-^W(y
Fig. 1 Flow chart of preparation of photosensitive

BST sol and the film patterning

Sr2+:Ti4+=0.8:0.2:1.0℄I0U'V�ZT���?'V!oN�xLC�o�9Y
 I�g�mjIW-xi'�	�Ia� BST �l"S>AL!o(O�.G�l�U�_r�k��0U'�IKAL!d*I PVP 8�(Oa�nqn [8,9].*Yj PVP od*gu5jx��lo'9;G-'�;R��>M��oICo PVP q*G}� PVP: '� (�G')=1:15∼1:20. eIKo'�omÆz�-`j 0.7∼0.8mol/L, �d�GH�a
V�"-℄�� 2 &℄0�'9;u��	: l � 3 j 9 � �s A W \ j 9 ��
Pt/TiO2/SiO2/Si Hu0�% BST x�� l	Bl BST x�� lo0}'9i;�:l0}9
(USHIO, SP7-250DB)sAyxz8�MKj (y0��� 0.7mm, �Mt$� 1mm) �2x��l�?
'9��Q�[Z - rZ℄I'�V!'�
30∼60s, �P0}9�2o�u��lC℄'
�b�0���S"0}9�2o'9�u�mjz8Uox��lÆ�W5�`�V!�mjo
BST z8Ux��l�9 400◦C vS> 30min G
700◦C "S> 30min Q�mj%=4	3o BSTz8U�lÆ�Q:lw&�oyxz8�M (y0��� 0.5mm, �Mt$� 1mm), lÆ/{2Y
(JEOL, JFC-1600) {2 Pt �|f�mj=J�m	3G|B;uoP�	
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 6 J � � 23 %
3 m~_WQuUB=Fn[C0u�'Vm�!)R℄�Z�	3�)�
0} - -w9 (UV-Vis) �L9�i��L�}� 273nm, �gp
�Z�	3!o π → π∗ |1��� K �Lb [5]. �&>Moy"�[C0u)Rt=`�D�5|	AI�g�+goAI�	3i��L�}� 325nm[5]. sA'�!C�oY
 -  I�g�8KBo0UAI�o�℄ -O-Ba-O-Sr-O-Ti-O �	3i�o�{C1 [7], 
x��loi�0}�L�$	p 325nm ��)z 2 eA	e�%o'9; BST x��l�H��-w9�a
V�!���
 325nm So0}i��L�boi%*U�f:lB+g2Do0}9z�2x��l;� 325nm Soi��L�\a�2;toJD(z~s�)z 2 eA�f�2;t�
20min℄0;�325nm Soi��L�b&/8��8b&4�*U	Zi0}9�2"��l!UB=Fn AcAcH t�RGe8KoAI�	3�5�
�℄
?x��l,&N0}9'9i;	w;�0}9�2Qox��l�[Z - rZ℄I'n!'
�i%~s�Bl
#'
�*U��!℄I'V!'�j-mj BST x�oz8U�l�"S>Q BST z8U�lo9B%���
(OLYMPUS, BX51) )z 3 eA	

BST z8U�lo,f℄8�) (Kosaka, SE-

3500) =G	?)z 4(a) eA��loO�}�
800nm. +goz8dwo	f SEM(JEOL, JSM-

6700) ��)z 4(b) eA�l>O�}� 793nm,

y 2 3v�8:s!n BST w��kn/|�K8�y
Fig. 2 UV-Vis absorption spectra of BST gel film

with different exposure times

y 3 BST y7T�k8��~
Fig. 3 Optical photo of the BST patterned film

y 4 y7T�kn+e\7<I�( (a) h	�e
SEM �~ (b)

Fig. 4 Profile curves (a) and cross section SEM image

(b) of the BST patterned filmt℄8�)=J	?b&W��w;-℄)N�e�%oz8U� l���d��CM_}�
50∼100nm.

Pt/TiO2/SiO2/Si Hu0o BST z8U� lo XRD z� (SHIMADZU, XRD-7000S) )z 5 eA�OI�o Pt Hu��}�� 2θ=21.9◦, 31.6◦i 56.2◦ N&Ii%o BST oi����-�gp
Ba0.8Sr0.2TiO3 o (100) � (101) � (211) �f (;�
PDF: 44-0093), ,iz8U�l#oy6o%=4	3	
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y 5 BST y7T�kn XRD y�
Fig. 5 XRD pattern of BST patterned film� z 8 d w o p | i ; (aixACCT, TF-

Analyzer2000)G
|i; (w[|1�TH2816-LCRX4|�) o=J	?)z 6 eA	�=J�[�
20kHz;�
+�
|CX}� 600, 
|
E}�
0.03. 
7qfU�� Pr }� 0.15µC/cm2, �~�� Ec }� 31.5kV/cm.t BST 2m8L+'� BST �l8LtHuG|f�t^�os
|CXo�f6+>oi,,�%*�
�
#�f>o^���=J|X!t BST �lW�3KVD|(	3�=Jmjo,7
|�X εm t�l��f>o>p
|�X (εf �εi) i
O� (df �di) -�[l� (1) ,A�

di + df

εm
=

di

εi
+

df

εf
(1)m� (1) -��f�f>O�W�;��lO� df~a��f>oi,~1�=Jmjo,7
|�X~���l>p
|�X�
SBh� BST2m8LÆ'!ko+�
|CX (2000∼10000) )p+g�l8Lo)Rx
�W [1,2,10]. wPx
�s
|CXo�f>G BST �l3KoVD6|(	3�S\h�=Jo,7
|
Eo�a [1]. +[5�"o BST �loÆ'!koX!�
+�
|CXa�
p 300∼800�t�
|
Ea�
p 0.01∼0.08�t [2,9], t&I�oX!b&W��SZi:l&/_�%od> BST z8U�l#oGC;'�x�/_�\ (>) �%o BST �lW�o
|i;	R}�i, BST �lop|;uo
\OI

BST �l8Lo5��}��lo�CM_��l5Do�.;G�m	3o��;r� BST� lop|;uo%*i,	Æ' [10] I� I
Ba0.65Sr0.35TiO3 2mo�C U�
p|;uo

y 6 BST y7T�knz Y( (a) F�z�( (b)

Fig. 6 P-E hysteresis loop (a) and frequency-

dielectric curve (b) of BST patterned filmsi,�,i�C U\h� BST2m7qfU��G�~��v1	Æ' [8] �'I�I'� - x�/_ PZT d>�lGC;�\ (>) �%o�lop|;u�SmjI+wo	^	&ÆI�o BST�l�C 1 (} 50∼100nm), boN&X�pHuo�.;o+.�5� (z 4(b))[8], 
�78aG5�;[p BST 2m8L�
Sh�
p|;usp+�oy"o�\ (>) �%o BST lÆ'!koX!��~��}� 40∼60kV/cm �7qfU��}� 1.4∼3.4 µC/cm2[7,11]. 
[�sA1�"S>���
���5:l)�*}|�oHu>�j)�lo�CM_�	��.;�℄`jG�\ (>) �%o BST l+fop|;ur�fo/81o
�9	
4 _esA#�UB=Fo'� - x�/_��d*
PVP (Oa�nobP0�I�Id\j9���%
|;uFCo BST z8U�lo-9;�)R	^)"�

1) ℄[`#�[`?�=`�D�xL�[C
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890 � 
 6 J � � 23 %0u�UB=Fn� PVP ��l(Oa�n�Bl[C0ut�RG8Ko|	AI�	3�-℄IK#o0}9'gi;o Ba0.8Sr0.2TiO3 ��'�i
x��l�:l��'9��-℄^m BSTz8U�l	
2)�&>Moy"�d\�%o%=4	3o

BST z8U�l�lO}� 793nm, 
+�
|CX}� 600, 
|
E}� 0.03, 1#oi%op|i;		?,i�d\j9���%
|;uFCo BST z8U�lB-9o	J
sv
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