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(F�:D<9A=?G;BEC�>H 310027)4 0� !| - Q�T�* (Pbx,Sr1−x)0.85Bi0.1TiO3 �F�z`yhk��K!u<-pi�kysw*���k%#D���F��t�u�P8��(xH�'B�
m℄Z�?y�f�Lgu?�h�SuZ1b1℄yÆ�|_yh(�DYyh8�n;℄b&
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1 1.%*Hr>j0.Af	gz7z��~9�lL)^��Dg�9)�FY.ÆiW`�"�bz?`JUst [1∼3]. jP[Jh�9L)1-W��o}`0.�
Sr1−xBaxTiO3(BST), ~ Cross z [4] ov��:I+u*wf (PST) ��^[#�`qjzO.fd`z9Tv�$a9�lz�"�B� PST ��B^� BST �#�`7z
9:aW85��0.zO#9`'qE��z?�|{ BST W+A�g85`q&MH�tx+U)`��.56 [5,6], %*{ PST �G0.�$a�9L)�lzO`�"�B;I*b,ix�{85:a`zO�l�	Q{0.U�`�l���B;'U)`�r	q
�V?( sol-gel �U�+ (Pbx,Sr1−x)0.85Bi0.1TiO3 �G�{ A R85 Bi 5` PST �G`v��il��M�G`qj�lzOtx+���'56�^+aqj�lzO,Ll�` a.9�H�

2 �/2"u*mx (Ti[(CH3)2CHO]4) �o*v�O*f.4*wO..���JW�.O*O}O��J� (H2NCH2CH2OH) OWoO�SU}ddr:
�G"SU`i }ddr:�'� ITO (WrOE�2"wj8��U�
U��(W� 4cm/min `)v4)8�tIG`�Y9�dWiw�:�K5���T5Wtx 5min `�)yI� (RTP), ���� 2005–03–24,  ~+�����2005–05–24��)�� $ThvÆ~Dr (50372057,50332030); $T[TDG��P7 (973) mI (2002CB613302)86��� A 0 (1981– ), L�$���
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2 ^ ��/�a�ez (Pbx,Sr1−x)0.85Bi0.1TiO3 �Fk�+pi�ky�k_�� 467\� tG4r�U��3v1O 200nm `}6G
o5�Y9o`Tvtxf<�Y`�MyI��B^�'f+lz2` PST 8 Bi �G
" X �g��� (RIGAKU,D/MAX-C) {�G�Ytx\i�^
2"�Cj~ (HI-

TACHI S570) {�G�Y`$BL"v=tx"7
�" Agilent 4294A m��^�5o�G`qjzO'?(o�O Tun%=(εmax − εmin)/εmax×100% `�lzQ+��Q+�lz`Up��W εmax . εmin �&O+AU:5^`oU.opqj;!

3 ��
!�D 1�2�&OA9 450. 600◦C�)yI� 5min` Pb0.51Sr0.34Bi0.1TiO3 �Y|+A`�MyI�5` XRD D℄
ND 1�\�450◦C�)yI� 5min` Pb0.51Sr0.34Bi0.1TiO3,| 500◦C �MyI�5{O	z2�~| 600◦C �MyI�;�V�u�iQ9�~ND
2 �\� 600◦C �)yI�` Pb0.51Sr0.34Bi0.1TiO3 �Y|(A�` 500 . 600◦C �MyI�5�^[+V`�u�i
A�;�_�[�A9 600◦C �)yI�`�Y�| 600◦C�MyI�^[`z:*)�~�| 500◦C �MyI�^[`d


C 1 RTP 450◦C 5min _ Pb0.51Sr0.34Bi0.1TiO3
%8 500 - 600◦C �LxH�4_ XRD C\
Fig. 1 XRD patterns of Pb0.51Sr0.34Bi0.1TiO3

films initially annealed at 450◦C for 5min and

then post annealed at 500 or 600◦C

C 2 RTP 600◦C _ Pb0.51Sr0.34Bi0.1TiO3 8 500- 600◦C �LxH�LP{�LxH�_ XRDC\
Fig. 2 XRD patterns of Pb0.51Sr0.34Bi0.1TiO3

films initially annealed at 600◦C for 5min and

then post annealed at 500 or 600◦Ci�`| 600 . 450◦C �)yI��Y`L"l��D 3 � 4 /��aWD 3 O
Pb0.51Sr0.34Bi0.1TiO3 9 600◦C �)yI�5�&9 500 . 600◦C �MyI�5`$B SEMCW
DW�\� 500◦C �MyI��G�p�l�i6%h�UWJq-�q-M�o+E_�~ 600◦C�MyI��Y;%-��'Eem_�o`fUz".U)ji9�'[otE:W`fpz">/n�
D 4 O Pb0.51Sr0.34Bi0.1TiO3 9 450◦C �)yI�5�&9 500 . 600◦C �MyI�5`$Bv= SEM CW
 450◦C �)yI�57| 600◦C�MyI�`�G',D 3(a) Wi'`v=�~| 500◦C �MyI�`�G;%f[3$B���`pLeMa�Kqn�
��
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468 Y F . , } � 21 ��R��l/D 1 �2 �^�D 3(a).D 4(b) W%p�q-$l�`Jv=��u�i
~D 4(a) /�`9fdT�).�MyI��G�,wE� XRD D℄e�;Qv�zi�WNCW
a�|��+{},z,i `pL"Ma�Kq-
�K�\�D 3(a).D 4(b) W`JLl��R���u�ziv��`ZWY(w2
zi9	�v����D 4(a) /���d9�GWv�Lp`z,�z,7^`F��U)`F�q-9v�zi`(CW^,Ff���v�Jv=`(w2
9EZWY2`E_�i6$l`-�;QIua"�zi
X�u�iS|�<�>5�a"�fIH`zi


C 3 RTP 600◦C �X Pb0.51Sr0.34Bi0.1TiO3 8SuN (a)500◦C, (b)600◦C �LxH�4_ SEM BV
Fig. 3 SEM morphologies of the surface of Pb0.51Sr0.34Bi0.1TiO3 films initially annealed at 600◦C for

5min and then post annealed at (a) 500◦C or (b) 600◦C for 1h

C 4 RTP 450◦C �X Pb0.51Sr0.34Bi0.1TiO3 8SuN (a)500◦C, (b)600◦C �LxH�4_ SEM BV
Fig. 4 SEM morphologies of the surface of Pb0.51Sr0.34Bi0.1TiO3 films initially annealed at 450◦C for

5min and then post annealed at (a) 500◦C and (b) 600◦C for 1hw~�ND 2 ;J\�| 600◦C �MyI�^[`z:*)�~�| 500◦C �MyI�^[`d�7{�i�`D 3 W (a) � (b), ���fE'Z�G`v=Ee+A
�6E'Z�G`U�(C�9f�Tv�)yI���'H\�nv�`�g�'f��z��~99�`A� MhgÆ�l/v�z:�kv�zi`)�OUU=(�Tv	�)yI�^[`zi)��'*Ff+(�.`n� [7]. ~�MyI�(C�Z℄M�gt�zi$B.$B�g�	$B`p2[2(C
�MyI���Gz:*)apv*�Tv[22^z�`z:*)��~9 500 . 600◦C �MyI����GWzi
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2 ^ ��/�a�ez (Pbx,Sr1−x)0.85Bi0.1TiO3 �Fk�+pi�ky�k_�� 469*)%(�.2n[22a"�^`[�
'k%* 600◦C ��g`gÆO#f���GaB9 1h 5^`pn[22�z:*)Eeb�~9fd` 500◦C yI�A��Y�%*�ggÆ`pOi{	d^}��~zi*);0Q<[i�`[2)�	Q�D
2 /��;�* 600◦C yI�5`zi*)
2�B�ND 3(b) ;�Ee
F�|
600◦C �)yI�k 600◦C �MyI�`�G�a$Bv=,a0<^U��G'Ee+A
E��,�G�z��$B�g����T�d�g`+yl�G�$B�79HrO)/�`Lq�>I [5] ' 
�B��G$BLl�i9f�Tv�)�n�v���`p"�'ji*A�v�`	zVE:W�2�B�-��n5`�ggÆ��zi�>v�fU`IHz"
oX�D 3 /��.e�TyI�`tx�x#$B-�z"'/<U�W%*� �n(C��R�$Bzi*)'/b (D 3(b)). ~9fdTv��g`gÆO#fd��D 3(a) /���G$BQFfEe`�n.	zLl���~azi*)�D 2 /����T�MyI�`	�


C 5 (PbxSr1−x)0.85Bi0.1-

TiO3 9`*� Pb/Sr Æ_ XRD C\
Fig.

5 XRD patterns of (PbxSr1−x)0.85Bi0.1TiO3

films with different Pb/Sr ratios

(a) 0.6/0.4; (b) 0.5/0.5; (c) 0.4/0.6; (d) 0.3/0.7; (e)

0.2/0.8

C 6 (Pb,Sr)0.85Bi0.1TiO3 �F a�cN- PbTiO3_!8
Fig. 6 Lattice parameters of (Pb,Sr)0.85Bi0.1TiO3

films as a function of PbTiO3 mol%

C 7 (Pb,Sr)0.85Bi0.1TiO3 %�y (c/a) - Pb/Sr_!8
Fig. 7 Tetragonality (c/a) of (Pb,Sr)0.85Bi0.1-

TiO3 films as a function of PbTiO3 mol%k�/ � sol-gel �U� Bi 85 PST �G��dv�z,�hez,<UF�'^`n�u�zia"�v�`�u�iY.ezi`�>IH~^`��
�)yI�(CW�9��i�Tv[22^z��}`zi)
EZ�zi*)�G9o<^�$a9$B'�n.7lz`p�
KH��GW�u�i`v�.l�;,�Gn�W` Pb/Sr�i 
D 5O+A Pb/Sr
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470 Y F . , } � 21 ����9 500◦C �)yI�� 600◦C �MyI�` (PbxSr1−x)0.85Bi0.1TiO3 �G` XRD D℄
NW�\�,w Pb/Sr �% 0.2/0.8 =UQ 0.6/0.4���Gq��u�l�VrQ9�W%D 5 Q+F�G`z�;! a . c O��D 6 � 7 /��Ee. Pb *)`+A~+A
X�GW Pb/Sr≤0.4/0.6���u�iO!�l��z�;! a 1O 3.935. Pb/Sr=0.4/0.6��u�i	�a"O&�il��~X Pb/Sr S|=U�v�`z�;! a O'p�v=U� c O. c/a O;q�)=U
Q Pb/Sr=0.6/0.4�� c/a 1O 1.006.

C 8 (Pb,Sr)0.85Bi0.1TiO3 9`*� Pb/Sr Æ_ SEM BV
Fig. 8 SEM morphologies of the surface of (Pb,Sr)0.85Bi0.1TiO3 films with different Pb/Sr ratios

(a) 0.3/0.7; (b) 0.4/0.6; (c) 0.5/0.5; (d) 0.6/0.4D 8 O (Pbx,Sr1−x)0.85Bi0.1TiO3 `$Bv=. Pb/Sr "9` SEM CW
.e x N 0.3 =U[ 0.6, pq-%l�`J;q-'F�RA9`p�
�R��%*f`jg3���UÆ���a℄M`SR:}�~���3,v�z:��K:aW Pb *)����GWv�+rÆ*f`fRA`lzq-�k. Pb *)`S|=V�^`=}=U — aM�% x=0.3 �` 200nm p(C�p^`=UQ x=0.6 �` 500nm p(C�U
0Ee�9EZfd Bi *)85n�� (Pbx,Sr1−x)0.85Bi0.1TiO3 z�;!`"9Mh, Pb2+ .
Sr2+ �g��+Ai 
%*�g�� r(Pb2+) > r(Sr2+), ~ Pb . Sr 9z:hGW?�iA`RS�/� Pb2+ Rv=V=�^�u�i`z�;!"U
)�O�T SrTiO3 O!�l�� PbTiO3 O&�l��.e Pb *)`=V�%|�}: PST `il�%!�^`a"O&��ka&�z
.K=V [8]. k/�^� Pb2+ �g`=V��R���u�i`&�i,!�iY`a"Tv��
N�D 5 /���f�N�&�iFf�$E�i
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2 ^ ��/�a�ez (Pbx,Sr1−x)0.85Bi0.1TiO3 �Fk�+pi�ky�k_�� 471a"h��*�T�~df�O!�i�ia"h;9�T�
f*)91O 40% ��a"hFf9�T�v
D 9 � 10 O 100kHz .;T� (Pbx ,Sr1−x)0.85Bi0.1TiO3 �Gj�8.5�U�`"9.�lz. Pb *)`"9 a
%D 9 �J� Pb *)N x <0.5 ��G`j�8.e Pb*)`=U~��9 x=0.5 ��'oUO�X x O 0.6 ��a�Gj�8, x=0.5 hvC�'[p
�G`Kjjv�9 600kV/cm ���~aj�8FfEe.Hj:"9`q-9 250kV/cm`�MM
�Gj�8.Hj:`"9�9 x >0.4 �1fOEe�'. x `=V~�)=V
i��G`�lz�D 10 /��.e Pb *)`=V�7&9 x >0.4 �5�lzAf^,=U`p�� x soUO 0.6 ���lz
s^oUO
�J Pb *)=V�^�G`��hTv^`��
N�T�G^`%#ji2pv*>ji2
~>ji`�lz�f#jiU [9], /�9 x=0.6 �vj�.j:`"98s^oUO�R[ 28%.

C 9 e)(*�_�Fi~7-L4T�_!8
Fig. 9 Variation of the capacitance as a function

of applied field for (Pb,Sr)0.85Bi0.1TiO3 films with

various Pb mole content

C 10 �F�ky- Pb )(_!8
Fig. 10 Tunability of (Pb,Sr)0.85Bi0.1TiO3 films

as a function of PbTiO3 mol%�\�f*){�G�lz`�lMh,�GWf{�u�i��h`�li ���Tv`�"��GI9>ji.#jia"h�v���G�'fU`�lz�90�>ji`#ji2�G;>'�lz

4 ��

Sol-gel �U�+�u�il�` (PbxSr1−x)0.85Bi0.1TiO3 �G��d9�GWv�z,�hez,<UF�'^`n�u�zia"�v�`�u�iY.ezi`�>IH~^`��
�)yI�(C�9��i�Tv[22^z��}`zi)
EZ�zi*)�G9o<^�$a9$B'�n.7lz`p�
 Pb2+ . Sr2+ �g��`+AMh�l+ (PbxSr1−x)0.85Bi0.1TiO3 �G`zil��=V Pb2+ �g��u�i`��hTv��f*)9? Pb . Sr �gl)`1 40% ����hTv9�T�v
�f�gfjJ9zO`�l�.f=V��GFf,&�ii `RA9Ll�q�'.fS|=V~=V
�GI9>ji.#jia"h�v����B^fU`�lz�f{�
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Influence of Pb on the Structure and Dielectric Properties of

(Pb
x
,Sr1−x

)0.85Bi0.1TiO3 Thin Films

ZHAO Yong-Lin, DU Pi-Yi, WENG Wen-Jian, Han Gao-Rong

(State Key Lab of Silicon Materials, Zhejiang University, Hangzhou 310027, China)

Abstract: (Pbx,Sr1−x)0.85Bi0.1TiO3 thin films with perovskite structure were prepared on ITO

glass substrate by a sol-gel method. XRD, SEM and impedance analyzer were respectively used to

characterize the phase status, morphology and dielectric properties of the films. The results show

that during the formation of (Pbx, Sr1−x)0.85Bi0.1TiO3 thin films, nucleus of the perovskite phase

are initially formed and then congregated together. These aggregated nucleus are then transformed

as the perovskite-phase crystalline. And finally, the crystalline phase grows and separates gradually

to form the perfect crystalline structure. The content of the perovskite phase formed in the thin

film under rapid thermal process(RTP) is more than that formed in kinetic equilibrium under

traditional heat treatment. It is due to the high active decomposed ions forming the perovskite

phase directly when heat-treated by RTP. The structure of the perovskite phase has a close relation

to the ratio of Pb/Sr in the system because of the difference of radius between Pb2+ and Sr2+.

The transformation temperature between cubic and tetragonal of the perovskite phase is increased

as increasing Pb2+ whose radius is larger than that of Sr2+. It appears at room temperature when

the content of Pb2+/Sr2+ is about 0.4/0.6. Meanwhile, the tetragonality of the perovskite phase

is increased with increasing Pb2+ ions. High tunability of the (Pbx, Sr1−x)0.85Bi0.1TiO3 thin film

is exhibited when the film composition is close to transformation point between paraelectric and

ferroelectric. Pb2+ ions act as a dominant factor to affect the Curie point of the system and then

to change tunability.

Key words PST films; dielectric properties; sol-gel method; phase formation


