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Preparation, Microstructure, and Conductive Properties

of BaPbO3 Thin Films
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Abstract: Crackfree and small grain size perovskite-type ceramic BaPbO3 conductive thin films were

deposited onto Al2O3 substrates by a modified sol-gel method using ethylene diamine tetra-acetic acid

(EDTA), citric acid, and tartaric acid as the complex chelate agent. XRD, SEM, and EDS tests, together

with resistivity date, show a good correlation among the Pb to Ba ratio, grain size, and sheet resistance.

Experimental results demonstrate that BaPbO3 thin films with homogeneous composition can be prepared

by the method mentioned above. Sheet resistance of BaPbO3 thin films decreases with Pb to Ba ratio

or grain size increases. The influence of heat treatment on sheet resistance is related with the thickness

of BaPbO3 thin films. The best electrical properties were obtained upon a rapid thermal anneal (RTA)

at 700◦C for 10 min. Perovskite BaPbO3 films with sheet resistance of 5.86Ω · 2
−1 were derived from 20

spin-coating layers and annealed at 700◦C for 10min.
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1 � [g��u
 BaPbO3 k��ks���	:m&r2� 139IU0�^vlQH!0�7K��'tw�h�PY�a�{MB�I.�'
i0zlQ�F��RFY (EDTA) �w
Y (CA) ��6Y (TA) z'M0Ms�Pz�st sol-gel � ���zMz)0~� Pbt[��o8L� BPO MHEJ��a��t/H�)r�H!Ut�l:X2W�T> [10](RTA) 7K� M--5�!
;��'sYFt BPO m��l�mE��l�w
;J�l�'st4����M BPO �l� t&w7Kk{�+4�M Pb/Ba $��C/FwPU��lm�'stU��
2 o�I Ba(OH)2·8H2O(98.0% �X,V) � Pb(NO3)2·

3H2O(99.0%�X,V) zlQ�EDTA(99.5%�X,V) � CA(99.5% �X,V) J TA(99.5% �X,V)z'M0Ms�Pz�s� BPO ��?� 90◦CPfx�����+mEyx NH3·H2O 0� pH>7,

p 1 �� - x���� BPO �k5JXIp
Fig. 1 Flow chart of preparing BPO thin films

by a sol-gel method��?�}�M"Hz�z 0.5∼0.6mol/Lt���;8:X)r�� BPO y�l�mE0�s�W_Js�8y�v Al2O3 e}')r�  _B�T�t BPO �l�qnty�lv 450◦C ��� 5∼10min, �')rJ��IzxlT�l�X2W�T>��$s_T>�E8� j:X!�"��T>7KZ�� a) )r�H! 1 \��� 1\�\p�T> 1 \�C\-Y� b) H! 1 \��

� 1 \�` 5 
 10 \-YU�T> 1 \� c) H!
1 \��� 1 \�i�lbn_(T�8��$ 1\�T>�qn _B�T�t BPO m��l� j7KYJ!q 1 _?�:X�!>,8Q D/max-IIIA !� � X *�6*D (Cu ��2F 0.02◦, #fW� 10◦·min−1)�$ XRD "
��l�w
;t)�J�lT�t=�:X Philip 8Q#f���w� (SEM); iU�J"
:X EDAX 8QtsJ�D (EDS); :XRb��=J�lt�m_�
3 VMOr_
3.1 X n|�nGxq 2 D�EB\ RTA �T> (c 7K) qnt 20�lt XRD q��℄q.I)O�BPO �l
��u��
yY���P--5
; BPO J Al2O3e}6*#t�/^v Ba2PbO4 � Ba4Pb2O10 w}���>/^v Pb t9X���hD�l�_wJt BaCO3 ;b���=D[a0~�t�[�Q�tX,tJ$t4Q�

p 2 700 ◦C � 10min 1V�S<s BPO �ks
XRD p�
Fig. 2 XRD pattern of BPO thin film annealed

by RTA at 700◦C for 10min

3.2 maCYR3d EDS ghGxq 3 D 20 �l�E RTA700◦C ��~ 10min �T> (c 7K) _qt BPO �lt)e SEM ~}�℄q.I)O��l)e
T���C��'s"1��C~'Nan 90nm. :X RTA 7K�.I_ { 
�lwT�tC/��D[a�l�t;V_i�v2W�T>EJ�o8"��[���l�/ M"Hw/tRDl��Ut�eÆIU0��$�IPz�sz)M BPO ��j�?�t_i�FJ�z)Mv�T>EJ��ljjtF℄�z�M|RD�P�_  
M�lt(T�
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p 3 u 700◦C ��D 10min 1V�S<s BPO�k(d SEM }|
Fig. 3 SEM image of BPO thin film annealed by

RTA at 700◦C for 10minq 4(a) � (b) "*D:X b � c �T>7K�v�ok{��E 4 \�T> (` 5 ��T> 1 \) J
1 \�T>t 20 �lt�e SEM ~}�B\�T>_ql�T�=$ 4 \�T>tTn 20%. �T>\Mo���lv�T>EJ�t[�of�&�"Htl�o��

p 4 .n�S<5J^p�ks�d SEM }|
Fig. 4 Cross sectional micrographs of BPO thin

films with different heat treatment processes

(a) One RTA anneal per 5 spin-coating layers; (b) One

RTA anneal per 20 spin-coating layersq 5(a) � (b) "*D/o�T>7K�t BPOm��lt EDS s�q���q 5(a) D�E 20\)rH!J��-YU�B\�T> (c 7K)_qt 20 ��lt EDS s�q�q 5(b) D:X
a 7KZ���E 5 3-YU_qt 5 � BPO�l EDS "

C�q 5(a) t"

C�?�
BPO �l� Pb � Ba iUFJ"*z 17.705at%J 18.032at%(Pb/Ba=0.98/1), Ba iUt��FJ

�0��e XRD q����l��P BPO �t_wJ BaCO3 ;bt
CB
��q 5(b) ts��?��l� Pb � Ba iUFJ"*z 17.550at%J
19.341at%(Pb/Ba=0.91/1), Pb/Ba $\��T>\Mtzx��B2~xM��l� Pb t[�^\��T>\Mtzx�zx� Pb/Ba ${:X,tJ$�/�a� m�'sFGt BPO �l�

p 5 20 ? BPO �k(d EDS r�p
Fig. 5 EDS patterns of BPO thin films with 20

spin-coating layers

(a) One RTA anneal per 20 spin-coating layers; (b)

One RTA anneal per 5 spin-coating layers

3.3 BPO 3dA=C�g
BPO �l _P0tm�_�;8�:XRb��=���$_��lT�mE�l�e SEM=��q 6 D:X a�T>7K�v�`k{�o�*'�l�T>8ytÆ8���l�$\�lT�t'X���v�lT���8��~8yoF��l�$o0��e�T>EJ�t Pb [�_>��>t;84��i� BPO 7Qt�$_^\�

Pb/Ba$t�~�'2 [11]. �~8yoF��l�t Pb [�o1�� Pb/Ba $t�~�m
�l�$t'2�\��lT�tzx�BPO �l�$�}�~��/o�~8y� BPO �l�$tU��}z��i�lT� >3µm '`8� 10 � 20 �
30min�~t BPO�l�$e!�o�\�l�T�tzx��~8yt5FZ�^Q� Pb/Ba $
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1 � [g��u
 BaPbO3 k��ks���	:m&r2� 141t�~�ho8 BPO �C>^\��~8yt5F�/�Ff�
��au���CtFf�z)M�l��$_���0t����<�l�$_z��

p 6 700◦C � 10∼30min RTA �S<^p�ks�#[��kSÆs&W��
Fig. 6 Thickness dependence of sheet resistance

for BPO thin films annealed at 700◦C for 10, 20

and 30min respectively

p 7 670∼700◦C � 10min RTA �S<^p�ks�#[��kSÆs&W��
Fig. 7 Thickness dependence of sheet resistance

for BPO thin films annealed at 670, 700 and 720◦C

for 10min respectivelyPY��~8yo8U�n�l�t Pb/Ba $J�Ctf����<q�lt�$_'2��U�<�l�$_�~�I�t!M(X�C/M'Jt;8����al���tÆ8�Pb/Ba $4Q��lm�'sJ
�tu�'�_�ftU��PYE:Xv 700◦C ��~ 10min t RTA �

T>���q 7 D/o RTA �T>~����l�$\�lT�t'X���
�FGt BPO �l�O$� 670◦C t�T>~��x��l�+N$��l({u�"H BPO ��� t BPO �l�$���f�vl���tÆ8��[a 720◦C t�T>~��0���tl�G Pb [�tU��f�PY�l�$���f�o8\l�T�tzx�o!�~�il�bnB�T�U��l�$'X�}�a~Z�v 700◦C ��~ 10min t�T>k{���l�$\�lT�tzx��}z���'X$�~Z�[Y��a�� BPO �lt&w
RTA �T>��z 700◦C ��~ 10min.) 1 z`)r 5 � 10 J 20 � BPO y�lU�T>B\�_qt�l�$	t�$��E 1�2�
4 \�T>_qt 20 �l���l�$\��T>\Mtzx�'2�℄� EDSs�q (q 5)t"
9)� 700◦C �T> 5 \t�l� Pb t[�=i�fa 1 \�T>t�l� Pb/Ba $\��T>\Mtzx��~�<q�l�$\�zf�o8��T>\Mtzx�xH�lT�tz����lT�tz��o:>^Q��l�$tzf��a 1 \�T>J 2 \�T>_qt 10 ��l��'X�℄e 20 �ltÆ8�o�h 1 � 2 \�T>t�l�$	�A�f���=Del�tT�_>� 10 �ltÆ8��[a�lT����
Pb t[�1�U��3l�t Pb/Ba $�m
�otl��l�$�APf���a 20�l�[al��T��\�T>��l�)et Pb/Ba $U��f���ee}�Qtp3l�U������<q 2 \J 4 \�T>Æ8�t�l�$�Az��PY�vl���tÆ8��:XB\�T>t�>=$�\�T>�>G�hDil��T8��T>\M��l�$tU�/i��!4��_bqt BPO lt&w�$z 5.86Ω ·2

−1(!) 1 _?).7 1 8t?j:℄J�D1bE�?
}
Table 1 Influence of heat treatment on sheet resistance of BPO thin films

Sheet resistance/Ω · 2
−1

Heat treatment
5 layers 10 layers 15 layers 20 layers

One RTA anneal per 5 spin-coating layers 87.47 30.69 12.80 8.83

One RTA anneal per 10 spin-coating layers 17.12 8.62

One RTA anneal per 20 spin-coating layers 5.86
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1. G,�%�f.xjN�EDTA �CA �TAx%K.Kq�Nx�q�8V(�r sol-gel��Æ�K�R���AL_�	%qr++3�9
BPO j��j	

2. Pb/Ba "H�A,D�6B#� BPO �jj�%rG1�;NS� Pb/Ba "r%0H�ArD
�	\f. BPO �jrj�%q	
3. 8V RTA700◦C��| 10minr�R;���,G`oj�%q%vr BPO �j	
4. �R;ZK� BPO �j�"rS�
�jR
\<�j>��7��j�#�Z�R;;"�Z�R;�=4q`oj�^.r4N�j>�R7��R;ZK��j�"rS�-g�	9[vz
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