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1 - Solid-oxide fule cell 
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@$ �'[O/ ��=����$!�@ �9��@2 7?� �
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� -
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 �$� U,�#/ . �$� @ 9�5��'<� 1$  !�2 �%� �$+<	$Fullprof �� 

G&!3E != �_cJ !�$ . �$� V,�0/ 9$'@ �
& �[= G!� 1$ �<5

 !=  ��Z:%$ . �$� 7
$ ��%$'@ P,?'/ ��^/ �5 ��:J�<% 9$�$� �<5
 :%$� 9���@ �=�()*,[�&��/�&$ (�
�]	  &'- �@Pbnm & �%$ 

�^� ',,a/ $� �
�]	  &'- ��,��$':%$ ���#��3 q��_ �@ & !5�
 �� '5�m �"[= 9�5':�$��) ',,a/��= . �$� 7<
$ I�$+<- �<@ �<5 

M$'(
��$��^5�@�J �!��$� ]Ew[.

>�*?�(�$�59I$') �/') X1$ �,<%2 9�5!,�?$ Q���� ���) ��?99$'<@  !<= �&� 9�<5 9��L�,<%2 M�-�<��-)�<�$ (AMnOA/BCaC/BLa)l(
AMnOD/BSrE/BCaC/BLa )ÅCBgA/B=MoKαλ.(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

09
 ]

 

                             4 / 13

http://ijcm.ir/article-1-529-en.html


!�3�� ��^= ���M�:�@�/ ���t �J�%\���@����9�5 �-xSrxMnO�/�Ca�/�La �@. . .���

>�@@*A�<<(�$ �<<59�
�<<�� P<<,?'/ ��<<�d I$'<<) )�<<�$ (AMnOA/BCaC/BLa �)l(AMnOE/BSrD/BCaC/BLa �)�(AMnOD/BSrE/BCaC/BLa &)q(
AMnOA/BSrC/BLa 1$ X) P,/'/ �@ h�g�g&EB9��?�,%2 ���% )ÅbxBw/E=CuKαλ.(
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@$ �'[O/ ��=����$!�@ �9��@2 7?� �
�o� M$'
$ �%�8= ���? & �%�8=���@ ��O� ���

>�*��(�$ 9�/') I$') X)ÅbxBw/E=CuKαλ(P,L'/AMnOA/BCaC/BLa 1$ X) h�$+	$ �'� �@  != �8,�@ �9��?�,%2 ���% Fullprof . 

��/B? 1$!�$ 7,(��,� & �"[= 9�5':�$��) 9\���@ �5.

�
�8(8� P,?'/ 9��?�,%2 M��1 
�$ 7,(��,� 1$!9\���@ 

XRD)nm( a(Å) b(Å) c(Å) )AV (Å 

LaC/BCaA/BMnOA h���% DB xbgA/b xwxg/b CEAb/C EDh/DAB 

LaC/BCaD/BSrE/BMnOA g���% Eb xbgC/b xwAg/b CDAE/C AgB/DAB 

LaC/BCaE/BSrD/BMnOA g���% Ex xbBA/b xwgg/b CDhA/C AgC/DAB 

LaC/BSrA/BMnOA EB���% g xwxg/b xbgg/b CAbE/C hBD/DAB 

 1$!�$ 7,(��,� 9\���@ �(�$ 1$ �59�/') I$') XP<,?'/ 
!= �[%�0� �'= G��'	 &.'@�8@ G��'	'
1 :

)D(
θ

λ
=

cosW
kD

�?M2 �� D7,(��,� 1$!�$9\���@ �5&k�<? �<%$ �:@�� �<@
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�:J�8=�1$ & �<%$ �:�@$& \���@ hg/B�</ Ag/EM�<
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$ ��E=k1$ V�:�� �? != l��:�$ ��
�-
:J�8=��%$ ��J .λ��#@�/ ��� G�T θ�
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!�3�� ��^= ���M�:�@�/ ���t �J�%\���@����9�5 �-xSrxMnO�/�Ca�/�La �@. . .���

�<<8�)9�<<�` >,<<� �� q!<<=�<<%$ .V"<<= �� �<<59xl & �<<�$ 
9�5'
�N/TEM �:�@$& �<@ �
��� P,?'/ &� �@ B=x&E/B=

x !=  �$� M�#� !�$ .����@  1$!�$ 7,(��,� �@ �3�/ �@ �<@ �<L �5
 ��@$� 1$  ��Z:%$)D( != �[%�0� !�$)G&!<3E(q$�~ ��<H@$ &

'
&�N/ ��  !=  !
�TEM �<� �!�'@$'@ |�[
'�/ �? �<O,:� M$�</
 ��$� 1$ �
 '5 �L �	'- �/ �
 q��_ �@ ���) q$�~ �
 �5 ��<�@

)����@ (�%$ .

��� � ��
#�$�%�&'� ��
 
 6
& ��&����T�8a� �
��� �(:�@$&9���^� �"
':"�$ �<5 $� ��

 V"=b �$� M�#� >
$ .+�	 �$e-{���%��� P<,?'/ ��<^/ 9$'@ �<5
 !=  !
� .45&6) ���59P,?'/ 7
$ 9&�  != ��O�$ �@ �:[�$ ��5

I&� 9��� �'(
� +:8% 9�5TM-I I�$+<- �$!<�� 7<
$ 1$ ':#,@ 
�%$  !=]EC�Eh[.�@ '�$ 7
$ & �J�% I&� �� �c:J$ ���

 U�� ��O
$ �<%$ 9��?�,<%2 1$ �<=�� 9��:J�<% 9�<5 .7<
$ ��
P,?'/ U�� 4
$+	$ P3�� q$�~ �1$!�$ 45�? ��5 V<���/ & �5

 ��$� >O. �@ ��% �[�� & ��= �� �� ��
1 $� �5!8? .4
$+<	$
U�� 45�<? P3�� V���/ & �5Tc45�<? �<O,:� �� &TM-I 
�� �<�$� ><O. �<@ ��<% 4
$+	$ �? ���. �� ���= M�<"�$ �<5

 M!= �$!
!)GMR &CMR M$!,� �� $� 9�<` M$!8d �� 9�5
 �� >5$'	��&2 .M�<
 ���#��3 '�$ �@ ��@$� �� �? �/;��� 1$ 9�<5

+DCa �@ +DSr  1$!�$ &9P,?'/ 7
$ �� ���$� !<= '#:8� �5 !<�$ �
W
�:� 7
$@� !�2 �%�!�$ :9��� ��,��$':%$ ���#��3 4
$+	$ �@
 +�	 �$e-–���%��� �� 4
$+	$ �"
':"�$ ��&��� &!@�
]Eg[.�<@

  1$!<�$ �9��?�,<%2 M��1 4
$+	$9�<� 45�<? q$�~ �<@ & !<@�

  1$!�$ 45�?9��$� >O. �@ ��% �[�� �q$�~ �:	�
 4
$+	$ �5

 �� ��
1 �/$~',j ��&����T�8a� &�=�]DB[. 1$!<�$ 45�? �@9
q$�~�+�	 �$e- 9��� –���%��� P<,?'/ 7<
$ 9$'@ �<5 $� 45�<? 
��!5� ]DE[.���2 �? G&!3 ��D !<�2 �<%$ W
�<:� 7<
$ �<@

 �%$ ��-1�% .M�8d !
�@ ��,��$':%$ ���#��3 4
$+	$ �@ �`$& ��
 �? �����^�9��  !
� �M��"
 9��?�,%2 M��1 �@ ���% & �&� -
��= �TM-I!@�
 4
$+	$ .�&�M2 1$ �<��^� ��<^/ 9$'<@ �<? �3 �<5
M��1  1$!�$ 7,(��,� ���[� M��"
 9��?�,%29+<,� �/&�Z:� ��$� 

�O,:� �� & �%$  != V_�.TM-I  1$!�$ ',��/ �0/ 9��$� 9�5 

�� �$'` q&�Z:��',-.
9��� '
1TM-I �^5 9���^� +<�	 ��<:	� �5 �<@ & !<��$� �<��-

 � 4
$+	$ �� 4
$+	$ +,� �"
':"�$ ��&��� ���!@�
 .�
�) ���.9
��&':"�$ ��:J�%Mn �% �<@ P<,/'/ �@ �:,	'm���d & �:,	'm

 �q��_AdA&xdA!�$ .�$!� W8)d�� *
 '5 �? �&� �<@ !8�$�/
 7,p%$ �@ M&':"�$ 9��<�@ M$!<,� �<@ �!��<= '<) 7,
�) & ;�@ 9�5

�#5 ',) M6,�<?$ M�
 4= 1$ V_�. ��3& M�<
 M�<�$Mn �
�� �:	�"=!��= .(:	�"= 7
$��$!<� �9�<5d�$!<� �<@ $� 9�<5

 7,
�<<) 9�'<<�$gDt�<<% �<<8(�[/ �<<@ ��<<��-)dxy, dyz &dzx(& �
;�@ 9�'�$ 9�5�$!�eg��<��-&� �<8(�[/ �@ )2222 , rzyx dd

−−
(�

 �� �<� 9!8@ !<8? .�<�&':"�$ 9!<8@'",) �&� 7<
$ 1$+AMn �<@ 

q��<<_↑↑
gget 3

2& �+xMn q��<<_ �<<@ ↑3
2gt�<<%$ .�<<@ 4��<<%�
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$ ��9��
�<�� 
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 7,p%$ &9�5+AMn &+xMn �
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>5 91$�� & �:%$�!�$ .�
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$ �� $� ���^� �"
':"�$ !<5� .M&'<:"�$eg
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  $� 1$ +xMn 
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��^5��= .�<3 �� !<��5 �-!<= �Z3 V,�� �@9

M�
+AMn 9�5 M&':"�$ 7,p%$ �eg&gDt>5 ��@ !85$�J�:%$� .
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 7,@ G��:�$ �� M&':"�$ 7,p%$ 9�5Mn 

�^� ',,a/ �
��^5 �� �O,:� �!8? �<@ �M&':"�$ G��:�$ �? >
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 M�<
 7,p%$+xMn �<%$ �:�<@$& �
��<^5 .�<�@$� 7
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 P,?'/ 7
$ �� ��,T�8a� >�� & �"
':"�$ 9'@$'/ 7,@ *
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 45�? -
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$+	$ �<� !<@�
 .�
�<^� 45�<?)exp (
 �<@ 4��<%� �<@  ':�<- 7<
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�� ',�Z/ �
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@$ �'[O/ ��=����$!�@ �9��@2 7?� �
�o� M$'
$ �%�8= ���? & �%�8=���@ ��O� ���

>�*C'
&�N/ TEM �:�@$& �@ )��$ (P,?'/AMnOA/BCaC/BLa 1$ X) h 1$!�$ 7,(��,� �9��L�,%2 ���% 9��$� �5nm DB&)l(P,?'/
AMnOE/BSrD/BCaC/BLa 1$ X) g 1$!�$ 7,(��,� �9��L�,%2 ���% 9��$� �5nm Eb.
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!�3�� ��^= ���M�:�@�/ ���t �J�%\���@����9�5 �-xSrxMnO�/�Ca�/�La �@. . .��t

>�*D��,T�8a� M$!,� ��]. ��  6
& ��&��� �
��� �(:�@$&Tb/E�D/E�E�b/B�B=BP,?'/ 9$'@ �)��$ (3MnO3/0Ca7/0La ،)ب(
3MnO1/0Sr2/0Ca7/0La ،)پ(3MnO2/0Sr1/0Ca7/0La و)3)تMnO3/0Sr7/0La . 

��/BA+�	 �$e- 9��� �9��L�,%2 M��1{���%���[�� ��&����T�8a� &  6
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��� P,L'/ ���d 9$'@ �8,#,@ .
�
�8(8� P,?'/ 9��?�,%2 M��1 TM-I(K) ρmax(ohm-m) MRmax 
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LaC/BSrA/BMnOA �� ���% ��� ��/� ��%

V"= �� w��&��� �[�� �c:J$ ���<�&��� & 'Z_ M$!,�
 M$!<,� ��]. �� )

)H(R
)H(R)H(RMR

0
00

=
≠−=

=−(P�<. '<@

 M$!,� �� ����59Tb/E�D/E�E�b/B=BP<,?'/ ��<�d 9$'@ 
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$!�.M�
 7,@ M&':"�$ G��:�$ �@ ��,T�8a� M$!,� �
��<^5 9�<5
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+(
�3 �`$& �� & !8? �!5�
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$'@�8@��= .V"= ��C�<808� 9�<5

 �3��<J ��<,T�8a� M$!<,� P�. '@ ��&��� 9��� >5  !<
�
��=!�� .�^�9�808� 9��� 9;�@ & '
1 �5TM-I ><5 �<@ |c��<? 

!��$� �c:J$ .7
$ � M�#��!5� /&�<Z:� 9�5��?&1�<% �<? ���

!8:�5 ��&����T�8a� 9�(�%�) � ':�- &� 7
$ .�808� 7
$ �5
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1TM-I �><�� 1$ �<�&����T�8a
 M�
 7,p%$ 9�5Mn ��<,T�8a� M$!<,� ��<@��? !<��,) �<? �

�� V_�. ��%$ M$!<,� �� & ��= �
'<% q$'<,,a/ 7,
�<) 9�<5
 &� ��&���9��!<5� .7
$'@�<8@MR +<�	 �$e<- 9�<�� '<
1 –

���%��� M$!<,� �� !
!<= ',,a/ ��� �@ �'/!<,Z� �*<d�? 9�<5
 ��@ !5$�J .� P
'o M$!,� 4
$+	$ �@ 4
$+<	$ +,� ��&����T�8a

��!@�
 . 1$!�$ 7
$ 1$ V_�. W
�:�9',- G&!<3 �� �5D�<_cJ 
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@$ �'[O/ ��=����$!�@ �9��@2 7?� �
�o� M$'
$ �%�8= ���? & �%�8=���@ ��O� ���

>�*E[�� ��&����T�8a� �
��� �(:�@$&���,T�8a� M$!,� �� Tb/E�D/E�E�b/B=BP,?'/ 9$'@ �)��$ (3MnO3/0Ca7/0La ،)ب(
3MnO1/0Sr2/0Ca7/0La ،)پ(3MnO2/0Sr1/0Ca7/0La و)3)تMnO3/0Sr7/0La . 
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!�3�� ��^= ���M�:�@�/ ���t �J�%\���@����9�5 �-xSrxMnO�/�Ca�/�La �@. . .���

>�*FP,?'/ 9$'@ ��:�� 9�5��� �� ��,T�8a� M$!,� �@  6
& ��&��� �(:�@$&)��$ (3MnO3/0Ca7/0La ،)ب(3MnO1/0Sr2/0Ca7/0La ،)پ(
3MnO2/0Sr1/0Ca7/0La ت(و(3MnO3/0Sr7/0La)1 ��%$� �^% �$e- 9��� 9;�@�d �^% �$e- 9��� '
.(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

09
 ]

 

                            11 / 13

http://ijcm.ir/article-1-529-en.html


@$ �'[O/ ��=����$!�@ �9��@2 7?� �
�o� M$'
$ �%�8= ���? & �%�8=���@ ��O� ���

 �*#2�
 
P<<<<,?'/ >
!<<<<= �<<<<	�� 45&6<<<<) 7<<<<
$ �� 9�<<<<5A-

xSrxMnOA/BCaC/BLa �<<<@ A/B�D/B�E/B�B=xI&� �<<<@ $� 
G�H	 >,8? +:8% �",��"� 91�% .��<,�&$ �$�<� 9��?�,<%2 1$ X)

 ���<) �<@ ����- ��1& �[�� �@ �9�'�$') 9�,%2 ��EB�*<
 �<@ 
�^/ 9$'@ �=�(:%$� ��:J�% P,L'/ �@ �5�!�2 �%� .4
$+<	$ �@

 ��` 9�8�) & q!= 9��?�,%2 M��1 �<� 4
$+<	$ �5 �<@ �<? !<@�

  1$!<�$ 45�<? & !<
!3 1�<	 !<_�� 4
$+<	$ 1$ �<=�� P,/'/9

\���@�%�5 . 1$!�$9�<�$� 7,(��<,� '
&�N</ 1$  ��Z:<%$ �<@ �<5
TEM '@$'@ |�[
'�/ nmDB �%$ . 6<
& ��&��� �
��� �(:�@$&
 8a� &���^� ��&����T� �
���  ':�- �� �5CC�/KABB M�#� 

�� �<��^� �<? !<5� +<�	 �$e<- 9$�$� �<5–���<%��� !8:�<5 .&�
 ':�<- &� �� �<�&��� ��<:	� q&�Z:� ��?&1�%9& ;�<@ �
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9�<<�� 7,
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'<<o 7
':#<<,@
 M$!,� �� ��&����T�8a�Tb/E<�	 �$e<- 9�<�� M��$',) &+–

���%��� P,L'/ 9$'@ AMnOA/BCaC/BLa '<@$'@ �Ah%<@��<%�
!�2 .

��#2�/G 
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