
)����� �	�
��:��/�/����
��� ���� :��/�/��(

÷

��������	
� � ������� ����� �
	�� ������ ����� �������� ����� ��� 
YBa2Cu3O7-x 

�� !��"�#�$*%&��!� '�(�� )�* +

��� !
  �"# �"# �$%&' (�)*� � ��
�+ ,-./ (01*� � �2
34	 (5!6 
����7�8 (�)*� � �9
34	 (01*� � 

,"
	- :��85:�; :  �1
 �
-.#5� <�= !44>? �.' @17���*8�� �� �-.A�8 �;�= �6B
5<�= � -� "./ �� "�� @C��� :  �D �A E-A!� 
�� ��F*A�5� .�;  (07 �A�H �8�� ��7 �A-1�4� <-# 38 !� �
-.#5� <�=:!�YBCO  ��
!I ���)J K
 3	  LI-� �8 0&$�=

�� �� !MA0�-7 .N�A <��� <���;�!A  �FOP ��-F� 5 Q �R -��� (YBCO) YBa2Cu3O7-x A(��S$;  �3
� 5 �4�? 0��I ���P T5� : 
��$U�;�D�-���4.
5 <�=� �-F� 5 0�-$
� K
N�+ T5� :  (��S$;  �A �=�V�=0�07 �;�!A .K=5B+ W
  ����� !MA V-X Y�4�� < !A 

�
-.#5� �P -� @41*? �50P ��� !$�-��� ��5D!A ,:N <Z!�  :-&= "$�4; 0P W
  �? �8 07 W
  !4[ �� 5 �� �  � �=-.#5� @41*? < !A
 Q�-' �A  � <Z!�  "$�4; Q�-' ���*8 K�!8�� �)� �-U ���� �.(0�D �;� �A Q �R-��� ��-+ YBCO  �� � < � � 3
� ��4�A <�=

 !$�-��� (� 0&J �50P (: 0�  �A�;  .\
�$�(0�D!A�-���4.
5 <�=� �-F� :  �(0&=� ��*� V�=5� �P -� �-]P <��-F� �� �
-.# <
�FOP��; -��� �8 ���P �� Q �R(: 0�  ��-A !$1J-8 @4�0A (07 3$&; �� � <�=��
-.#5� �P -� 0#�	 0&$�= ,�O�  Q�^;�M� �A �8 

(07�� � �� -�F= .5 �
-.#5� �P -� @41*? �)�-)J _4#� @4.M? �D ��%A  V!$&8 �=�X��-F� �U�; <�=YBCO�� �A 0� -?
!I �-^�A(!�A K
 3	  �O4$� �� 5 �� !MA ��
��-F� �$%&' <�50��O��4A �=.

,/���"
�0 ��1:�
-.#5� <�=:!�`���;�!A  Q �R -��� `0�-$
� K
N�+ T5� `�-���4.
5 <�=� �-F� –V�= .

��"2� 
V�; ��!4U  <�=�Q �R-��� �.FI :  -��� Y�4�� �� � -� �!A��8 
���;�!A  �= �I-?<��4�A�;  (�!8 L.I �-U �A  � .�A �I-? �A

 !A -��� Y�4�� �A �5�5 �1&
 �6B
5 <�= ���4X�&>� ��1
!$1� 
5 <�!A !? ... � -� :  <��4�A!H ���� � �07 �
-��� �A ��� b6 -

K
 3	  5 ���;�!A  <�= �^���� ��c$�  W
  �"OP �A de; �5�
 �8�6B
5<�=��� !MA <��� �.FI :  �
���;�!A  ��
!I ���)J 

�� � :!� 5 �� !MA? 34� �=0&&8 !44> .�	!X : ��8�O�D :  V-X 
�^?!� :  34� �;50F= !$�-��� <)W4A��� !$�-��� Bi-2212 5

f�� !$�-��� YBCOW
-.8 !S' <��� �� (�;  (: 0�  V!$&8 
Q �R�X�U�; H �� � � -� W
  �;0&�� �� ��I-? @A�# !.

!A  <�=��-+-��� : �� ���;�5 ���;�!A  <�=� -� �U�; �� � -? 

"4; W4&gF=�!8 (��S$;  ���;�!A  <�= ]�.[: �1
 ��5
�j1*�D <!46��1A �� ���;�!A  Q �R-��� QW4
�+ ��=� -� �� �=

 <��$U�; �	�A W$7 0� @4�� �A �� !MA ��
!I ���)J ��-A
�;  ]�.[

W
!? �$�I!A �.FI :  �
-.#5�3
�<�=��$U�; �� !H-� 
��7 �A-1�4��; �A !O&� �8 �-^�A ��
!I ���)J �� �� !MA

<��� 77 K ���-7 .�=-.#5� �.8 �-X �A � b6 �X 04�-? :�	
��0�-7]k�l[.�
-.#5� ��$U�; m# 5 ���O4$� :�	 ��-6!6� 
 ��+���*8)��$U�; 9
�7-6��J 5 N�A <��� �� � 0
�+ 

�B4�n  "n �c.[ (5!	 :�	 �A��*8�)��$U�; 9
�7-)$; � 
�B4�n  ��
: �c.[ 5 W4
�+ <��� �� � 0
�+ (�;  @4�� �A �8 

K&? 2
 ��O
  5 <:�	 @
0^? �X �1^7 �$U�
 "OP !44>? 
∗WS.? �V-o�� (0&�
-�:pqrstrlupsu�14�5!$1�  ��+ �:mohammadi.m@qut.ac.ir 

5 ��4A V�;"$S= ���A �V5  v��F7 ��wxMS' :  �����?�f� 



���
-&7-U �<0FM� � !
  �;�&7 ���8 5 �;�&7�-.A �.O� ��f

�� �7!A �B4�n  �C3I ��*	 !44>? !H  @17���!46 .��
"$�4;YBa2Cu3O6+x�Q�MS' V-X �� �
-.#5� )yyp (

�A E-A!� K�!n � !^I < !A@
0^? <Z!�  K=�n ��I 5 :�	 
0=� �� z� "$�4; � :D .L4n!? W
  ����7-6��J :�	 @
0^? 

�A�A �7-)$; ��� V!$&n �B4�n  � 0�� �-7.
K&?���*8 <�= ��{5V��O
  �=-.#5� �|N-F%� : }+

��O
  �=-.#5� N�A <�=��� �� K=�8��0&A�
.�;�!A ��*� �=
���8 0=���-F� W
  ��$U�; �A 5 0&$�= -.#5� Q07 �A �=

 ���)J �A �
�=��$U�; ��O
  5 �=-.#5� W
  "8 !? K
 3	 
-.#5� �
N�A���
!I ���)J �� !MA K
 3	  ��0A�
]��f.[

W44%? ~
 !7 @17�-^�A �� �=��$U�;3
� W
  <!46
�6B
5<�= <��O? <� �!A (!�A < !A ��4X�&>� 5 �1
!$1�  : 

�� !c� �A <�5!� � -� W
 0;� .W
  ���K=5B+ 5 Q �R-��� 
��8 ��-F� <���;�!A  < YBCO07 �4�? .�4F=  �A �I-? �A

 �� �
-.#5� �P -��6B
5<�= �
���;�!A  �A(B
5�)J ��
!I ��
�� !MA�O&
  �� �< !A��A W4$��� �� � :!� (: 0�  ���$;D �=

07 �^;�M� �
-.#5� �P -� @41*? < !A .W
  �-]P }�;
��-F� �� �P -� :  (��S$;  �A �FOP 5 �
-��� <�= T: !A

<�=-)�  T !+ <-?!+X�-���4.
5 <�=� �-F� 5��;�!A V�=
07.

�0 3� 
��4� ��T5� � -�  <�= Y�4�� �� � -� �4�? < !A (07 �$U�&7 

T5� :  �1
 0��I ���P T5� �-��� 04�-? �� ,-;!� <�=
�� �-�M� ���;�!A  <�=��-+�-7 ]�.[W
  �.'  ���*�

�;  �
��!6 <Z!�  <�I �A �14��1� <Z!�  :  (��S$;  T5�`
K&8 5 ��  !
: < !A <��
: �
��!6 <Z!�  0��I ���P <�=

@17L48!? <!46�;  :�4� ��-� .�6B
5 !)
� :  W
  <�=
�� T5� �A � -?�&
3= 5 W4
�+ <��� �� K&8 5 ,�O�  �W4
�+ 

�!8 (��7  -��� (: 0�  �� �
�=��-+ 04�-?.
W
  ���K=5B+��-F� 5 Q �R-��� �FOP <�=

<���;�!A YBCO  5� �X 0��I ���P T5� :  (��S$;  �A 
0�07 04�-? �.P!� .� !
����  0$A  �4�5  � -� :  L;�& Y�; !A

 <!�&/ L;�&?<��� �� }�; 5 ���$�  oC��� < !Aw
0�07 �&4�.8 �/�; .�.P!� ��0%A <���-F� ��� ��F= �� �=

 < !A��/�; ����*	 �A �B4�8  ~4M� ��/�$	!6 � !# ��A 0&
�A �D :  }+ 5�&=D 10 oC/min <��� �? oC��� 2&U 

0�07.
��-F� �$U�; <�= T !+ �.4;-A <:�	 �-c&� �A (07 <-?!+X

0�07 �;�!A .@17yT: !A �
�F� (07 T !+ <-?!+X�A 
�
-��� ��-F� 5 �FOP ��-F� ��?  <��� ���� ��*�  �0=�.�A

�
�F� T: !A 5 K
N�+ �-c&� ,!� �$�A :  T !+ <�=
<� 3	 “GSAS” )0�-$
� K
N�+ T5� <�&^�!A (07 (��S$;  

]u.[< !A���� �-c&� W
  : �7�� T !+ �
�F� <-?!+X�
�5!?5!1&4; m*%*? �
 5 �5!?-� �60&8 !+ � 0%? Q�-' �A

�
5 : L�P!A �60&8 !+ Q07 � 0�� <��
: �60&8 !+ <mFI
�� <�5D �;�&7�-.A Q�/jX  �A �I-? �A 0%A �.P!� �� 5 �-7

��-F����*� �<�=T !+ �&	 5 \&;(� �<�=<���D �2

��4�? V0� �
�F��7-�.�� �-I-� <�=!$� ��+ K
N�+ �A }�; 

(� � W4A W1F� T: !A W
!$�A �V0��A!O? <�= �;0A V0� 5
���� (� � K
�F� <� �-F� Q�-�A �O4$� 5 0
D�-7.

(07 �^;�M� �
�F� ��A!O? T !+ �
�F� @��7)V0� � �-F� (
�� (� � ��^e�  T !+ �
�F� !A �8�F�# �� 5 �-7 ��D W4
�+ 

:  � !M�  �-U T: !A 2
 �� V0� 5 �A!O? �
�F� ��4� Q5�S?
�;  �&4F8 �&4�: ~U.

�7-)$; � ��$U�; �A <:�	 2? Q�-' �A K
N�+ ��O&
  ��
 �
�]	 (5!6 5Pmmm07 ,�O�  .�
�F� �;�!A 5 T !+ <�=

�D T: !A�� ��*� �
-��� 5 �FOP ��-F� �� �= ��-F� �8 0=�
U |j��8 �= <���;�!A  ��$U�; 5 0&$�= ���YBCO :�	 2? �A 

�;  (07 @41*? �7-)$; �.
��-F� < !A K
N�+ :  }+ �1^7 <�=!$� ��+�FOP <

a = 3.81 Ǻ�b = 3.88 Ǻ5c = 11.67 Ǻ��-F� < !A 5<
�
-��� Ǻa = 3.82�b = 3.89 Ǻ5c = 11.67 Ǻ�;� �A 
0�0�D ."?  ��1��� 34� K
N�+ :  }+ �= V50I y(07 �'jU 
�; .

�
�F� ���.# �T !+ <�=<�=(013)  5(103)  ��-F� ��
0�07 �;�!A �FOP 5 �
-��� .�.# W
  �607 0I @4�� 34� �=

�.# W
   !
: �;  �7-)$; � <���;�!A  :�	 @41*? !A <!)
� �=
0&$�= _^e&� "= !A �7-6��J <���;�!A  !4[ :�	 �� .W4&gF=

 :  ��&4FX  < !A��-F� !A 34� !&�
�� !H  ���;�!A  :�	 @41*? �=
��-F� �8 07 ,�O� �� ��*� �A-U �A  � !H  W
  �=0�� �.

���;�!A  Q �R-��� (: 0�  ~;-$� YBCO �eA � :  (��S$;  �A 
W4A �!7r��?lp��-F� �� Q �R (: 0�  W4&gF= 5 !$�-��� 

�FOPlpp0�D �;� �A !$�-��� .



0.I��(��F7 �����A ��k�w ���$;D ��-F� Q �R -���5!14� �� �
-.#5� �P -� @41*? <��%A  <. . .���

�	)4-?!+ T !+ (07 T: !A �
�F�X��  (� 5 �
-��� ��-F� (�FOP ��-F� .�(�.# <�=(013)5(103) �
-��� ��-F� �� .

�



���
-&7-U �<0FM� � !
  �;�&7 ���8 5 �;�&7�-.A �.O� ��w

5�"6 $"?  ��1� K
N�+ :  }+ �= .��-F� �A E-A!� !
�����;  (0�D Vj= 5� �� �;  Q5�S$� �FOP < ��-F� �A �8 <�� -� �� �
-��� <.
zyx!�&/ 

s/p�/�s/pY

)��/�(�w/�s/p�/�Ba 
���Cu 

)k�/�(kf/���Cu 
k�/��s/pO

kw/�s/p�O

)��/�(�w/���O

�s/p�O

��s/pO

�1����� �
	�� ���� ���� ,��"�� ������ 7

�� 

W44%?K&? �8�1e' )S(���-.A @4�� �A �=�@1*��-A 
W44%? �8 �I��U K&? �/�A �07 !=�� ��� �=-.#5 �-7 �A
�^�� �;  (04g4+.W
  ��  � �4F8� -? Y�; !A � 0��

�� !MA ����� �
-.#5�(hc)��5D �;� �A.hc�A� -&/ 
�����<-.#5� Q�MS'<: -� �� �
!%? ��-7 ��8 �8 ��

!A !A <�=5!4� �8�1e'  �1^7A!�
�I �A�I�
-.#5� <�= X�
�
 �: -.#5�,�O�  ���-7A !A !A 5�<Z!�  de; 5�:!� -.#5�

�; .5� W
  :  �-.#5� �
N ����� �8 ���)&= (h) :  !$F8 hc

07�A�� 0
0+�� -.#5� �
N �A �8 ���P �� �-7h>hc�=-.#5� 
� 0
�+�;  .(: 0� S!
: �eA � :  � -? ��  � �!8 ��5D!A 

�D �� �8b�:!6!A � �!A (: 0�  a�MS' W4A �.'�	 Q�MS' < 
�5 �
-.#5�;  �
-.#5� :!� <Z!�  ]�[.

�� �
-.#5� < !A �.$�� m� -� W$	!6 !c� �� �A�-.A�� �-
� -?(!$�6 S � �1^7 �� �p�?spV�1;�+�)� �!8 ��5D!A 

]��[.(5j/ �A��/-FO� <!46 (: 0�  :  <  <�=K&?  �:-.#5� 
��YBCO mI!� �� V��� < !A ]q[7 <�5D mFI �8 �;  (0

� �D ��� 0� K&?  �:-.#5� yp�?ypp �^;�M� V�1;�+�)� 
� 0�� �A �8 �;  (07S�� � �A-U �� -�F= .W
  ��.8 �-X �A

�;  (��; Q 3.	 < !A �1^7 ��1e'  :  !$6�3A � 0��� !
: 
�A�I :  �8!P :  T!+ �A ( !F= �1^7 �� �
-.#5� <�= �
�I

"? �;  �B4�8  <�= ]��[.A�&A ��4�A <��� �A �)$�A 5 W
 !

 <34?< !AS�� ��c$�  �5� .!
: <��� �� �8 �;  (07 (0=�*�
�pp� !)4$��; �I�� ��
 �:-.#5� YBCO�;  W1F� !4[ 

]��[.��� W
  �� !=����� S�
��� ��5��� :  !$*4A �-.A��-
�-7 .�� !MA V-XG��  � � 0
�+�� <�=-.#5� ��O
  < !A � -?

Q�-' �A !
: �!8 ��5D!A ]�k[:

�� !MA V-X 5G�;0A !
: �eA � :  �
-.#5� W$7 0� < !A 
�� 0
D 

�D �� �85 �7!A V50� �A ( !F= �7!A K�!8 � b6 :�	 
�; .

W
 !A�&A���)&= ��8�eA � :  �� !MA V-X �;  )�(
� :  Q�-' W
  !4[ �� 5�eA )r(�� �;� �A 0
D .!c� �� �A

 �7!A V50� 5 �� 0��$;  !
���� W$	!6sqV�1;�+ �)� ]��[5 �
�
-.#5� :!� W4)��4� <Z!� mJ/m2ts �_4#� !$*4+ �8

(�!8 �^;�M� "
 ]yq[L4?!? �A �� !MA V-X��s5rls 
�� �;� �A !$�-���0
D .W
 !A�&A��-F� �� ���D �� �8 �
-��� <�=

�� � (: 0�  :  !$F8 �=��s�F� �;  !$�-��� �P -� ��c$�  � -?
�7 �  � �
-.#5� .�$^� �&$S6 ��4�A !
���� �-&8�? �8 �;  

$�(!$�6 �� �?5�S <py/p�?mJ/m2yppp< !A :!� <Z!� 
�;  (07 T� 36 �
-.#5� ]����w[!
���� LI-� !�  W
  �8 

A�?5�S$� ��4�< !A�;  (07 �
-.#5� <�=:!� <�&�+ .



0.I��(��F7 �����A ��k�w ���$;D ��-F� Q �R -���5!14� �� �
-.#5� �P -� @41*? <��%A  <. . .���

<�=� �-F� �
-.#5� �P -� @41*? �;�!A �-c&� �A
�-���4.
5–V�= )H-W (��-F�(� � :  (��S$;  �A �= <�=

 �.4.M?(0�D!A ��?  <��� �� T !+ �
�F� T: !A 5 K
N�+ :  
}+ �604&? 5 :  ��HD�.# < !A \&; T !+ A�e� 5 �U�7 <�= _

W�+ V0� �A07 ";� �!)���F= �607 )�1*� E��� �� @17
�.(�53	 �D !A ��.# <�&�+ �U�7 <�= !4[ V0� :  (��S$;  �A

 �!)���F= �;  (07 �^;�M� 34�)3�!# E��� �� @17�.(

�	)+� �-F�H-W��  (� �FOP ��-F� < !A (�
-��� ��-F� < !A )B5 �607 W�+ theta
5 : �� T !+ �07�A(.

�� 

�



���
-&7-U �<0FM� � !
  �;�&7 ���8 5 �;�&7�-.A �.O� �f�

 LI-� \&; T !+ (�)$;� "= 5 ��-F� �-U "= �8 �;  �&$S6
�.# �607 W�+�� T !+ <-)�  �� �=0�-7 .<�=-)�  �1
�-eA

(07 (0=�*� T !+ :  T !+ �604&? "=�� :  �7�� ��-F� �-U
5�;  (�)$;� ��HD .W�+�.# �607 �-U :  �7�� T !+ <�=

8�� ��-6 != �O4$� ���-F���$U�; �� �.�� �;  �D .�5� W
  : 
��-.A "4��? �=)��-F� ��<��-+ <�= (��$U�;3
� �P -� �A

�)$	� �� �.4;5 �A �
-.#5�W�+ �A !O&� <�-.A Q�MS' <�=-
W�+ !A �53	  �607��-.A (: 0�  :  �7�� �607�� �=�-7 .: 

W�+ ��	!X �	��  T !+ <-)�  �A 34� K�!8 :  �7�� �607
���-7 .W�+ �8�O�D: : �7�� �607 W�+ 5 K�!8 �7�� �607

�� 0&$�= �60&8 !+ �
5 : :  �?5�S$� mA -? �= ��-.A (: 0�  :  -
T5� �A  � !H  5� W
  � -? �-���4.
5–V�= �!8  0I "= :  

]�p.[W�+ �8 �;  �&$S6�607 (: 0�  5 K�!8 �A E-A!� <�=
��-.AF= <�&�+ ��  � �-U ��HD �=�.# ���*� �7 !+ <�=

��W�+ �-� W
  �A W
 !A�&A 5 0=��607 �=�!)���F= �$S6 
���-7 .�eU <�=� �-F� ��H-W �!/ 5 L47 :  (��S$;  �A 

�� �0^� : W�+ �-� 5� W
  ��HD � -?�!8  3O�  � �607 .3
� �� 
��I �A �$�A �=��$U�;�� ���D <�-.A 07� <!46 �/�A 0&� -?

W�+ 2
07�$; � �� �	��  �6�.# �� �?��^/ �A �
 5 (B
5 <�=-
!.4� <�= �U�7 �A �
�=(hkl) (B
5 0�-7 .W�+ �)$�A 5 W
 

�607�
�F� �A �= !.4� <�= �!)���F=���� (04����-7.
�� �8 ��&J@17��� (0
� (07 �^;�M� <�&�+ �-7 <

�.#)ypp (V0� ��c$�  ��-� � 0�� :  �FOP ��-F� ��
=���P �� (�-A !$*4A �!)���F�.# <�&�+ �8 <�=)yyp (5
)yy� (�;  �!)���F= V0� :  �7�� ��c$�  ��-� � 0�� :  !$F8

 Q : -� �A �
-.#5� <�=��$U�; 3
� @41*? V0� �A !�  W
  �n
 Q�MS')yyp (�;  �&=�F= .�/�A �=��$U�;3
� W
   !
:

��-.A "4��?�� <!$1J-8 �P -� �A �=8 0�-7 �5�&? �
<�$; � �� ���D <�-.A Q�MS']ypp [�� K=�8 �O�D :  ��  0A�


 Q�MS' �A �^�� �=��$U�; 3
� W
  �8)yyp (�&4CD ����? < 
 <�$; � �� <�-.A Q�MS' �5�&? �0�� �]yyp [��-.A �F= ��

�.#  b� 5 �$	�
 �� � 2
��A T !+ <-)�  !��&$� <�=�� !? 0�-7
]�y.[

 �-F� ��	!X :  <�=�H-W W�+ �4= <!$�-��� ��-F� �� 
�F� ��*� <�!)���F=!4[ �607 0&=�)@17�(,0/ �8

 �� !MA 0P :  !$1J-8 (: 0�  @4�� �A �
-.#5� �P -� @41*?
�� ��;  "$�4; W
  �� �=.

��-F� ��$U�; 3
� 5 ��$�
� ��5!$1�  �-1;5!14� ~;-? �=
 �*A5�)SEM (07 �;�!A 34� .@17r!
-�? SEM��-F� �=

�� ��*�  ��� ��c$�  �8 ��&J �8 0=� �� <!$�-��� Q �R ��	�
(0=�*� @A�# !
-�?0�  .�� � (: 0�  ��-A 2J-8 @4�� �A �=

(0*� @41*? �
-.#5� 5� �P -� Q�^;�M� !A <04
�? �8 �0� 
�;  (07 ,�O�  .

�
N <�&�+ �8 �;  �&$S6 �	!X :  L.[  �
-.#5� <�=
0�  �A �)$�A�� � (:  T: �!+ �A ��-F� �U�; �X �8 �� � �=

�� �=!$� ��+�!8 V!$&8  � �D (: 0�  � -?.
��  � :�	 � b6 (07 04�-? �*�!8 <Z!�  ��-� <Z!�  �A � -?

�-F� V��%$� �
-.#5� <�=:!� @41*? < !A :�4� .V��%? W
 
(� -
� W4A ����%? �.'�	 ��O
  �A !O&� <Z!�  �
-.#5� <�=

��7�-.�;0&���� � :!�-.#5� <�= !A �
Y�;  �!	 W
  �8
<Z!�  �A <:!� K
 3	  �� K=�8 ��-F� �B4�8 0A�
 )@4�� �A 

�+5!$�D �^��(�A !O&� �;  W1F� ��.'�	 K=�8 �
-.#5��=
��
!I ���)J K
 3	  5�� !MA0
07 �A-1�4� 5��7�-7 .: 

�5� W
  (: 0�  K=�8 �
-.#5��=���;�!A  <��YBCO  < � � 
�4F= < !A <��4�A 04�-? "4; �;  � -� 5.

�� ��*� K=5B+ W
  W4&gF=T5� �8 0=� �$	!*4+ <�=
 5 0�-$
� 0&��� �;�&7�-.A ��W-H �=��$U�; 3
� �;�!A �� 

�� 0&F7:�  ��4�A0&7�A.

8)���� 

<���;�!A  �FOP ��-F� 5 Q �R-���YBCO ���P T5� �A 
0�07 �4�? 0��I .0�  Q �R (:  ���D�
�F� :  (��S$;  �A T !+ <�=

<-?!+X0
�!6 �^;�M� .(5j/ �A��A �
-.#5� <�=��$U�;3
� 
:  (��S$; �-���4.
5 <�=� �-F� ��;�!A 34� V�=0�07 .���$;D
�� � (: 0�  ~;-$� �-X �A �
-.#5� �P -� @41*? < !A �=��s 

0
�!6 �^;�M� !$�-��� .-F� �� �
-.#5� �P -����
-��� <�=
(: 0�  @4�0A�� � 2J-8 <�=(0
� �A �8 0*� ��5D!A (07 ,�O�  

�� � �� -�F= .5 �
-.#5� �P -� @41*? �)�-)J _4#� @4.M? 

�D ��%A  V!$&8 �=�X��-F� 3$&; <�=YBCO�� �A 0� -?
(!�A K
 3	  �O4$� �� 5 �� !MA ��
!I �-^�A �$%&' <�5

��-F�0��O��4A �=.



0.I��(��F7 �����A ��k�w ���$;D ��-F� Q �R -���5!14� �� �
-.#5� �P -� @41*? <��%A  <. . .�f�

�	)9!
-�? SEM��  (�
-��� ��-F�)N�A (� 5(�FOP ��-F� .�� �
-.#5� �P -� (07 ��*� ��14+ �A �FOP ��-F�� 0.

���:6
[1] Paturi P., Raittila J., Grivel J.-C., Huhtinen H., 
Seifi B., Laiho R., Andersen N.H., ”Preparing 
superconducting nanopowder based YBCO/Ag 
tapes”,  physica C 372-376 (2002) 779-781. 
[2] Glowacki B., ”Texture development of HTS 
powder-in-tube conductors“, Superconductor 
Science and Technology 11(1998) 989-995. 
[3] Khoshnevisan B., Ross D. K., Broom D.P., 
Babaeipour M., ”Observations of twinning in 
YBa2Cu3O6+x, 0 < x < 1, at high temperatures”, J.
Phys, Condens. Matter 14 (2002) 1–16. 

[4] Hilgenkamp H., Mannhart J., ”Grain 
boundaries in high-Tc superconductors“, Rev. 
Mod. Phys. 74(2) (2002) 485. 
[5] Campbell A.M., Evetts J.E., Dew-Hughes D., 
”Pinning of Flux Vortices in Type II 
Superconductors”, Phil.Mag 18(1968) 313. 
[6] Rouco V.,  Palau A., Guzman R., Gazquez 
J., Coll M., Obradors X., Puig T., “Role of twin 
boundaries on vortex pinning of CSD YBCO 
nanocomposites”, J. Mater. Res 4 (2006)795. 
[7] Choy J. H., Choe W. Y., Choi Q. W., 
”Preparation of 90K superconductor 
YBa2Cu3O7−δ via oxide precursors BaCuO2 and
Y2Cu2O5 “, Mat. Res. Bull 24 (1989) 867-874. 
[8] Young R.A., “The Rietveld Method”, Oxford 
Science Publications (1993) 



���
-&7-U �<0FM� � !
  �;�&7 ���8 5 �;�&7�-.A �.O� �f�

[9] Boyko V. S., Garber R. I., Kossevich A. M., 
“Reversible Crystal Plasticity”, AIP, New 
York(1994) 
[10] Boyko V. S., Chan S-W, Chopra M., ”Shape
of a twin as related to the inelastic forces acting on 
twinning dislocations in YBa2Cu3O7−δ“, PRB 63 
(2001) 224521 
[11] Dorosinskii L. A., Indenbom M. V., Nikitenko 
V. I., Farber B. Y., ”Kinetics of the changes in the 
twin structure in YBa2 Cu3 O7-x single crystals”, 
JETP Letter. E 49 (1989) 182. 
[12] LaGraff J. R., Payne D. A., ”Oxygen 
stoichiometry and mobility effects on domain wall 
motion in ferroelastic YBa2Cu3O7-δ”, Ferroelectrics 
130 (1992) 87-105 
[13] Arlt G., ”Twinning in ferroelectric and 
ferroelastic ceramics: stress relief“, J. Mater. Sci. 
25(1990) 2655-2666. 
[14] Zhu Y., Tafto J., Suenaga M., ”Defects in 
High Tc Cuprate Superconductors “, MRS Bull. 16 
(1991) 54-59. 
[15] Roy T., Mitchell T. E., ”Twin boundary 
energies in YBa2Cu3O7-x and La2CuO4”, Philos. 
Mag. A 63(1991) 225-232 
[16] Boiko Y., Jaeger H., Aslan M., Schulze K., 
Petzow G., ”Elastic twins in YBa2Cu3O7 crystals”, 
Mater. Lett. 11(1991) 207-211 

[17] Chumbley L. S., Kramer M. J., Kim M. R., 
Laab F. C., ”Estimation of twin wall energy by 
measurement of twin spacing “, Mater. Sci. Eng. A 
124(1990) L19-21. 
[18] Mohammadi M., Khoshnevisan B., ”Effects of 
K and Ca doping on twin boundary energy of 
cupperate superconductors”, Physica C: 
Superconductivity and its applications 523 (2016) 
5–9.
[19] Mohammadi M., Khoshnevisan B., 
Hashemfar S. J., “Twin boundary energy and 
characterization of charge redistribution near the 
twin boundaries of cupperate superconductors”, 
Physica C 507 (2014)41-46. 
[20] Williamson G.K., Hall W.H., ”X-ray line 
broadening from filed aluminium and 
wolframL'elargissement des raies de rayons x 
obtenues des limailles d'aluminium et de tungstene 
Die verbreiterung der roentgeninterferenzlinien 
von aluminium- und wolframspaenen“, Acta 
Metall  1(1953)22-31. 
[21] Jorgensen J.D., Shaked H., Hinks D.G., 
Dabrowski B., Claus H., ”Oxygen vacancy 
ordering and superconductivity in YBa2Cu3O7−x”, 
Physica C 153(1988)  578-581 

 


