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 افـزودهTeيبا درصـد وزنـ  0.25 (Sb2Te3)0.75(Bi2Te3)نير ساختـار بلورييتغيبررس
و ارتقاي عدد شايستگي بلورXRDو AFM, EBSDيلـهيبه وس

اي اشكان كاوه،ي، كامران احمدياقاسم كاوه

��� � ����  �!"#�$%&'�( �)�*�+)��#�#��,�% -�./0 12223�1���4���5 �.
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����(Bi2Te3)x (Sb2Te3)1-x �( x�B��*C,� .�D	�
�7�A� .0�� 'Bi2Te3�����7B �� )Bi–Sb–Te�7* �7E@ ���7!F 4�D)?7��@

�GH� (�� '#�I �� .#�� �I
��(��5 �*C5 JGB K)�D	� �����,L�� 
�M '
B J*�,=�� '��7B� '#�I � NG
7=��7��O ��
7����7P .
4��D	�Te ��A� .0�� .@ �5 %R#�A�(�(η)�,=�����5  ��� �!,�
�P �.S �
��� �� 
=��� T�( �� ��7( .7B��(��7#)��,U�7B )�7
K

I�5*��G� � ��( �� JTe �5�% V��%  �!,B� �(  ��D	� X�4��,L�� V��% � �  ./W��% X% )�#*� Y�=B��=*��3+5��Z�[�� 7P..7B��(�
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��,U�Bb�LGP )5� K!+#:يديكليهاواژه^ �b�*� Y�=B��=*��3+5��(AFM)b4��,L�� V��% �% )�#� ./W��% (EBSD)��(��5 �
(Transport).
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 ��I }B�\ �)� 4����I ��W 4�LP� �).+@� )���I � �B�/P��:( �:[�4��
� �B�/P � �z�

 ���,B� � s��T]dr[�( �( 4�D	� *I�5 4��I �/*�� J
���)��( -�5� )>�� p9���	 �( (Bi2Te3)0.25(Sb2Te3)0.75 �( 
R%�A� �Te �0.05%��A� Ge ��.�� '
�D	� Z�5 �� 
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� T�( �����( .
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���D	��Te T` 4��/S �(
�5  ./%R�A����( )�( �(�*,B� 
�O$
��,=�����5 )�#
=��(*B��( ��/�P�B�  ..��,U�B

 �!,B� �(  ��D	� ��:5 ��G� � ��(��  .P ?*L"5 K
��:(�#)
�5�% V��%X(XRD)�4��,=�� V��%�#) ./I��% X% 
(EBSD) � �*+5� Y�=B��=�"(�� �(AFM) D[5
� �

:;5* .P ?.�� .�� )�U`  �!,B� �(I 4��5*E*.P� ��:( �
�,	�
*� � .P� )�,B�� ��DDC� �5 �
�� A� ��I x�"� �n�� �nB.
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��-
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=����O ��
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.P .�,�
� 4�"� ��.#� 4��D	� �( ��:( ��,U�B x�� �WTe�5 
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 كارروش
P7�D8 ��*7�5 j�*7�)�5J*W(Bi2Te3)0.25(Sb2Te3)0.75 ��
��7� jT�
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=��( .���� 
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=���A��� �( )+*P *��

(Bi2Te3)0.25(Sb2Te3)0.75����c� ��.�� �( )P*+*��
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� D5���I ���� �/% �� �  ��W 4A� )
� l�^
��( }*,�)4��( T�(I*E*�( ��:5 4` �( ���+� �
�#.0��)�A� ��5 �E0 A� j��E,� R�A� .0 ���Z�O �( �#)


.0�� N)��( �5  ��D	� )�:@�� Z�[�� ).c( )��P  ���` .
�����,�( �pU  �!,B� �( �� �#��510-5Torr:�5 ��# A� *� �

��( �� ���` X�B)X%#����� �5 A�O )250°C��I Z�O 
� }
���O �( �,�( �� ���` �B�)j��0 �( Z�.I�# �I 
�� 9���` N

.�.�` .��`9� ��I �� �� �#�#)�
 $�)��� �5 �  ��� ���\ )
700°C ��� �5  ��W Z�O �S�B <
 j.� �( )l�^ 4` ?U�� 

��P .��� }# A� � �0�/S l�^ �n�� �� 9��c5 Z.S �:S �(
l�^ ���� 4��( Bi = 271.3 °C Sb = 630.0 °C  

Te = 449.5 °C  9���` ��� �� �#
B N*��B�� },���(tg
4�B��\� ��*�5  ��� ���\ �� A�.O)� ��P  �A }�( op��I 
 ���)�,=�����5 
=�/!+# �.
` �B.( .9���` ��  ��I A� �� �#

��@ �"5 <
 �� �  ���`)��� �( K��� )200°C�S�B �( 
��# �� �� 4` X�B �  ��W ��B)��� �( ��A` )-�5� .��B�
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.:8�� ��+P ������( �{�� K
��:( ��7,U�B �**C5 �B��((Bi2Te3)0.25 (Sb2Te3)0.75 �(. . .�z�

13mm.h-1��� �)��n/� )^l�700°CP �( ��:( 9���` �*J
����
5°C min-1� ��B ���P .�B�/P ���� �# ���
ZAT 

�( ��:( )A�	 � )��,U�BXRD .P Z�[�� .j�Spv� 4` �( 4�D	�
�( �(  .P ?*L"5 )�#��:(��L*�O��I*�)�����B )V��% 

4��,L��  ./W��% X% )�#(EBSD)G��8 )�#�D(� A� �W �
���,L�� �LB��L*� �"(�� �)SEM (.�` �B� �( �B� .

A�  ��E,B�EBSD����( .���5)��:( A�	 4��I x�"� 
K
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��@ �� �.P�( .*E�  ."� ����5 �I 
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� 

.���.� �� 4�L��.
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� �I
T�( �\� �( �� �nB ��,U�BD
� � ���
c5**� K�./I
]ka[.(��)���+� �#)�,=�����5 
=��� ��� 4��( ��5 �:S �( 
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.�(�/*+W .��B� ���77+� �( )����( �
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.B�� .�
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� �� 

NC-AFM) (��  .*��� D*��:0�	 ��P)K*( �
A���%D ���+� �
�B�+5  �*P �( �G��(AFM)�B� �,O�D( �(��(  � ��.@ .

 �!,B� SPM � ��  .P  ��E,B�
K'#�$%(Solver Pro, 
(NT-MDT Ltd., Moscow, Russia))P �� * �NC-

AFM ��
A���%D"(�� �4` ��  .P �,	�O ��=( NC-G01S 
��( .��5 )��(
����(�)����,B� ���+� �)�\�F �( )@��8 �A�

� �� �( ���*�*���5 � .P  ��� V�( ����,B� }
�NC- AFM 
.�.P �,P���( V�( �n��A�.
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��()O�:8 *�)�#��*( A� �#):% � 9�& )�#�_� A� ?0�@ *��,
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��_ N*Z�[�� �
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V
T

α ∆
=
∆

c5 **K.P.�V��T�J*5�5 �( A� ./5��GS ?*���,% �p,U�
 �� ��� �p,U� � �L
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�,=�����5
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و بررسينتا يج
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 ��� )
<
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�

�B� .�+BO*�)�#)8�5 *;��
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I�5 K*J
�,=�����5
=�� 9���	 �( 
 $)(Bi2Te3)0.25(Sb2Te3)0.75  �( �

4A�  �!,B� �(  ��D	� ��:5 j��E,� )�#XRD.�.P  ���A` .
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��A` K�:\ )�8 �� �
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� 4�"� ��  ��D	� }�.#�.
.��
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Sb2Te3 , Bi2Te3�Sb0.405Te0.595 ./,�# .�`* D�)�,� A� 
�
EBSD  ��� ��#)XRD��Gc5 �� .���5*�,� �
E� �*�( � .
4��/S
��( ?+L� ��L#�� N)c5**	�c� �#��,U�B ]*\� K�-

�B�/P ���.��,B� xU�P �� s�B� �( � .��P�
A� �.8 
.=
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( ��A j��0
B��( ����.��P .���(�#A�	 �
�B�/P(Phase 

Identification) l �(�#A�	 .*
�5(Phase verification).
:0� j��E5�� �� 
� �� �� K���W x�"� �
A ��P �( 4��5:

�#A�	 �O�)�#A�	 �(  ��� �� ��8�� �,U�/P�� )x�"� 
���.��,B� ��  .P����+#�A�	 .*
�5 �� �./P�( �,P�� )�(��W 

A�	 ���@ A�  �!,B�)�/
DO �[*,� �� � �B� Ky+n� ���+� �� 
���.� ���./F)A� �,+I�A�	 .(� )�B A�
�	 �� ��!�
./

�B�/P�
 ��� A�	 �#))A�	 A
��)I�5 A� *J�#)�[,�8 ��:( 
������ j�Spv� �( �I ��P)�B�/P  �!,B� �(��I }I �
]*\� 
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 ��I }B�\ �)� 4����I ��W 4�LP� �).+@� )���I � �B�/P��:( �:[�4��
� �B�/P � �z�

��!�(1شكل XRD ���+� ���% A� (Bi2Te3)0.25(Sb2Te3)0.75 �( 3wt% ��D	� ��:5.

!�� ���)XRD�;E0 �#)��:( 
K(015) �(1010) �
(110) �(006) �(2010) I�5 �(*J�#)��:( 
KBi2Te3�

Sb2Te3j�;E0 � �(0018)�(1012)�)����(I�5 �( *J
P*+*��
��:5 x\�� 
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