

������/��٣א�	����/��٢א������������
�٢٠٠٦א�����א���� �
  

  ���  

���  

� ���
�
�)ZnS.PbS(��א���א���א��א���� �

��.������� ��
���!��מ ��#����מ�א�!���������������������������א�� �

�$
�����	���/%

��א�	��������
�� '&�א���

��א����
���������������א������ �

  

      ����	 
��
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� �����
�  (�     �����) PbS(    � )ZnS ( 
  � ��!� "�#�$
�  %$�� ����&
� '����
� �����
�mm)  300 (    (���� ������� )�$*


 !+#) 10-6-Torr (  	,��- ./,) Soda glass (  ���+
� "���� �*�	 �� . (1�� 	-�
      �2 "	3$ 42 (	*�� ��5��
� �6��� 	������)  PbS  (  � )ZnS  (   ��/��
� "		6�$.   (�� 3752� 

      4��� � ���+
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                (�� 	���$ .�/, 3�7/$, �� 3@�/� �A	3$�,� �B�	�
� ��5����
C� "<7*�� )�$* 	$�6�
            � (3��5����
D� �/, 4=� � �/1�$
� :�� 	��$
3� �13� ��E3�$��� ��E3�<�� �E31�  
�	��


      � �-� ����2 F��� "	3$
� F3$6��� ./, �� �        D (�<�$$� �E31� � �-�
� ������ %/�$�� � 
 9���� 	��$
� 8����� �� "	�*�$ 4���.  

             � 3A��� � G15� 4�- 4$ �B�2 �5$ 4��E3�<�&
� �3$��3� � �-�
� ������ ����	 (�H�
         4	36$
� ����� 4$ 3���$
� I6� F$, �� 37
3$6��� �� �=      (/$6���� � ���5$
��� �#&
� F�$ 

              (3����$
� �,351 �� 37
3$6��� 4, JK#� L36�C� M3�65� ��/$, �� 8��
� ����2 3A#�2
 ��6! 
� (3���$
�� M3�65K
 "	3#$
� ���36
� (�NK!
��)1.2(  

��)�Compound �ZnS(א����*� �

	�6�    4�1�3�
� 	������  )ZnS ( = 4��,�$*$
� .
)  II-VI (   2 4$ (K1�$
� O3�� 
 � �� F$6��� �= �7$ 8���$ ���Solar Cell Electro-Luminescence   (3� ��!�
��

   9���� ���1���7�
�]Q [�      S���$ 4, "�3�, ��� 2   4�������� 4���� G3&� I��  4����/� 

  3�$�)  Wurtzite α ( � )zinc-blend β(   , = ���+���   ���! .�
) α  (  	�5,
(1293oK)                :�
 �$3���
� �*�	 42 3$
3! 3@�E375 8��� D� � '	3��,D� '�*
� !+#
� 	5, 

 ��$�
� F�/- :52� � N3$
� �� F�� D� I$���
� �� F��� � �E!�� 4��� ]4 . [ � �� F$6���
        U3*<
�� )$�
�� V3�1�� �,351 �� )��� 9	$ ./,� �,351
�     G3&��
� ���� I����   ,

     &/�
� (3�3�
� �,351 �� 3A�3�2 4����3�<     3A#��2 F$6���� � ��!3!$
� 4E�	/
� 4���� ��� � �
            (3��!&/
 �A	��$ :
3$6��� 4, JK#� � 37*���� (3,3�
� O�*� "N3#= �� ,    F$6���� �7� ��


 %
��  �13�
� ���!
� ����$
� �,351 ��.  
	-�     8��$
� 42 	*�  )ZnS (  �    	5, ��3!� )1273K )W ,         O��� F�B$ ��� ��� �=

      8����/
 "��+1
� (���/�
� F���� �*�	
� )Wurtzite (       <E3��� 42 %�
� 4�$ X�5���� �
           F��� .
= �$3��
� 	5, �2 �$3��
� F�- F���� %5<
� )Wurtzite (        F�	�6�
� Y	�6� ���
 �

 ��
36
� ������
� (3*�	
� 	5, 4����/
 �A��� ��� ���	�
�]Z[ .   
                � M3�$
� 8�����
 3A7�3��$ %5<
� <E3��� .[$�� 3$ �2 %5<
� 	������ 8���� 4���

      �
3� �� M3��� 42 �� 	���
� GK��D�� )ZnS (  4��&/��$ 4���� 4$ 4[��$S� Zn  JD	� 
            (3E�<* �6��2 	*��� � M3$
� 8���� �� 4��7�3��$
� 4��3�
� ���� 4$ )ZnS (     F�� �� 

  ��,� "	��� ��/�  ��	3 ,    "�� F� !3���)Zn(     (��� )��\�  )S (     ���3��$ 	36�2 ./,�  ) )��
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�Q>  

    ��/�
� �!- F�! (           �5��� �+�1�� 3�]<*� �$�3�� ����� 3�]<* � �1��2 )��2 �5��$ �
 ]20 [ >  

��PbS Compoundא����*� �

   �31�
� 	������ )PbS (        �,�$*$
� 4$ G��6$ F1�$ :�� 8��$A4B6 ,  �=
1�� ���� %/�$� ��E�# ��/�Photo Conductive    (��� �6���� 9	�$ �� �@	* "	�* 

 N��$�
�)   3000 - 800 nm  ���+
� "���� �*�	 	5, ( , �,351 �� ���� F��� F$6����
 N��� 	� ./, ��5	$
�� �����6
� (3 ��!�/
 F$6��� ��
� ��E�#
� ��/�1��
� 3�K�
�]6 . [  

   4$ (���/�/
 "	�	, ���� 		�5 42 4�$�    	���$/
 '���/�
� 8�����
� ���6$ FK� 
          (���/
 ��3B�
�� �*�
� F3B$
� F��� ./6� � ������
� 	36�2�]7 [    �3�1�
� 	������ 4���� �

 )PbS  (  4��,�$*$
� 4$)VI  ^ IV (    8�����
� %/�$� '��/� 8��$ 4, "�3�, ��� �
   (3���$/
 '��/�
�NaCl)] (7 [     42 �56� ���� � )PbS  (   ��� %/�$�      :�*�
� ���6�$ ���

FCC) ( ]  [8] Face Center Cubic [  	�	�� ����� (�3B�a=5.94Å] 9. [  

��)

��א.-,
��א��+/!�� �

 ��#�� ��������)  ZnS  (�) PbS  ( ����&
� ��#��
� � ��!���3�F3$6  <3�7* 
L�5 4$ ) Edwards E 306A ( 	 �� � 
� ��#�� ��(35�6 F���$ "	6� 37$�25� H,�� 
� G� 	

)  U3*<soda glass  (25$
� ��53$
� \ �   I���� F���	 3������ 	��$
� "	3$
� )#� ��� �B
M�-35
� �� '�/6
� N<*
� �� 	,�� 
� (��B�� �����
� �  .�� N��7
� 4$ �$�H5$
� _��&� ��� �B

 !+#
� F1�.
=)  10-6-Torr (.   
     "�#�$
� U�3$5
� 4�	/� ��F3$6��3�    �E3��7� 4��    �= � /� ��    �&/��$ (3*�	� 375�	C 

)50 –250 (   

�א�����01�א����+,�� �

    4$ F3���� 4��� )1-6 (       "	3$
 ��5��
� �6��� 	��� G�! )PbS (    XE3�5 �7H�� �
     �$ 
� I6� 	�*� 	���
�)Peaks (           �� N3�+
� ��� 4\� %
� ��&�� � ������ %/� 8���� ��

   (���/�
� 		6�$ ,     $ 	��$
� )�$*
 �6��! �$2 ����         ���	3�a2 "�����$
� 	���$
� 4�� � "��/��
  ��/��
�[8,7]       �����$ "	,3- ./, (���� 	 � Substrate      "���/��$ ���� amorphous , 

              �$ 
� GK���� 3���<
� G���5� �� GK��D� 3$2 � (���/�
� 		6�$ N3�� ./, F1�5 %
���
          9��2 .
= � !5$ 4$ N3�+/
 �5��$
� (���
� 		, �� GK��D� :����     	� � 4�	/�
� ��B\� 3$2 � 

                 F�$�� "	3$
� "��/� �� "	3�< 8��� 4�	/�
� 42 �56� ���� � 37�	�� JK�/- �$ 
� L3&��� .
= 9	2
9���$
� ��5[ ]200 .  
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�Q�  

     %���� � ��! L3��b� ��5��
� (3�3�$
� ��- 83�� FK� 4$� )Bragg (   (3�����$/

 '��
� 8����
� �� ����
� )d-value (  [42 4����:  

nλ=2dsinθ                                                               ……….(1)               

 d4= �=:        n = 1,2,3 .... ;��1 		, .  

      λ  = 1.54(nm)   4�����$ 4�� �!-3�
� �*�$
� F�!  . 

        4���� �!-3�
� �*�$
� F��!2 42 G��6$ �� 3$��           (3�3��$
� 	�	�� 4$�# 
 '��/�
� 8����
� F��� �� �����$
� (���
� 4�� "	�*�$
�. 

               	��$
� ��&
 �����$�� ���3� 
� (3-3!�
� )$ �� 
� %/� �5�3 $ 	6�� )ASTM ( 
 J3��� � � �3!�$ 3752 (	*�.  

  
 F�	*)� ((3-3!�
�� ���*�
� (3�3�� 4�� �5�3 $ )ASTM ( ASTM"����  �*�	 ��  )R.T(   

 F�	*
� ;#���)1 ( �����$�� 	��$
� ��&
 ��$
36
� (3-3!�
�� ���*�
� (3�3�� 4�� �5�3 $  
 3� 3$2   N3�+
 ���5
 )ZnS (    F��
� 4$)e (  .
=)11 (  '���� 3752 :*E3�5 (�7H2 	 �

           86�$ :����� 4\� O�� ;#��� � "��+1
� �$ 
� I6� ./, )Cubic (  ,    ��$- ��7H 3$2�
         ���	� :����� 4\� 4��� ��
� �� 3A��#� �B�2 )Hexagonal (       :������ 42 ��� .56$� �

      ��� G�� �6�f
 :#�6�� 4�
� � 86�$      �&�6# 4���� � 3��1��2 ������ �-3! (���
� 8
 3J�3�B �B�2 3��1��2 4��� ���	� '��/� 8���� .
= F����� � 86�$
� �
3� �� .  

    ��$
36
� 
���
� 	�]��[11]    (���/�
 42  )ZnS (      ���	�
�� 86�$
� 3$� 4������ ,
       ��� � 3J�3�B �B�2 ���	��
� 4��
�(35�6
�    � � ��!
� O�7� "�#�$
�     4�3� 5 4��� � ��6�$


  �
� )d-value (    4�	/� �*�	
 )250oC (     ���+
� "���� U��$5� )R.T (    H�/� �  �/- ��

Material (degree) 2θ d-value (Å) ASTM)  d-value(Å)(  

   PbS 

25.7 

29.9 

42.9 

50.8 

53.1 

3.45 

2.98 

2.1 

1.79 

1.7 

3.429 

2.969 

2.099 

1.79 

1.714 

ZnS 28.6 3.115 3.123 
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  �$�- )d (    �*�	 �� )250oC (   F-2       ���+
� "���� �*�	 �� 37�$�- 4$ )R.T (    ����� �
  	�]�L3&���     37�	�� JK�/- �$ 
�        � )#� ��5 F�$�� � ��/��
� "	3�<� 4�	/�
� 	5,  	5, ��� ��D

 '���$
�[ ]111.   
*�
��� F��	) 2-3  (��#��� ;��+��  ) 2θ ($��&/��$
� ������
� (3*�	
� ) 

)25 OC , 50OC 100 OC,150 OC,200 OC,250 OC  (   ��	3�$ 4�$ "�#�$
� ����f

ZnS , PbS.   

     "	3$ N3�� 42 X�5��5 )PbS (    � (���/�
� "		6�$ "	3$ 4$ 4���  8����� (�� 3752� 
  86�$ ,    "	3$ N3�� 3$2ZnS             4�	�/�
� 	5,� � ���+
� "���� �*�	� 86�$ F�� �� 4��� 	 � 

  .
= )�Z>   ��<�/�  (           ��$ 
� "	3��< .�
= 9	2 	 � 4�	/�
� 3$2 � ���	� 8���� (�� (��12
 ��� ��D� .
= "��/�
� 4K�$� ��/��
� "	3�< .
= 9	2 4�	/�
� 4��
 %
�� � 37�	��>  

 F�	*) 2  (  ��+�)  ( 2 θ N3�+
 "����
� (3*�	 )$ PbS 

T o C 2 θ  2 θ  2 θ  2 θ  2 θ  

T oC  [111]   [200]  [220]   [222] [311]  

25 25.7 29.9 42.9 50.8  

50 25.6 30.0 42.9 50.8  

100 25.8 30.0 42.9 51.9  

150 25.8 30.0 42.9 50.9  

200 25.9 30.0 43.0 51.0 53.3 

250 25.9 30.0 43.9 ����������  53.4 

       

 F�	* )3 (  ��+�2θ  N3�+
 "����
� (3*�	 )$  ZnS 

T oC  2θ  2θ  

T oC   [111]  d-value  

25  28.5 3.12 

50 28.5 3.12 

100 28.5 3.12 

150 28.5 3.12 

200 28.5 3.12 

250 28.6 3.11 
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2θ(degree)  
 �-� F��         (1) N3�+
 ��5��
� �6��� 	��� !!�$ pbs "���� �*�	 �� 25C°  
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2θ degree  
 �-� F��(2) N3�+
 ��5��
� �6��� 	��� !!�$ (pbs)*�	 ��  "���� �50C°  
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2θ (degree)  
 �-� F��(3) N3�+
 ��5��
� �6��� 	��� !!�$ pbs "���� �*�	 �� 100C°  
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2θ (degree)  
 �-� F��(4) N3�+
 ��5��
� �6�D� 	��� !!�$ pbs "���� �*�	 �� 150C°  
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2θ (degree)  
 �-� F��    (5) N3�+
 ��5��
� �6��� 	��� !!�$ pbs "���� �*�	 �� 200C° 
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2θ (degree)  
 �-� F��(6) N3�+
 ��5��
� �6��� 	��� !!�$ pbs "���� �*�	 �� (250)C° 
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2θ (degree)  
 �-� F��(7) N3�+
 ��5��
� �6��� 	��� !!�$ Zns "���� �*�	 �� (25)C°  
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2θ (degree)  
 �-� F��(8) N3�+
 ��5��
� �6��� 	��� !!�$ Zns "���� �*�	 �� (100)C°  
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2θ (deree)  
 �-� F��(9) N3�+
 ��5��
� �6��� 	��� !!�$ Zns "���� �*�	 �� (150)C° 
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2θ (degree)  
 �-� F��(10) N3�+
 ��5��
� �6��� 	��� !!�$ Zns "���� �*�	 �� (200)C° 
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In this paper, structural properties of zinc sulphide (ZnS) and lead 

sulphide (PbS) thin films were prepared and studied  by the thermal 
evaporation with thickness (300) mm on soda – glass at room temperature 
(R0T) and pressure (10-6) to the effect of annealing at temperature for one 
hour on the structural properties were studied . Results concluded that the 
annealing leads to an increase in the peaks height as well as their 
sharpness . 

 


