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            ����� ��% � �����	� -�'�/0	 !�"��	� ��%1	 2�(	� !�3� 4��� 5���     !�#3� 6� �3� 
           7��# 	 #�� 	� !���� 3�� �� �����	� -�'�/0	 2�(	�PbS) 0.42eV (    7��# 	 �ZnS 

)3.53eV (�!���� ��3��� 8���/	� 6��9� 5� 50-250)  (C  -�#�	� ���. �/�/� 6: �3� 
                5#	 6��9�	� 6�� �/����	� 2�(	� !���� ;� �2�/�	�� <��� 5. =�>? ��2 @	 �	���	� �����+,	�
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            �� ��� �+	 /�,�	� ����	� ���A� 6? C9��� ������� ���A�� ��%D� ;����
   ��3�	� �+�	��)Bulk] ( 1 . [     ��������	� 5������ '�2�	� ��%D� ���� �"�6    �#.,� �/� 

   ����'� CA/� 6�2 6� "    5�? 6� 7�����)1838 (        #'��(� 49#A I�2� 7��% -�< �"� �: 
9��	� �����+,	� -�)Electrolysis] (  2 [�   

        J�,�/� �9�? �� 4��	� ��%< �9����� �'�  K���L�]1 [ 0"�"   �� �+������� 6?
  ���##���	� ?�/##A )Interference-Filters (   !��"##�	�� �##,��	� ��70##(	��

MMJ�##,�/0	Anti reflective coatigs ) Reflective and  (�        ##��('	� ���##���	�
Edg filter) ] ( 1,3 [    �#�� ��#�(�/ �	� !�,��#	� !�+3< �� '�2�	� ��%D� 5������ 5�

�����	�9��,��	� Integrate Circuits) (  ?�/#A ��� I9 	�� N��	� ����� �� ������� ��,
���'�	��  )Rectifiers ( ���	  �������/�� )Transistors (   ����"�	��)Amplifiers (

  �����/.	��)Diodes (    � ����	�� ���"	� ��0�	���   �?���L� )Bolometers (  C���,	��
 )Detectors] ( 4 [ ,         ��	 �/���,	L� ���3�	�� �/���,	L� ������	� 7�/� �� �9����� ��,

     �+9�? 7��< �� '���	� �+���2� �+�3� � A� �+/�� ,0"�"    70#(	 ��#%D� 5����#�� 6?
  �+9,P� ;/�	 ����	� 
��   
#�� -� �#� 6? Q��/	� -,P�	�� �����	� C��>	� 3��/ &����,	�

               R��S#� A#���	� 6����	� 70( �� ��, -��3	� �+>�	�� ����+>L �< 6��,�	� �� 7��3D�
 �	��3	�� ����	� �+���2 ;��	 /��.]5. [  

   6�A���	� ������,)ZnS (   6��?��3�	� =	: ����) II-VI (     �0#A��	� T���< 6�
 ���   ��#�	� ���#"��+,	� ��0�	� �� 5����� ��� 5+� 4,��Solar Cell Electro-

Luminescence    R��D� ��A���+,	� ��'��(�	��]6 . [      
�#�� I���� 6? !���? ���

  6����,��� 6�,�� C���  ��� 6����9� Wurtzite)α( � )zinc-blend β (  ,  #	: �#� �� =
��() α ( �/?(1293oK) 3�� 6: ��	�( ����+/ 4��� U� &����?U� &�3	� ( "	� �/? 

                  ���#	� -#�92 @/� ��, 7��	� �� -�� U� 
����	� �� -��� �(�� 6�,� @	 �����	�]7 . [
             �#�% 
��D� 8�3�	�� ;��	�� V��AD� ?�/A �� ;��� R�� =9?� ?�/A	� �� 5����� 

  C���	� ,     �9�	� �����	� ?�/A �� ����< 6�,�����       5����#�� �(�(�	� 6���9	� 6��,� ��� 
��?��	� T�3� Q���� !7�": �� ,����(�9	 ���� @/� ��, , 5����	� ?�/A �� 5����� �+� ��	

    $	�� A��	� ��(	� .         �+���� $/�	� ���,�� =��� �� �< $/�	� ������, 4�,�� 6�,� " 4�,��	
�	� 	�� �� J��D� 6< �� ����	� C0��U�� J�)ZnS (  6���9��� 6���� 6� 6�,�S� Zn 

    �� ��,	� ���� 6� U��6      J��	� 4�,�� �� 6��+�����	�  .      �����3 ���< �3��)ZnS (  ��
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   �����?� !���� �9� -, ,    !�� -, 6��)Zn (      ���� ;��S� (��� 6�,�)S (    ��#��< =#9?�
  ������ )  (2 -�( ;��   �9�	� � (          �#�B�3� �����#� �#�,D� ��B�3 �A��< ;��< /�,�

 �/��� � AD�]8[  
   ��A�	� ������,)PbS (       ?��3�	� 6� C���� -A�� @�� 4,��IV-VI , ���

 ���" �9�A�� ���� $9���Photo Conductive    �#�� �#�D� R�#� �� ��3 !��3 
 7����	�( 3000 - 800 nm)  �� 	� !���� 3�� �/? ,�  ?�/#A �� ���, -,�� 5�����

 7��� �� =9? �/��	�� ��,��	� ��'��(�9	 5����� ��	� ���"	� �9�A��	� ��0�	�] 9. [  
               !�#��? ���#� ���/ 6< 6,�� ,���	� ����< � ����9	 &��9�	� 4�,��	� ���� 6�

        ����9	 ��.,	�� 53�	� -�.�	� -��� =9?� ����9�9	]10.[� ��� &��9� 4,�� ��  4�,��	� $9
   4,��9	 &��9�	�NaCl) (10] . [    6< �/�� ����)PbS (           @#3�	� #��,� ,��#� $#9���

FCC)  11] Face Center Cubic [  ����� ,��� ���.�a=5.94Å ] 12 .[  @	 6�,� �
   �/��< �A��<–     �D� !�AY� �+�� ��	� ������ �      ���,�	� !�AY� =9? 49 �� �/]13 [ , ����

8��/��U� 4,��	� 6�� 6��� )PbS ( �/��U� ���,��	� 4�,��	 -.��� ��.  
   5�? �� )1956 (  Z��2�Krebs] 14 [      K�#/ ���,��	 (����	� 5�>/)PbS (   �#�	�

     �/��D� �A��D� ��+> N"��–    ��/�,�	� T�� �� ������	�  ,     �/��< 4,�� �� 6�,� ���
�'/�   ��/��< Pb+2 	�� �� !�%�� ������� .0. $9���  P-state  ��#/��< ��/�� )S (   �#+	

       	�� �� ��/���,	U: 6� ���� 8��State S- ,    #	�� �#� 6���,	L� 6� 8���< .0.�P-

State,     �(��� ����, 6��< -, 6�,� $	�	 "       ��A� ��/��< ��� Z�(�	� �/��. -,��)Pb (
�(��� 6�,� ��A� 6��< -, '��(	� J�/�� " ����, ��/��< ���)S(   

 א�	�����א����.�

 5���"�� ��%U� )( ZnS �)PbS (    K�#/ 6#� ��#+3 5�������)Edwards E 

306A (           #'�2�	� ��#%D� ��"�� �� ����	� �+��������� �+	 '��( �%���	� �����	� , �:
        !��'/	� �	�? ��%< =9? -�A�	� �+�(���� 6,���        C#�.,� �� '��(	� T�� -�? J��< 6:

  
��� 6� !�����	� !���	�)Boat (    �#3 �#� ���� J��< N(� =9? �+/��9% 3��	 6���
 =	: -A� V���)10-6 Torr (����� 6��"	 "��� "  �#?��'	� =#	� 
���	� 6� ����9	 . 6<

           �����	� 9����	� �< J��D� !���� 3�� �� ��%D� ���( ���� &�	� -���	� ,   $#9��� �:
     �,��	 ��/	�� &����	� �����	�� !�"��	� ��%D�  ��)II-VI (       #�� 	� !���#� #3����

      �	�? ���'�� !�� A ����� 4�,��� ,      #���>�/U� ��3/L ����< �����	�)Uniformity ( 
                �#�� �+/��#9� (#���� �< ����� !���� ��3��� ��%D� 4���� �/? >�9/� [ J/�3�	��
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          ,	� ���'�	� -'� $	�	 3��/� ����� ������	� 53� 6< 4����	� ���9�?    �#�� ��%1	 �����+
                 N�A#� C�#� �+/]� ��%D� T�� ���� ��: ��< [ ���"	� �9�A��	� ��/ !���� =	: &�B�

0A�� " Û��� �_���"�  
�א�%��'�,���א��+��/� �

������5+-���א��'��")�)Eg%��.��2��1א��0*��א�'(" �

Z����	� �����	� -�'�/0	 ?�/��	� 2�(	� !�3� 4��� 5�  
( 1) ..... .......                                                     ( )r

gO EhAh −= ννα  
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2

1
=r  

 (a- 1)                                                       ..........( ) 2
1

gO EhAh −= ννα  

(b-1 )                           .........                              ( ) ( )
gO EhAh −= ννα 22  

  6�� 20�	� 5����( )2
ναh  6����	� 2�(� 









λ

1240       J�#��	� �< 5�'���	� 7�3	� ���� 

        ('/	� �/? 6����	� 2�( ���� ;('�	 �/�/�9	)( ) 02
=ναh (       !�#3� #��2 =9? -A�/ [

�(	�     	����	� I'�� ���� 2( )
gh Ε=ν ,          -�#'�/0	 #?�/��	� ��A#�	� 2�(	� -.�� T���

               -�#'�/0	 ?�/��	� ��A�	� 2�(	� !�3� -.�� C�� ;('	� ('/ 6< &< [ Z����	� �����	�
 Z����	� �����	�[ 17,16,15 ].   

  -,�	�1) (      7�� 	 2�(	� !�3� -�.�� N"��ZnS  $����  )300nm ( , ��3� ���
    =	: ����� ��'	� )3.53eV (      ̀ 6�.���	� �	� -A�� ��	 ���'� ���[19,18]     #3�� �#� 

 �� 	� !���� .  6���a �3� �2� [22,19]    �#� -�#'�/U� ��#+	 2�(	� !�3� 6< (3.60eV) 
�(3.2eV) [ 19 ] , @�'��(� ��"��	� C��> C0��� =	: ��� R����.  

   -,�	�)2 (  � ��2 N"��    7�� 	 2�(	� !�3PbS   ��� (0.41eV)     #��'	� T�#�� 
       6�.���	� �+�	� -A�� ��	� 6� 4��'�[13]          �#�� �#�D� C��(� �/9����� 2�	� -3D� [ 

   ���'	� 7����	�(F.T.I.R.)         �3�#�/�	� I�� ��0	 ����	� ��D� C��(� 6� U�� (UV–

Vis.) ��"��	� C��> =	� (���	� C0��U� ��� R���� [  7�� 	� $��� @�'��(�.  
 6�.���	� ��<[ 21 ]  !��#�	 ?�/��	� ��A�	� 2�(	� !�3� ��2 6< =	: ��9A�� �'� 

(PbS)        R��	� 6�" �� -�'�/U� ��� �� (2.8-0.4eV) ,   =#	: R��� ���,	� C0��U� ����
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   ('� ����	� ��D� -������,     #��	��	� 2�(�	� 6,	�(ASTM)      #?�/��	� #2�(	� !�#3�	  
��(0.41 eV).   

 -�,�D�)3 (� )4 (  � -�2 Z����	� �����	� -�'�/0	 ?�/��	� 2�(	� !�3� ��2 6���
       �9��� !���� ��3��� � ��%D� 6��9� 7��3: ���    6� -,	 ZnS,PbS ,    Q��#�/	� ��#+><�

   !����	� 3�� !����� ?�/��	� 2�(	� !�3� ��2 !����   ��#�	� ��#9�� !���� =	: $	� R���� !
?�/��	� 2�(	� !�3� !���� =	: &�B�� .  

  -�,�D��)5 (�)6 (  ���� 	 )PbS   � ZnS (      -#�2 �����	� K�/��	� �����	� -�'�/0	
6��9�	� 	�� �� 2�(	� !�3� !���� �+�� >�0/ 6��9�	� ���� 6��9�	� .  
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  ١٨٠�e�  

��א������9/���8�"�א��'��"�א������5��7+-�(Eg)%��.��2��1א��0*��א�')"���א��������6 �

        6�/��	� 2�(� ?�/��	� ��A�	� 2�(	� !�3� ����(Ep)       #�9�? �#� $���#�	� 
����	� �����	� ��% -�'�/U�Z ��%D K�/��	� � (PbS , ZnS)   6�#/��	� ��� 6: �#�� [ 

         2�(	�� 5��	� >�� �/�/�2 >�� �� -�'�/U� ��� �� $����	�[49] ,-, 20? 6�� 2�( 6� 
 !�3�	�(PbS , ZnS)   #2�(� K�#/��	�� Z����	� �����	� ��% -�'�/0	 ?�/��	� ��A�	� 

 6����	�)νh ( 20�	� 4�� ��A��U� -����� :  
   

  

(3)                                  .........( ) ( )
pgO hAh ΕΕ−= mννα 2

1
2

1
          

  

(4).       .........                             ( ) ( )2
pgO hAh ΕΕ−= mννα  

    6�� 20�	� 5�� 6�� )( ) 2
1

ναh ( ('/	� �/?� 6����	� 2�(�( ) 02
1

=ναh  6#,�� 
 -�,�D� �� ��, ?�/��	� 2�(	� !�3� ��3�<) 7  (�) 8 ( ��%D(PbS , ZnS) 6��9�	� -�2 

0/� 6��9�	� ���� 6��9�	� ��� 2�(	� !�3� !���� >�.  
              6#� K�#/��	� �#����	� ��% -�'�/1	 ?�/��	� ��A�	� 2�(	� !�3� 4��� 6,��
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 Dielectric Constant (Є):%��.���',�א�	���א��:"'�����

              �� @�?�� =	: ��/ V���	� �� 7�"	� ?�� �� � 3��/ ���� ���,/U� -���� 6:
 20�	�� =(�� !�'�� ��, !���	 ���,/U� -���� ����?�� !���	�:  

(5)                                                               .........oo inN κ+=  

 h6: ���:  
N :�'��	� ���,/� -����.  

on :�'��	� ���,/U� -����	 �'�'�	� 7�3	�.  

oκ :�'��	� ���,/U� -����	 �	���	� 7�3	� -.��� ����	� -����.  
              #�� (#��	� /��� 7�"	� 6�� -?���	� 4��� 2�(	� �� 6��'� -�A� =	: ����� �

      (��	� $	� ��/��	 4�('��� 6� @/? Q�/� ,    -�#�	� �#��.� !��#? CA�� 4�('��U� ����
 20�	�� @/? ���� &�	� (��9	 �'��	� �����+,	�[6 ]:   

(6)                                                           ..........21 ∈+=∈∈∈ io  

 h6: ���:  
∈ :(��9	�'��9	 �����+,	� -��	� ���.�  
o∈ : ��	� 7�"�	� ����� ���. =1.  
1∈ :�����+,	� -��	� ���.	 �'�'�	� 7�3	�.  
2∈ :�����+,	� -��	� ���.	 �	���	� 7�3	�.  

	�� -��	� ���. ;� ���,/U� -���� (����� �	��	� 20�[ 25 , 4]:   
(7)                                                                ..........2

N∈=  
 6? '���	� 	����	� �� 
����	���)N ( -A�/:  

                                                                    ( ) 21
2

∈+=∈+ iin oo κ  

��Y� !��A	�� �	���	�� �'�'�	� @�<�3� -��	� ���. ���, 6,���:  
(8)                                                    ..........( )22

1 oon κ−=∈  

(9)                                                        ..........oon κ22 =∈  

  6��            �#'�'�	� @#���3� �����+,	� -��	� ���. 4��� 5� 6�����D� 6��	����	�)1∈ (
 �	���	��)2∈ ( ��%D)ZnS , PbS ( ������ �����	� 9����	� -�2 8���/	� 6� -,	.  
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����	�.  

 4 .      �̂�#� � �� �� U =/�/�	� ���( 6< 6��9�	� ��� �	���	� �����+,	� -��	� ���. =/�/� 6���
 �2�/�� ��/:� �̂��.,�	��	� �/����	� ��2�(	� �/? A��� �	���	� -��	� ���.	 �̂(��� �̂A2�/�.  
�א>�+�+���, �
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 �3��/�	�)UV( , ��+3� ���	� 5� ��+	�)UV – Vis. (  ��A#��� ��< [)PbS (  6�#,�

���'	� 7����	� '(/�	� 6�" , !�+3< �� ��A�	� ����	� ���� 5�� $	�	)F.T.I.R.(  
   h6< Q���/	� 6� 6����             #2�(	� !�3� �� �̂�3 9�92 !���� 4��� 6�7�� 	� 6� -,	 6��9�	�

 ��A�	�.  
 �	��	� ��2�(	� �/? A��� �̂�3 0̂�92 �2�/�� -��	� ���. =9? 6��9�	� ��.S� 6<.  

  

 

 

 

 

 

 

 

  

  

  

  
  
  
  
  
  
  

Im
ag

in
ar

y 
pa

rt
 o

f 
di

el
ec

tr
ic

 c
on

st
an

t (
ε 2

) 

 -,�)  13   (D 6����	� 2�( ;� �	���	� �����+,	� -��	� ���. �� � ��%
PbS�9��� !���� ��3��� .  

Photon Energy (eV)  



 ٢٠٠٧א�����א���������������������/��٨א�	����/��٣א������
 

  ١٨٨�ee  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  

 

 

 

 

  

  

  

  
  
  
  
  
  
  

 ���)  14  ( ���'( *	�	$� ���� +� ,���&� ,-���.�� �/0� #��1 �� �ZnS 

�$%�&� ���� #���!�	. 

Photon Energy (eV) 
2.00 2.40 2.80 3.20 3.60

0.00

0.40

0.80

1.20

ZnSe2

25

50

100

150

200

250

Im
ag

in
ar

y 
pa

rt
 o

f 
di

el
ec

tr
ic

 c
on

st
an

t 
co

ns
ta

nt
 (
ε 2

) 

  



��������������������������� �������������������������)'"&����מ��%���א�%�"�PbS, ZnS"א���א�!�א �א��

  ١٨٩�ef  

�א��)��" �
 1- C.A.Neugebaur et al , John Wiley & Sons Inc. , NewYork, (1959). 
 2-K.L.Chopra, Mc. Graw- Hill Comp, New York , ( 1970)  
 3- H.G. Roshid , Ph.D , Thesis Al- Mustansrya University, ( 1996).  
 4- Lmaiss and Glang , (Mc. Graw)- Hill Comp ,New York , (1970).  
 5- R.W.Berry, P.M. Hall and T. Harris, Litton Education Publishing, NewYork, 

(1969).  
 6- S. Sapra, J. Nanda and D.D.Sarma ,"Solid State Structural Chemistry Unit Institute 

of Science Bangolare , India, (2002). 
 7- G.H.Hawley , Eight Edition, Litton Educational Publishing , Inc, (1971). 
 8- B.Ray , First Edition ,Printed in Great Britain by Neill and Co. Ltd of Edinburgh, 

(1969). 
9- L.Pintilie ,E.Pentia,I.Matei , J.Appl.,Phys.,Lett.,Vol.4, No.73, P:547, (1998).  
 10- W.W.Scanlon,J.Phys.Chem.Solid,Vol.4, No.423, (1959). 
 11- P.J.Lin-Chung , J.Phys.Chem.Solids, Vol.2, No.31, (1970). 
 12- D.Dalven,Infrared phusico,Vol.4, No.41, (1969). 
 13- Y.U.L. Ravich B.A. Efimova, New York, London, (1970).  
14-H.Krebs, Acta Cryst., Vol.9, P:95, (1956). 
 15-M.N. Makadsi , Material Sciences , Baghdad University, (1990). 
 16- S.S. AL-Rawi,S.J. Shaker, Y.M. Hassan ,, Solid State Phyuics , AL- Mousul 

University, ( 1990). 

��j ���� ���� 6�A%  . 5�9�	� �9, =	: ��'� ����3�� 	���j [ ��� � ���3 )2002. (  
 18-O.S.Lytvyn, Khomchenko V.S., J. Semiconductor Physics , Quantum Electronics 

and Optoelectronics, Vol.4, No.1, P:19-23, (2001). 
 19- Barbara L. Gabrial ,, Semausers Manual for Materials Science Editorial and 

Production Coordination by Carnes Publication Service Iinc., (1985). 
 20- R.Nakano, N.Miura, Jpn , J.Appl. phys., Vol.l31, P:295-300, (1992). 
 21- M.G. Yousif , Solid State Physics , University of Baghdad, Vol.2, P:16, (1989). 
 22- M.Matyas.J.Kocka, prague , czeehoslovakia , August, p: 24-28, (1987).  

   

 

 

 

 

 

 

 

 

 

 

 



 ٢٠٠٧א�����א���������������������/��٨א�	����/��٣א������
 

  ١٩٠�f�  

 

 

The study of physical properties for 

(PbS,ZnS ) thin film 

  

 
 Sabrie Jassem Mohamad 

University of Tikrit 
College of Education 

 
 
 

 
The physical properties of Zinc sulphide (ZnS) and 
lead sulphide (PbS) thin films prepared by the thermal evaporation 

vacuum were studied,With .thickness(300)nm on soda-glass at (R.T) 
degree and pressure (10-6-Torr) .  

In the range (330-900)nm for (ZnS) and (800-3000)nm for (PbS) , 
The energy gap of the direct and indirect allowed transitions were 
calculated. The energy gap of PbS ( 0.42 eV ) and for ZnS (3.53 eV ) 

 The effect of annealing at temperateres (50oC,150oC,200oC,250oC) 
for one hour. the physical properties were studied, the results concluded 
that the annealing leads to increase in the peaks height as well as their 
sharpness ,the results shows increasing in the films substance 
crystallization while the optical properties results lead to increase in 
energy gap. 

        
         


