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

��������	
 �
�� ���������
�� ���ZnS/Metal/ZnS  	���� ����
�� ���
 �	
����������

�����  ���! �!���"	#�$%� &��' (*# (���)� �*�# �+*,- (�./��.�#

���� �! ��� �! "�#$�%� �&
'(	 ")*$�%� �&(�+,+	 - �'(� "-./ 
0���12
�3, "�#$(,���4
��56�7,% "-./ �81���+*�+� �")*$�%� �9
'(	 ��#$�%� "�'
 ��'
 

�0�1�:�5��:;�<+��� 1% ��+7� ���= ����6���<� 6�>< ?�@>  4>
�%6ZnS/M/ZnS, (M = Au, Ag, Cu, Al)  �A �>A (�>B 1�><6
4 ����C
��56�+�2 - D� �".�� �EF G%'H	 (B(� - I+(���<.76@�+< ()-�6J (�1�<6)�)  .�% �
J L(�1�><6.M� >
�6.,�>� 
D
4 N��:�%
��56�A�O PA%+, - 81�� �56:Q% (*�<�.A ��+� �%+� ��A �)�)  "�.A��! .�5��:;�< DR<64 �< 
�%6�A(J �B(�1�<6")>  

�J, S-� �A(��./ .�
-�6.:�A 6 (�$%64
���$��)�)  .-
/T��56�+HA 6��:;�< JU 1% �5("1%)�% V6�%� ��A�O - �5�561% �*J>  
+#�%6% +,.Q S%.Q 
)�)  �J<�3� D* .BW75(F L(X�56:Q% (*��/%., (H�-YZ[ % �>! )��%� ��$� >
L��:;�><+��� �>�+/ \%+>�% �>5

 � YZ[ %� ].<-.	 - ^@BA%.	��- )BB!�_�� .A%.A �� (`.� ��F( �+; X()B:�>5 ?�@  )."1%)>�%/>(.6��%� ��$>� G�J><�3� - �>5
:;�< ��ZnS/Au/ZnS ���<� a+b< �� "��@:<% ��[ 6��:;�< - ?�@  ZnS/Ag/ZnS %.A 6�>A �J�>� Y�>,1�A )C ?�@  G�3@c 

�5��:;�<6�
�J<�B� .#)�., .

13�	���.4���:@�+<(-� )6d4
�681�� d4 �< 
�%6��:;�< +��� dJ (�1�<6d�J, (��./ .�
.

� �)  
N�< ���56;%(._%.F��;�< -4
��56���<� 81�� 6

)B= ?�@ 4
�%6&, -4
�%6�A �[+, ��+� (��61%^5-TQ -
�%./�<% �:	./ �%.U .4
��56�<� 81�� ��6A �?�@  �� �(V

��+A %�%�.:*�% e%+; 
*��:Q% (*���:;�< -6�A .f3B� ��.	
�5�.A��!6�%-%.	 ����Bc
P�-.:*�% (*��-.:*�% -(�+� &6
)��%� .�2 1%�A �52 ��%+Bg
�B�56Y�,1�A ")B5� 6��./�
�

%.A ?�@  a+b<6".hBQ �� ��./ Y�,1�A �56��7:;�< ]��j[�
N+H<�56 �+; ()6�)l� ��2 -�]m[� �
�5�+6�/�+� (V

�2�]�[�I./L!�563b< �%.A 6 (�$6J�+,% (V- �5
�5.#�_]n[� "��@:<% ��+  .o�� 1%.,
L%
4 L
��561�� 8

���A �%+,��:;�<�5
�M�(.�!% (-� )6)ZnO(�!% �()

%
)B
o)InO2(�!% �(���! )(�!% - o(-� )6`42 (�A ")  ")
�+�2(B(I+)AZO(�!% �(% )
)B
`42 o(PHU �A ")  ") )ITO(-
!.,(4 p
��56!1�� �JU 1% (@�+< V(-� )6G%'H	 �A 

(ZnS/Metal/ZnS)]���[�!% -(% )
)B
42 o`(PHU �A ")  ") 
G%'H	 �A)ITO/Metal/ITO(]q[�.! "�� % ..:7��
Lr. 

%.A6% 1% "��@:<% ��*�% 
�5��:;�< L\+� N+F �� ��+A ?�@  �
��<� L: %� - .M� ��+�/)B�.:*�% 
*��<% p<�B� .@:<%�"�

< 1%(�< o:�4
�%6�� �A (4 s+@� V
�6�A 'H	 �-���(o���<�
-L:	� 4�A %+; �+HA e6:Q% -(*�A "1-.�% �2 (�[+, ��+� .:$

�<% .< Y��:�% �A(o:��< 6�54
�%6�6.:*�%
&/'H	/�6-
.:*�%
&)D/M/D (-�61
4 .
�6 (�� �$ .A "-Eg �%+,

.:*�% ^��<� N.:B!
*��+Jg �%'(� �
Y�,1�A �%.A %�6".:�/6

N�<o:�(A t��7  ������A��u3@c 1% ��q� �, �vw 



�H(H[.(� ��A��� ��h�A �� .U ��%.
% �<�B  ���! - �<�B �+HA �Hh �

∗L@H, �N+x�� ")B�
+� �.A�7� :w����j���j�� ��Q ��*(�-.:*�% :abehjat@yazduni.ac.ir 
.M� ��+� \+� N+F,o(MB.!�.BW75(_%.F �� L��3@c -

�56���<� 6N+H< ?�@  �56 �+; ()6\+� N+F �+Jg 
y.�% ?�/ �A .z�B:�6"��� 675% '`�_ N�l	 (% �� �! �<% �
L
F �+Jg �5��:;�<(`.� X�)eV3.37.1 −(_%+� Y�,1�A -�

�
F .#($A�, X� �+; (�<% .M� ��+� ))F( �+; X()
V�� %|�jF(�^@BA%.	 X%|�F(`.� X�-%��F(-.	 X

�<% ].<(]��j[.

��������
��� ��5� �
%.A6_%.F �9
<(�< o:�4
�%6)D/M/D(�.M� 1% 
�
.,��
D4 N��:�%
��5681�� �2 �� �! 1
4.
1% �
?.F &

�-)3���<% ")  "��@:<% �<% ]v[.% �� 
.M� L
.,�� �
D
H!�<(4 )B= o:�
�%61 G�+c �A 
.l, .
� X��+ :

)�(





































=









+=
∏

11

1

cossin.

sin.
cos

k

k

r rrr

r

r
r

i

i

C
B

ηδδη
η

δ
δ

�!k4 %)l,
���5rδ����C 1�	 4 .5
��pr ηη ,�
%)5 
.5�z6�+�6%.A }H:��6A \+� ^JbU �S-P�A �! )B:�5
,.,(�A p1 G�+c
	.l� .���)�+  :

)�(
rrrr dN θ

λ
πδ cos2

=

)j(%.A6^JbU SiknN rrrrrr θθη cos)(cos −==

)|(%.A6^JbU
 

PiknN

r

rr

r

r
r θθ

η
cos

)(
cos

−
==

�!.C
A YZ[ - ^A�,1�A ��+Jg p�1 G�+c
� �J<�3� .��+ :

)~(
*

00

1k0

C).BC).(η.B(η
).Re(η4.η

T
++

= +

)q(*)
.
.)(

.

.(
CB
CB

CB
CBR

+
−

+
−

=
0

0

0

0

η
η

η
η

)v(
*

*

).).(.(
).Re(..

CBCB
CBA m

++
= +

00

104
ηη

ηη

%.A�BA
L1% "��@:<% �A �bA%�)�(����,�� .
4 .5 D
%� �
�� DR< - �J<�3�
)*
.,�� Y.C .#
���J<�3� �A - "�.!

.C
p�56B-C".:�/ ��6\+� N+F nmm����0�� 

.C%
��+Jg pY�,1�AYZ[ -�A� �<��2
)B.%.A6% I�h�% 
L

3� 1% G�J<�3�(+� ����.A }
��14Mathcad ")  "��@:<% 
�<%.

������ �������
�� 
<(�< o:�4
�%6�6.:*�% 
&/'H	/�6.:*�% 
&)D/M/D(�A

"���6�6.:*�% 
@�+< &(-� )6- D� �".�� �EF G%'H	 -
�+�2(B() �:	./ .M� �� I+..C PA%+,
��*  p)n(-.C
p

 +��;�)k(%.A 6%
4 L
��A �5 G�+c
),(/),(/),(/),(/),( 4433322211100 knglassknDknMknDknair ddd

�<% ")  �:	./ .M� �� .�A G�J<�3� ��
PA%+, 1% )�A�O�56
:Q%(*��+  "��@:<% \+� N+F p�_ .A .)A
"�%� 1% �+MB� L-
�56A.h, ��+[+� ]���[�%'	% I.� 1% "��@:<% �A -Origin 

Pro7lA%+, �A �A (.:$
#:�J75 L�)�)  S1%.A .�,((G%.
�A�O�56:Q%(*�<�.A ��+� �%+� �V* �� \+� N+F p�_.A

)�(�<% ")  "�%� ��$�.
%.A6
L:	� ����C�A(�B64
�6I+< - N-% )ZnS(�A

A(.:$
_�� �� �+Jg )c�� L(`.� �������4 ����C 
�6
'H	)�+�2 �D� �".�� �EF(B(I+(�A�O) �:	./ .M� �� .�A-

�-% ��-2.A �+MB�(�64 ����C 
%1% �A I-� �6����C �56
4 XH:��
�6N-% )
I+< �(4 ����C �
�+F I-� �6�! �<% 

A(.:$
) �A �: %� %� �+Jg L.V* ��)�(%
L�,((��$� G%.
")  "�%�%.A �! )�%6� ��+� ����C VU%)_ 'H	 .5 (��$� 1�
�<% ") .S�%'/ ���56� �A�$� (75 �-)_ '(����C L�5

�<% ")  S�%'/]q�j��[.BW75(�A L.l,
.:�%��Q Xf�

)
1

3

d
df =(%1% �A - �6�A�O �56:Q% (*�%.A6�� �+[+� �%+� 

�� ��:;�< \+� N+F nm550=λ�, ((.C G%.
.A �+Jg p
p�_4 ����C
�6%1% �A N-% 6���� 
XH:�� ..:�%��Qf

")  o<� - �J<�3� �<%)V* j.(�*��B= � ")5�$� ��+ 
A%.6.:�%��Q 'H	 .5f�:� �! �<% G-�@:� 
N-)[ �� �2 �)�(

")  "��-2%)�.%.A�BA
LA(.:$
�+Jg L���1��(�! �<% .�
4 ����C
�A .A%.A I+< �13 dfd ×=) �A .?.F 1%�
�A .#

.l,
X�+:!�	 ZA��bA%� G�+c6)w(��� �%+,(�� �+Jg �%'
_��(`.� ��%'	% %� 
_%+� �� %� Y�,1�A - �%� ^��
�%)�� �A .#
A($(��<� �+; �B().G��Jg �A�
�.#% �= .5 
�A �+:!�	 L
&

�'�
�+  .:* _�� �� �+Jg(`.� ��A(_%+� �� Y�,1�A - .:$�
�
.#A() )5%+; .:$ ]�� [.



)H[ ���"��7  �����A�j�� �(J 61�< -�
4 �;�< � 6�5��:;�< +�� ZnS/Metal/ZnS  -. . .�v�

6�� 7X�% (�, �%�+7�((.C G%.
Y ��*  p(.C
 +��; p�\+� N+F p�_ .A ")  "��@:<% �%+� ]w[.

6�� 8�, G�J<�3�((4 ����C G%.
�6N-% )I+< (.A4 p�_ 
A �+Jg �%1% �A I-� �($(%.A �B6�-% ����C ��-%.A (�64
'H	 �.

6�� 9J (�1�<6<(�< o:�4
�%6ZnS/Au,Ag,Cu,Al /ZnS%1% �A 6���� 
.:�%��Q XH:�� .f\+� N+F �� nm���.



�H(H[.(� ��A��� ��h�A �� .U ��%.
% �<�B  ���! - �<�B �+HA �Hh �v�

)a:0.95, b:1.0, c:1.05, d:1.10, e:1.15, f:1.2, g:1.25(f= 
:	�/ 7�:�
G�J<�3� �����C�56�<4
�%6�56J (�1�<6")  )glass(1 mm)/ZnS(d3)/Metal(d2)/ZnS(d1)(

;.< d1(nm) 
1

3

d
df = d2(nm) d3(nm) 

1�)� "/>?  "@/" 9/7A B/9A 
 �C��*�D� @/EE  "@/" A/F G/GA 

HI @/>J  "?/" F/7B F/G8 
K  ?/E"  "?/" B/7L L/GL 

)w(
UV

IUV

IR

IR

VIS

VIS

d

dR

d

dR

d

dT
Z
























⋅












=

∫
∫

∫
∫

∫
∫

λ

λ

λ

λ

λ

λ

%.A�BA
.:�%��Q 1% "��@:<% �A Lf")�2 �<)A �A ����C -(�B6
4
�, I-� - N-% �((�+:!�	 G%.Z4 p�_ .A 
�6�J<�3� I-� 

-) o<�)V* |(-%
�:� L
N-)[ �� �)�(")  "��-2)�% .
V* �� )�(F(�/%., X(�+Jg - V6�A ��:;�< ���= .5 
����C�56�A(�B6J (1�< �6")  o<� ")  )�% .

6�� G�,((�+:!�	 G%.Z4 p�_ .A ")  �J<�3� 
%1% �A 'H	 �6�A ����C (�B64
I+< - N-% �.



)H[ ���"��7  �����A�j�� �(J 61�< -�
4 �;�< � 6�5��:;�< +�� ZnS/Metal/ZnS  -. . .�vj

6��FJ  (�1�<6%�
���%6F(�/%., X(A�,1�A - V��5��:;�< 6<�.A ��+� �.

M	� 	 N�� O�	P� 
1% "��@:<% �A�
4 "�#:<�.(�J, ��$�6E; �� N)�VAS �! 

',�%+! �+HA �A '�h�%.A 6"1%)�% /(.6�)g N.:B! �A �����C 6
N)�FTM6 �U� �A 
�I.:�#�2 &��:;�<�56�<4
�%6�A

����C�56�A(�B�")  �J<�3� 4
���$��)�)  .�
4.
1 6�5
�$( %6��lA% �A mm7525×QD- ��  1% + 6�(�-% 

NE_ ���56�
%�1 �A.= �+:<% - N+��Q-.Q DR< - ")  �A

Y2
�+(")- +$:�  ��� ��6Cow� )�)  &$; .DR<
��+7�)B:	./ �%.U "�#:<� �E; �M@3� �� �5 .@�+< ��+Q(-� )6

-
*�G%'H	 1% )EF- D� �".�� �
�+�2 �(B(I+e+H; )c�� �A 
%��/�� (�,+A ��6�5 "�%� �%.U L:�#B, )�)  1% DQ -H�,(�
�A��*� �7Q (*�-H�,(���$	 �, mbar106 6−×-�('�AI./

��.!�
4 .
1 �5�-)_ �,Co����AN�7g% �A - 6�+� L*�./ 
�,+A �A ��
.[�
4 �5�B52 �A ���$�1snm −⋅�/�%) I�h�.

�
4 1% DQ ���$���+7� �) �.< -<�.A �5��561
) I�h�% ..

�����������
�� �
+#�%6S%.Q +,.Q%
A D*�<-(�H
&"�#:<� �B< S%.Q N)� 
H	(I�@*, +,.Q �A DRCuKα).( A&5405981=λ�y�:�- 

kV40�.[
��mA30-��� ��6�,% ) I�h�% �.-%1
L*<% �
)θ2(A(L���,��A �Hc�	 - �[�� (I�/ L�51Sθ205.0 −

Y��:�%%.A - )�) 6H3, (a.F V�56]�5 "-./6[I.� 1% S%.Q
 �%'	%XPert Highscore2003)  "��@:<% .% .A "-Eg
�L1%

�(�-.:*�% �+*<-.*�)SEM (%.A6<�.A��
��<�B �
��+7� "��@:<% �5) .

1�����Q��������� ������C� 	���
F(X:Q%(*��/%.,(H��� -�� 2���+7� )���A ".:�/ �� �56

�'� ].<-.	 �, ^@BA%.	
&)nm�����n��(1% "��@:<% �A �
F(X�B<+,.Q -�6)N)�Cintra6 UV-Visible("1%)�%/(.6

)�)  .BW75(l, ��[ L((�-��� L3b< �����7/ ���= �%)� �
y�:�-�.[
, ���= 1% V*$:� ��('H	 ��6��lA% �A 

2mm6.010300 ××�Hc�	 �A -
���*mm101% 

)*
_%.F .#�) �:;�< -."�#:<� 1% "��@:<% �A DR<

.[
���N)� y�:�- Keithley 24003b< ��-��� ���+7� �5
"1%)�%/(.6�./ 
).

1�����Q���� �Q ���� 1�R��N �� �����
 ������
%.A6l,((� L(.F 1% ��./ N��:�% �%'
F ^A�, �( �+; X(1% �)

4�5 N�:� ��4
)m��G%- F �!(�'� �2 X
F �A &(X
�/(H� �+; () "��@:<% ��<% ).)A
-� �$Q �! G�+c L
�I4
*�4
��$� ��� - ")  
.#64 �-)A 
B<��� -� �A �� �

�)g6N)� Leybold-Heraeus �A ���7/6HA+!+�., �1%

DB[NiCr- Ni �U� �A -Co�/��Hc�	 �� - Vc- 6
�'�
��%)��:<% ^A�, �3, ��4 &AM1.0�G)  �A 

2mW.cm10 −�	./ �%.U .G)� �A DR<j�U�(��� -� .5 ��
%.A6�% o5 1% %)[ �5 ��+7� I�7, "1%)/(.6)�)  .

S������ 	�
+#�%6% +,.Q S%.Q 
D*)XRD (<�.A ��+� ��:;�< ���= .5�
��V* )q(��$��<% ")  "�%� .%
4 �< L
�%6� ��$� �5�-

#75 �! )5��1%
�1 &(*$, ?�+�2 �B(")  V �� �! �)�%�
.:�A 1%6 1% ("��� - �$6@�+< (-� )6�<% .BW75(�� L

+#�%6�HU �S%.Q A G)  �A ($(�B6� ")5�$� 'H	 .5 ��! �+ 
4 s+@� .A "%+/
�64 �� 'H	 
@�+< �(-� )6�<% .% �:J�%
L

�(A ���Q1�A N�7g% �A - �<% o! s+@� �%'(- ")  .:$ ��:;�< 
	(?�+�2 ���_ 1% oH�A�+HA ��:;�< 6)J,
� V��+ ]���

��[.BW75(��� �A L
�A �� ��%)��:<% G��!! )  ��$� �
%-1
�6�+�2 - D� �".�� �EF G%'H	 S%.Q (B(�A I+,.,(�� p

038.4343.473,37.934,38.269,2θ =Jl*� ��:;�< �A .z�B:� �
��	 "-./ �A�
Fm3m�%.A �[�% G�3@c- )��� (]�

��)5�.�bA%� 1% "��@:<% �A 6)��(���*J  .:�%��Q �%+,6
G%'H	 �J<�3� %� .!�]�n[.

)��(222
,, lkhda lkh ++=

��)( �+; ^A�, 6�5 ��%)��:<% 1% �*
 �� )( �+; ^A�, N��l� �! 6
�<% 6�+7g G�+c �A L(�1 �b<)Air Mass 1.0.( 



�H(H[.(� ��A��� ��h�A �� .U ��%.
% �<�B  ���! - �<�B �+HA �Hh �v|

 �� �!%
�bA%� Llkh ,,�;� �56�(- .Hlkhd ,,�Hc�	 6

A(- �%.A G�3@c La�*J  �A�O 6�+HA 6�<%.����
..:�%��Q 
�*J  �� N-)[ )�(")  "��-2%)�..:�%��Q�56�*J  6�J<�3� 

S1%.Q 1% ") A+;����� �A 
G��! .�56�! ��%� ��%)��:<% 
`�,()6�<% 'H	 1�	 &, �+[- .A .%.A �:J�%6A����-2 �<�

U� �%)��(�A �*J  �A�O �
S-� 1% - �HU )B= 1% "��@:<% �A )
.:7!
G�lA.� L)L5+!(% �� �! �.! "��@:<% 
�A �[ L��(o! V

4 ����C ��+A
�HU }�	 �6Hc% �%
1�	 L)�)  .5�z �5 .
BW75(�, �+= L((% G%.
�<% I.:�#�2 I)c )_ �� �A�O L

�b; 1% �!6"1%)�% /(.6�A�O %Z� ��<% .:7! �� G%'H	 �*J 
�, ��:;�< ��+7� ���=((.6�<% �: %)� .%.A "-Eg
"1%)�% L

G%�s �.  �bA%� 1% 
θβ
λ

cos
/ 890

=d�J<�3�) �)� �! % ��
L

�bA%�β�%)�� L�Q/) �A G)  Xf� �� S%.Q }; ($(�B
)�%� p�_ .A
��(-θ-%1
�6S%.Q �<%]�m[.� ")5�$� �-

%'	% �A �! �+ 
"1%)�% ^63b< ��-��� �'H	 G%�s ���+7� �5
^5�!
%.A�BA �<% �:	�
%'	% �A L
"1%)�% ^6G%�s )�
'�5 ��%� (
�Hc�	6A(�2 L� .:7! �5�)Q N�7:_% - �+ 
")6�1 V�+, �

A(�2 L� - �5(/)B��<� '�3b< �4
%'	% �
^
)A�.
��-.:*�% �+*<-.*(� .
-�f, 1% ��+7� -�)SEM ( ��

V* )v(")  "�%� ��$�)�% .��
����� ��$� -� L
% 6�! )5�
��+7���%� 1% �56�5�B(�1 �� L -� 6.:�!�; ��� ".(, 6
$,")  V(*)�% .BW75(��+7� L�A �5*��%.:<% S-��X��:<%.! 

6�� B+,.Q S%.Q a.FX4 �< 
��56��� �� ")  �:;�< 6-� ��,% 6 .:�A (�$%6.

:	�/ 8����
"1%)�% ./(.6�5.:�%��Q ")  6��:;�< 6:Q% -(*�.

FTC 

[ 14.0 −Ω± m ]
R1700
(%)

Tlum 
(%)V(�/%., ��nm550=λ(%)

��-��� �3b<
[ 2.1.0 −Ω± cm ]

�*J  �A�O 'H	
)A(

"1%)�% G%�s
)(][

2
0

θ
��:;�< 

��/m�/��m/�0�� �/�m ��/m��n�/n�ZnS/Au/ZnS

~0/��/�0�/���� ~/�n ��/m�nn0/n�ZnS/Ag/ZnS

~�/0�/��n/~n�0 �/�m ��/n0�mm/mnZnS/Cu/ZnS

��/��/��0/~0�0 �/m~~�0 �~/m��n�/n�ZnS/Al/ZnS



)H[ ���"��7  �����A�j�� �(J 61�< -�
4 �;�< � 6�5��:;�< +�� ZnS/Metal/ZnS  -. . .�v�

6�� L-�f, 
.SEM�5��:;�< 6X�% (ZnS/Au/ZnSY -(ZnS/Ag/ZnS.

�)SK (� ) ��
�A �! )BA���%� G�+c�5�
�1 �� ")B!%.Q (�B6
@�+<(-� )61+, - )B:�5 
��%� P"1%)�% - �56�, �2 .
�J


�<% �;%+B* .^5-TQ ���56HJU �]��[5���./ .O% �! �.A
��+7�6ZnS/Au/ZnS<�.A ��+� �")5�$� �<% �:	./ �%.U 

%'	% �A �! ) 
��� ^6��� �, 6Cº���"1%)�% 6EF G%�s 
%'	%
� ^�
� - )A�
��%�'�564 �� EF 
�6@�+< (-� )6s+@� 
���A - )BB!'[ G�+c
'[ ".
$, ".*(� V��- )�+ ��A

%'	%
A �A ��� ^(1% .:$Cº���4 �
�6�!% 'H	 (- ")  )
/)B��<��� ^5�!�
)A� .:� ��(%'	% �A �h
G%�s "1%)�% ^)�
'-

��%��5(A �Hc�	 �(�2 L�+HA ��:;�< �+J�A - ")  .:7! �56-
/)B��<��3b< �4
�A %� ���%� "%.75.

� ��$� ��%)��:<% G��!��! )5�-%1 
@�+< S%.Q �(-� )6
��68.282 =θJl*� ��:;�< �A .z�B:� �)��� (��:;�< -

^  � +/)��0 (�<% .� ?.F 1%
�! �<% ")  ")5�$� .#
4
�681�� ZnS%.A 6����C �561% .:7!nm��� ��:;�< 

^ � +/%.A -6����C �56A(1% .:$ nmn�� ��:;�<
�+HA6Jl*� ��+; 1% ���$��)5� ]�m[.A %Z� ���(����C V

��+7� o! }�	 �5�-%(�HU L6Hc% �%
�! )  ")5�$� ��:;�< L
��:;�< �A r+A.�^ � +/ �<%% �A �[+, �A -
% �� �*B
L
N+�h� -� ��:;�< )ca,(%.A 6�A�O �56�*J  ��%� �+[-��A


&�HU7��A %� �*J  .:�%��Q �%+,��:<��l,((L.!�.
F(�/%., X(H���+7� V*  �� �5 )��X�%(")  "�%� ��$�

�<% .� ")5�$��A �! �+ ($(�/%., �B(_�� �� V(`.� ��

0��
4 ) � �B(A�B(A ) � ".
'[ - 6% �
 &
 V(*$, 1% DQ �! �<% 6%
".
'[ �V��! �
4 &, L
)B= �5�/�� V(*$, �5)�+ .

)nm����m�� (.:7! -
_%+� �� �2 L�].<-.	 - ^@BA%.	 
-�6��)5� .F ��(�/%., X(H���+7� �5�%+� �56H;%), �

7� ")5�$�� �� �!)�+ �1%
:;%+B*�81�� - ��+A �%+75 �
4 ��+A
��56�,(�<% ")  �.BW75(V* �� L)��Y(

F(�/%., X(H�A.h, ����� �A 
J .(�1�<6%.A ")  6��:;�< 
ZnS/Au/ZnS")  "��-2 � ��$� �! )�%��:� )5�
G�J<�3� �

!)�% G-�@,����� �A 
"1%)�% ./(.6��%� ")  .%
o! ?E:;% L
 �����+A G-�@:� 1% �A�O �56:Q% (*��� "��@:<% ��+� �%+� 

4 �A "�+, ���_
�6�<% 81�� ]�m��0[.%.A6<�.A �A(.:$
�(���<� �%'�
	�@  -(�5�+:!�	 ��6� 
#:���%1-.	 -�

�/%.,()�)  �J<�3� ")BH .� �+:!�	
#:��j7�� .:�%��Q�
�bA%� �! �<%6A(:Q% e%+; L(*�.:*�% -
*�4 �� %� 
�6

�<���6A ?�@  (� ����A - )B!1 G�+c
.l, .
X���+ ]�~[.

)��(
s

TC R
TF

10

=

% ��
��bA%� LT�/%., (	 V(\+>� N+F �� oHnm~~� -
3b< ��-�����<% ��+7� .N-)>[ �� )0(V*>  -)�(�>:�
�

G�J<�3� 2")  "��-)�% .� ��$� �!�4 �>< )>5� >
�%6'>H	 �>A 
,., �>A ".�� - D� �EF >( � �+:!�>	 p>
#:���21 �>5 >
 - .,��

)��!
%)6A+; �%.A 6% �;�>< >
��:;�>< L)B:�>5 �>5 .l�>(��
�
.#6%.A �! 6�A(�B1�<6F �� ?�@  ��:;�< (`.� X�'`�>_ 

75%(�%1-.	 ��<% ���/%., (")BH|��G�+>c �>A �! ) �A1>
.
.l,
� X��+ ]�����[.

3- Figure of merit 
4- Luminous transmittance 



�H(H[.(� ��A��� ��h�A �� .U ��%.
% �<�B  ���! - �<�B �+HA �Hh �vq

)�j(
∫

∫
)(

)()(
780

380

780

380

λλ

λλλ

df

dfT
Tlum =

�!)(λTF(�/%., X(H�- ��:;�<)(λf5�1�A�^$;�� 
"1�A �� �! �<% ����% o$=6\+� N+F nmn�� �, 

nm����!�AlA�, G�+c�<��/ �A �! (.:$
2 �%)�� L�� �
\+� N+Fnm~~~ �A .A%.A ��~/�%.A -6�A(_%+� ��N+F 

[+��.l, �<% .@c 
� X��+  .%.A "-Eg
�� Y�,1�A )c�� L
\+� N+Fnm����)R1700(HA�U ")B5� ��$�(1 �
Y�,1�A ��

_�� ��(�'� ].<-.	 �
�<% &]��[.�:�
% �
�� G�J<�3� L
N-)[)0(")  "��-2� ")5�$� �! )�%�+ �%1-.	 �+:!�	 ��
�/%.,(- ")BHR1700%.A6A ".�� 'H	 �A ��:;�< (�A 1% .:$(�

�<�5��:;�<� �+:!�	 ��% �
#:��EF 'H	 �A ��:;�< 1% �2 
�<% .:7! .,�+c�� %Z��	�@  �! ('H	 �A ��:;�< ) �A a.b� �

�- �<% p<�B� ".������<� �2 .A "-Eg ./% �
�) �A .M� ��+� 
'H	 �A ��:;�<Q EF (� ���B$��+  .

6��TX�% (�< V(�/%., �B3B��
46�5 6-� )(@�+</'H	/6-� )(@�+<)".�� - I+(B(�+�2 �D� �EF (Y(��
����(J  �
�:� 6.
���� �A 61�<
6-� )(@�+< ��:;�< 6%.A �A.h, /EF/6-� )(@�+<.

6��U< 6%.A �#:�
�  �+:!�	 - �3b< ��-��� .
�����
4 �6�5 6-� )(@�+</'H	/6-� )(@�+<.



)H[ ���"��7  �����A�j�� �(J 61�< -�
4 �;�< � 6�5��:;�< +�� ZnS/Metal/ZnS  -. . .�vv

� ?.F 1%
%.A .#6<�.A �A(�, �.:$((��� G%.�
 (�$-
�564
���$�� �A �J�� ")  (�$64 �-)A 
"�#:<� �� �
J (� �+; 1�<()6%.  �� 
��%)��:<% })2mW.cm10 −(

AM1.0 "1%)�%/(.6) )V* ��.(%
L�,((� ��$� G%.�)5� 
.:7! �!
� L(F ].<-.	 �+Jg �%'( �+; X(�A ),.,(�A p
�5��:;�<6�+�2 G%'H	 �A (B(�<% �:�A%- ".�� - EF �D� �I+
� �g�A �!�F �+ (��./ X�
 1% (D*g.A - )B*� �+Jg �$

 �� ].<-.	 \%+�%��<- 1% 
��./ V
$�3� �� �! (H;%� }�
� ?.F
 .#(�$)".hBQ (Y�,1�A )B:�5
)BA� .%% 1
)Q L
")

��".hBQ �� �%+,�56y.�% ?E,% )C 6�.! "��@:<% .

���N�� 
1% ��+7� ���=�<� 6�5��:;�<+�����< ?�@  6��
4-

6%ZnS/Au,Ag,Cu,Al/ZnS �B(�A �A �
4 ����C ��.! -
)(@�+< 6���<.7(� - I+(B(�+�2 - D� �".�� �EF G%'H	 6�5

�(J  6-�)�)  61�< .(�A 6�5��:;�< DR< .(�J, S-� �A �B
�$(  .:�A 6-� �
��./)�)  ���$� �
4 6% .��+7� �:;�< 6�5 

DA ") ��%� ��:;�< �A �+HA 6�5+#�% �A �[+, �A - )B:�5 6%
��+7� I�7, �� ")  �(�, D*
% +,.Q S%.Q )(@�+< 1�	 -� �5

)�)  ")5�$� 'H	 - 6-� ."1%)�% �
�:�6.(/ ��$� �*(:Q% 6�5
��F �! )5���+7� V(�/%., X(�(J  �
�:� �A �5 1% 61�<

�<% �%��+;.A �A+; ��:J�� ��%+�75 ."1%)�% �A L(BW75 - 6.(/
�J<�3� ��%1-.	 ��#:�
�  �+:!�	 �V(�/%., X(F 6

��:;�< �! )  ��$� ��./ N��:�% �%'(� - ")BH(�/%.,
ZnS/Au/ZnS�A �#:�
�  �+:!�	 L
.,4�A V(��)1mΩ6.4 −(�

�3b< ��-��� L
.:7! )-2Ω.cm14()c�� L
.,4�A -
�`.� �(_�� �� V(�/%.,%)��(a+b< �� "��@:<% 6%.A��<� 6�

 ��:;�< - �?�@ ZnS/Ag/ZnS .:7! �#:�
�  �+:!�	 �A 
)1.52mΩ0 −(�3b< ��-��� �)-2Ω.cm5.13()c �� -

�/%.,(� �� V_�(`.� ��%)��(%.A6�5��:;�< 6)C ?�@  
_�� �� Y�,1�A(`.� ��� ��:;�< -� �A �J�� �
.#

ZnS/Al,Cu/ZnSp<�B� )�., .BW75(� L(��./ G�@H, �%'�

%
.�, ��:;�< -� L
��J
�<% ���* .

6�� "@"1%)�% �
�>�� G%.((�, 6.(/)�(�$>( )0(ZnS/Ag/ZnS )n(ZnS/Al/ZnS )m(ZnS/Cu/ZnS )~(ZnS/Au/ZnS ^A�>, �>3,
��%)��:<% AM1.0)2.10 −cmmW(.



�H(H[.(� ��A��� ��h�A �� .U ��%.
% �<�B  ���! - �<�B �+HA �Hh �vw

V/��  
[1] A.M. Al-Shukri, ‘’Thin film coated energy-
efficient glass windows for warm climates’’, 
Desalination. 209 (2007) 290.
[2] S.M. A. Durrani, E.E. Khawaja, A.M. Al-
Shukri, M.F. Al-Kuhaili, “ Dielectric/Ag/dielectric 
coated energy-efficient glass windows for warm 
climates’’,Energy and building 36 (2004) 891-898. 
[3] C.G. Granqvist, ” Transparent conductors as 
solar energy materials: A panoramic review”, 
Solar Energy Materials & Solar Cells 91 (2007) 
1529–1598. 
[4] C.G. Granqvist, " Transparent conductors as 
solar energy materials: A panoramic review", 
Solar Energy Materials & Solar Cells 91 (2007) 
1529–1598. 
[5] H. Pang, Y. Yuan, Y. Zhou, J. Lian, L.  Cao, J. 
Zhang, X. Zhou, ’’ZnS/Ag/ZnS coating as 
transparent anode for organic light emitting 
diodes’’, Journal of Luminescence 122–123 (2007) 
587–589.
[6] C. Guillen, J. Herrero, ”ITO/metal/ITO 
multilayer structures based on Ag and Cu metal 
films for high-performance transparent 
electrodes’’, Solar Energy Materials & Solar Cells 
92 (2008) 938– 941. 
[7] H.A. Macleod, “Thin film optical filters”, 
Third edition, Institute of physics publishing, 
(2001). 
[8] E.D.Palik, “Handbook of optical constants of 
solids”, Academic press, USA, (1998). 
[9] P.B. Johnson, R.W. Christy, ”Optical 
constants if the noble metals”, Physical review B 6 
(1972) 4370-4379. 

[10] S.M.B. Ghorashi, A. Behjat, M. Neghabi, G. 
Mirjalili, ’’ Effects of air annealing on the optical, 
electrical, and structural properties of 
nanostructured ZnS/Au/ZnS films’’, Applied 
Surface Science 257 (2010) 1602-1606. 
[11] Y.P. Venkata Subbaiah, P. Prathap, K.T. 
Ramakrishna Reddy, ’’Structural, electrical and 
optical properties of ZnS films deposited by close-
spaced evaporation’’, Applied Surface Science 
253 (2006) 2409–2415. 
[12] Pei Zhao, WeitaoSu, RengWang, 
XiaofengXu, FengshanZhang, ” Properties of thin 
silver films with different thickness”, Physica E 41 
(2009) 387–390. 
[13] B.D. Cullity, “Elements of X-ray diffraction”, 
second edition, Addison-Wesley, MA (1978).
[14] P. Prathap, N Revathi, Y P Venkata Subbaiah 
and K T Ramakrishna Reddy, ” Thickness effect on 
the microstructure, morphology and optoelectronic 
properties of ZnS films”, J. Phys. Condens. Matter, 
20 (2008). 
[15] G. Haacke, “New figure of merit for 
transparent conductors”, J. Appl. Phys. 47 (1976) 
4086.
[16] G. Leftheriotis, S. Papaefthimiou, P. 
Yianoulis, ”Development of multilayer transparent 
conductive coatings”, Solid State Ionics 136–137 
(2000) 655–661. 
[17] X. Liu, X. Cai, J. Qiao, J. Mao, N. Jiang, ”The 
design of ZnS/Ag/ZnS transparent conductive 
multilayer films”, Thin Solid Films 441 (2003) 
200–206.


