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

÷

���� �� �	
���
� �	� ���	���� 
� 
������ ��
� 
�� ���
���	
���
� �� ��! �
" 

#��� �$%� &
'( 
)
*+��*�� �*
"
� ��,-� .*+�/0
* 
1��,-� .2

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

#���3 :��- �
�%./01���$2�)CH3NH3PbI3(�� �3 �� 45�6 �
7 8'9:23 ��'� $"+�9; �9� 4<6 ='03 �> �?.�:� =@0�' A�B C"
D9E.�� #��FG.' H9. C�� =$"+�9; =�I�9+ .D9E. �0%E*K �� �*�� L�� �9� #$::> 4<6 �
7 �(:
�9E3 =$"+�9; =�I

�� =,�3 �G
�%./01#��� M9� / $:>�� #��FG.' �
70
, 8'9:23 �> ='� C�'9K ,' �%
 �9+ 45�6 �
7 �(:
�9E3 03 0N9�.' .D9E. ��-
�:"�9�- ,' ��G;�.03' =$"+�9; =�I)H9":"�9�- $"�>' (�� #��FG.' �9� 45�6 �
7 O
0
, �
7 8'9:23�9+ .,�	 ����� O
' �� / �F�- =�I

#$+ #��FG.' O
0
, �
7 8'9:23 H9":"�9�- $"�>' =���B 0N' / $�'���- �%./01 �
7 �(:
�9E3 03 D9E. �0%E*K 03 0N9� =�I0G�'��1 / �

�.' #$+ �.�03 =$"+�9;.$"�>' =���B ,�	 �=$"+�9; D9E. �0%E*K 03 0N9� =�I0G�'��1 �*I OG	0B 0P� �� �3 �> $+ Q�&�

D9E. �� #��FG.' ='03 8- =�F�- ,�	 �3 �?�� H9":"�9�-�ER0� /� S/� �3 �> �G
�%./01 =$"+�9; =�I�� �G;�. ='�$�9+ T.�:�-
�.' 0U.

#5������6 �
":H9":"�9�- $"�>'V�(:
�9E3V�
�%./01V=$"+�9; D9E.V���&� �
7.

���/� 
�� �E> ���R �� '� �
�%./01 D9�0	 �3 8'9UAMX3�'� 8�&�

 8- �� �>A���-0"W �
 ��- 89"U�>M/ =!E	 89
X89"�-
 $:G�I]�.[D9*2�'9:23 �> �?">0U / ��G;�. O
0U 8

D9E. �� �
�%./01�� #��FG.' =$"+�9; =�I �9+
CH3NH3PbI3�.' �E> D9�0	 �3 ��
��� �� �>8�"3 #$+
�
�%./01 ='03�A�M/XT"U0U �3CH3NH3

+�Pb2+/I-

$:G�I.�� �
�%./01 ='03 =�9E3 ��G;�. �. ���� Z�.' 03
�� 0P��+9B���[ ��?2%� C��+ �> $�0"B�.'� / =' �+9B
G�I$:])[.

D�. ,'���� �>O"G��� 4<6 8'9:23 �
�%./01 ,' ��3
D9E. �� �9� #$::>�69U �$+ #��FG.' =$"+�9; =�I �3 =��
,

D9E. #�,�3 #,/0�' �> =�9\ �3 �.' #$+ #��� O
' =�I
 �/$R �3 �
�%./01 45�6 �
7 �3 #$+ �G;�. =$"+�9;��

D9E. �3 ��
��� C3�] �> �.' #$".� $^�� =�I =$"+�9;
 ��9%"E". #$+ =��_U�.' ]��`.[
�
7 M9� Z�.' 03D9E. ,' M9� O
' ='03 #��FG.' ��9� =�I -
�=$"+�9; =�I �G
�%./01 �E> ��G;�. �. /0� �ab.

 ��G;�.03' / C�E�G��� �G	0B 0P� ���9+.
D9E. ,' M9� O
' cd%&� ,' �%
 =�'$e
�1 =$"e+�9; =�I

 f"g� �� �
�%./01 �
7 h>�.' ]i.[�
7 79*2� �> ��- =�I
 ��A0\ /� �e� #��FGe.' =$"+�9; D9E. �� �
�%./01 �
7-

�e� L:e>'/ f"eg� �e39\� / 8j"�>' �3 $�9+ 0e3 �e> $e:I�
�� �F:� 0"N�U =$"+�9; D9E. �0%E*K ��'<B]k.[�9eP:� �e3

�� �"2l/ O
' �9?�3$"�>' ,' 8'9U�
7 =�6 �3 =!E	 =�I =�I
+ #��FG.' ��-D9E. �� #$ �e> �0e> #��FGe.' =$"e+�9; =�I 

$��'$� '� A'0\' f"g� �� =�'$
�1�� C%&� 0(
�]m.[�> 8�:[
 C%+ ��)�(�� #$
�D9E. �� ��9+03' =$"+�9; =�I ��G;�e. 

∗OFEU �D9n�� #$:�
9� :�����`�����03�*� �:opqpm)oo�p)��%"�/0G%�' ��1 :mborhani@yazd.ac.ir 

/ ��"3 D�.h&+ r��*+ �H9. �!"
�1 ��sgF^ ,' ��t� �U��� 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

                               1 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html


��\�� �=$��, ���I03 �#�', �&�3 8��6 �.�:+ ���> / �.�:+�9E3 �E_� 8'0
' ���

7� 8D9E. ��G;�.u�' �G
�%./01 =$"+�9; =�I-03'4 ��G;�.-C�E�G� /!�.

H9":"�9�- $"�>' ,' �H9"��G"U $"�>' C�E�G� �
7 =�6 �3
�� #��FG.' D��G�' �K0. H9"��G"U $"�>' �3 �?�� �> �9+

h> vK�3 �_"G� �� / ��'� =0G&"3 8/0G%�' 8$+ w:I-
8/0G%�' T">0U,�3�=$"+�9; D9E. �0%E*K 8$+ 0G�3 / #0FR

���9+ ]x.[

9	
��� :�� 

#�
;��� ���� <�=�'>? � ���� 

DdR / 0U' C"U' =� �D9��1/01/!
' �89G.' �D9��U' =�IDMF�/
h":"�9�- c�F�9. �H9"�9�- c�F�9. O":y*I�mC"G� ��3-

  
$
/�$"I $".' / H9"�9�-)HI ( $
$
 �'9� / z0� �>0+ ,'
 40.)PbI2(0"*; �TiO2�&"+ /�FTO u
0+ �>0+ ,'

$�$+ =�'$
0; �79..
C%+))(8�&� '� LI/j1 O
' �� #��FG.' ��9� C
�./

��$I� .�
7 #�(G.� ,'�&;0[ ���&���K0. h"P:U �"E3�] �3
�
7 8��, /���&�)8'0
' �;�.(�
��� c�*"P:U �3 ��	' #�9> �

/��9*� ��1 ='03 ����,�
7 =�I #$+ ���&�)8'0
' �;�.(�
�&3/� ��/0G%�' {9%./0%"�)D$�VEGA3 TESKAN 
 [ =�9�*6 �9&> �;�.(�"?+ #�(G.� �$"+�9; �9� ,�.

�|�&� ='038�
06 �3�
�@�G�/)8'0
' �;�.(�
7 #�(G.� �-
�
7 ='03 S�1/$:> ���&� d\ �/0G%�' ���&�)8'0
' �;�.(�

#$::> H0B)8'0
' �;�. ($+ #��FG.' .

1-Dimethylformamide 
2-Fluorine doped Tin Oxide 
3-Spin Coating 

�*�,* ��'?
"
#,'$�' �3 '$G3' ��G
�%./01 =$"+�9; D9E. �;�. ='03�

�&"+ =/� =���.� �
7 ,' 0G� �E"�=�I FTO ,' #��FG.' �3
 ��91 =/�(Zn) DdR /HCl �CR'0� / �G+'�03 �79�

 / 89G.' �0b�� 4- �893�^ 4- �3 T"U0U �3 8- =9&G+ D9��U'
 H�_�'$+.}~.$. L�� �> #�0&	 H9"��G"U $"�>' =� �
7 -

LI�> �_"G� �� / #0FR �>0R 03'03 �� �B$::> w:I-
8/0G%�' �/, T">0U,�3 ���'� '� #0FR C�E�G� �
7 O":y*I /
H9"��G"U $"�>' =� #�(G.� ,' #��FG.' �3#$��&� �
7 �&;0[ -

=��� �� / #$+ ���&�`�� �G��. �6��B 
 c$� �3 / �'0
 �K�.�I���0B $+.�
7 ='03,�	 ���&� =���B / �F�- =�I

 �H9":"�9�- $"�>'���� q0I ,' H0B �E"�  
 ��q�. �.
 CR D9��1/01/!
'$+c$� �3 / #)o�$+ #�, hI �K�. }~.

�
7 S/� �3 C^�R D9Eg� �&;0[ ���&�03$"�>' �
7
�
7 H9"��G"U =��� �� / ���&��qo �G��. �6�� c$� �3 / �'0B
 �K�.  
$+ �I���0B .�8- ,' }~. $
$
 D9Eg� 40. /

DMF =��� �� �>ko�6�� c$� �3 / �'0B �G��.)��K�.
 #��9; hI �93�
7 #�(G.� ,' #��FG.' �3 '��
7 �&;0[ ���&� -

=��� �� / #�0> ���&�ko�G��. �6���'� ��1 �'0Bh
.='03
/01 �
7 C"%&U ��
�%.FTO $
$
 �
7 �>03 40. �
7 8- -

c$� �3 / '� �.' #$+ ���&�p$
$
 C"G� D9Eg� �� ��"]� 
H9"�9�- c$� �3 / #�0> �/ �\9W�q=��� �� ��"]�ko�6��
�G��.�'� ��1 �'0Bh
.�
7 ='03 #�(G.� ,' d\ �/0G%�' ���&�

 ����l �3 d\ �
7 / #$+ #��FG.' S�1/$:>qoG�9��� 003�
7
�
7 �
�%./01 ���&�$+.

بالف

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

                               2 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html


$E6��#��*+ ���!"
�1���� D9E. �� �
�%./01 �
7 �(:
�9E3 03 �:"�9�- =,�	 0N' �.�03=�I . . .���

7� 2u�' #��FG.' ��9� C
�./-�
7 #�(G.�4 �&;0[ ���&�-{ ��	' #�9>-c #$::> H0B-�"?+ #�(G.� �e|�&� / $"e+�9; �9e� ,�. �3�e

8�
06�� @�G�/-S�1 / $:> #�(G.�.

=��� <
;��� @������� @��*��� 2)NH4Al(SO4

='03 !G:.2)NH4Al(SO4�'$�� �p)/�c�F�9. ,' H0B
 H9"�9�- /ii/ic�F�9. H0B H9":"�9�- �m�3-

Al2(SO4)2.18H2O) (�3�o� 4- 0G"� �E"�#$"�9
 #��3/ 
$+ #�, hI D9Eg� / #$+ �	�l' .D9Eg� }~.$+ �I���0B 

$+ ��_
' �U�9^ �3 C
�� $"F. =��91 / 0"�?U 8- DdR �U.
}~. �0G"� �E"� �	�l' 8- �3 �"EW z�"�9�-+/ #$}1,'

1 �I���0B ��_
' w�� $"F. ��9$+.

=��� –Al2O3α�γ-Al2O3�5 7� :�� �� #�
;��� 
� 
,�	 !G:. ='03 �H9":"�9�- $"�>' =���B / �F�- =�Ik�/�,' H0B

 c�F�9. H9":�9�- H9"�9�- 8- �3 �>xz�"�9�- D9Eg�,' H0B
)q %$+ �	�l' �339;�$+ #�, hI .�ER0� O
'��Al(OH)3

C"%&U$+.i/�� H0B $".'  
0G". ��'�- �3 �	�l' 8- �3
+D9Eg� / #$#$�- �.� �3 =��� ��qo�G��. �6�� �3 �'0B

 c$��/ #�, hI �K�.$+ �I���0B c'0G". h":"�9�- �U
$+ C"%&U .}~.k)/k�	�l' 8- �3 D9%"EB OE"U' H0B+/ $

0P� ��9� D9Eg� =��� ��mo�G��. �6�� ='03 �'0B��K�.
 / #�, hI$+ �I���0B �ER0� O
'�� �>  
 d��> D9Eg�

 A�F+)C.(�.$3$�- .O
' =��� �� D9Eg��po �6��
�G��. / #�, hI �'0B$+ �I���0B 8- �	�l' DdR �U �9\ �3
 C��> O
,� �ER0� O
' �� �> ��9+ A<R)D@($+ C"%&U .

c$� �3 O
,��#�9> �� �K�.�oo �G��. �6�� �'0] �'0B
�	0B $+ C"%&U w�� #�". $��6 �U .=��� �� O
,� ��91qoo 

c$� �3 �'0("G��. �6���#�9> �� �K�.$+ �I���0B �>
��_
' w�� $"F. ��91 �ER0� O
'��+$.�O
' ,' �*" �3 ��91

 c$�)o#�9> �� ��"]�xqo �G��. �6�� �'0B �G+'<B $+ �U
γ-Al2O3�0"B C%+� /�*" =����� 0(
��oqo �6��
�G��. ='03 �'0B)o�U #$+ #�'� ��1 ��"]�Al2O3�αC"%&U
 �9+]�o.[

B��

ث <

C

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

                               3 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html


��\�� �=$��, ���I03 �#�', �&�3 8��6 �.�:+ ���> / �.�:+�9E3 �E_� 8'0
' ���

�	�	 7��� ���� =��� @��*��� )MAI(
���� �� 0G"� �E"� H9"�9�- C"G�)wt% ����D9��U'(/
�� 0G"� �E"� $".'  
$
/�$"I )wt% `���4-(�� 

89��3 �� *RH��
�9E��+$".' �%
�9\ �3 $HI #0b] #0b]
�3 H9"�9�- C"G� �	�l' $+.D9Eg� O
'�3c$� ����K�. 
=/� 8!*I #�'� �'0] ��"\�:�� $+}1 /,' &; 8$+ ��
=��� `� �'0B �G��. �6�� �3 c$� ��K�. 49.� $"F. 
�(�� �]�3$��� .��91 #$�- �.� �3 �� D9��U' Q��; CR $+ /
}~. 3��	�l' 8�0> 0U' C"U' =� �3 #��3/� �D9Eg� �U ,' �:"&�

w�� $"F. ��91 $�- �9693 .}1,'A�^ 8�0> 8-��ER0� 
O"&"1 O
$:[ ��3 �'0%U $+ /��0;- �� =������6�� 
�G��.�'0B �� #�9> d;  &; w�� $"F. ��91 �U $+MAI 

$+ �G;�..

�E%$��*�,* ��
	"

	 C"%&U 8�0> Q�&� ='03,�$"�>' =���B / �F�- =�I

��9*� ,' �H9":"�9�-u"\ #$+ !G:. =�I =9U01 S'01X

)XRD($+ �G	0B .C%+pu"\XRD ,�	 ���B / �F�- =�I
�� 8�&� '� #$+ !G:. H9":"�9�- $"�>'$I� .=�I �E] �96/

 �> ���B ,�	 �3 �?�� �F�- ,�	 �3 �930� u"\ �� 0G&"3
� �F�- ,�	 0G&"3 �(:
�9E3�� 8�&� '�E] O":y*I / $I� =�I

 �� #$+ 0I��°pi,mx �°�p,qm /°qk,ko / �F�- ,�	 ='03
°pk,o� �°�q,i� /°ik,)p �
�G� �3 �3�b� ���B ,�	 ='03 0(
�

LI/j1��'� ��'9�*I �I =�I ,�	 C"%&U $"
�U 03 �I'9B �>
���B / �F�-=H9":"�9�- $"�>'�\!G:. $:
'0	 �.']�o���.[
='03 �.�03��
��.�:+ �9E3 #,'$�' O""2U /z�
7 =�I

#$+ ��_
' �
�%./01 ��9*� ,' #$+ �G;�. =�I {9%./0%"� �3
 �&3/� ��/0G%�'(SEM) 0
9|U$+ �G	0B.

#�,�3 O""2U ��6 ��9*� =8�0> Q�&� O":y*I / �I
0G�'��1 / #�U9> D�|U' 8�
06 ���([ �,�3 �'$� @�G�/ =�IT
0l 
�B$+01�E.D9�|�&� #$+ �G;�. =$"+�9; =�I �3�
IV 
$+$�.

7� F=9(�'XRD u�' H9":"�9�- $"�>' �3 �930�-4 / �F�- ,�	-���B ,�	.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

                               4 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html


$E6��#��*+ ���!"
�1���� D9E. �� �
�%./01 �
7 �(:
�9E3 03 �:"�9�- =,�	 0N' �.�03=�I . . .���

���
� � G-� 
0G�'��1 ,' �%
 =�I��"�3 D9E. �� h�� =$"+�9; =�I

 �
�%./01 �
7 �(:
�9E3 ��G
�%./01�.' h"�G�� ��?U�' �>
 D9E. �0%E*K �3��'� .C%+�0
/�|USEM �
7 �3 �930�

 #$+ �G;�. �
�%./013,�	 �3 H9":"�9�- $"�>' �
7 0/ �F�- =�I
�� 8�&� '� ���B$I�.8�:[ �>#$
� ���9E3 #,'$�' �9+z=�I

 �> �
�%./013#$+ �G;�. �F�- ,�	 �3 H9":"�9�- $"�>' �
7 0
�.' 0GB�!3 ���B ,�	 �3 �?�� �.' .���B ,�	 =�F�- ,�	 �3 �?��

 �
7�3 ��"�3 C�E�U ='�'� H9":"�9�- $"�>'�.' ]�o.[,''O

9��� /��9E3$
$
 =�I 40. �>3�
7 ���- 059F� �3 $�' #$+ ���&�

#,'$�' �3 �C�E�U O
' 8/�� �3�� �/$g�  [9> =�I$�9+ .��
�_"G��9E3zL:%*I 03 ,' �> #$+ C"%&U �
�%./01 =�I
$
$
 40. �3$
$
 C"G� H9"�9�-#$+ ��_
'#,'$�' $�' =�I

 �3 �?�� =0G%[9>z�9E3 =�F�- ,�	 03 �> �G
�%./01 =�I 

#$+ C"%&U H9":"�9�- $"�>'$��'� �$�' .O
' 0N' ��'�' ��
 �
7 8�93 c/�FG� ,' �+�� �> �
�%./01 �
7 c/�FG� �(:
�9E3

 8- O
0
,�.'E. �0%E*K 03 0N9� =�I0G�'��1 03 �D9
�.�03 =$"+�9;���9+.

�G
�%./01 =$"+�9; D9E. #�,�3 �3 �G�3'/ 0G�'��1 �.
 / #�U9> D�|U' 8�
06 ���([ �,�3 �'$� @�G�/T
0l �B$+01

�.' �3 T"U0U �3 �>Voc�Jsc /FF �� #�'� L
�*�$�9+ .O
'
0G�'��1 �'�9*� ,' �> =$"+�9; D9E. #�,�3 �3 ���- �b3'� / �I
8�
06�@�G�/ �� Q�&� C%+ �� �9+q�.' #$+ #�'� 8�&� .
�� O
' �"*> �b3'�Pin �.' =�/0	 �9� 8'9U ���([ .='03

 0I 0N' �"]� �.�03 
,�	 ,' �0%E*K 03 H9":"�9�- $"�>' =�I
0G�'��1 �#$+ �G;�. =$"+�9; D9E. �0%E*K 03 0N9� =�I

 �.�03 =$"+�9; D9E.$+�.' 0
, �0+ �3 8- �
�G� �> �:

7� H0
/�|USEM u�' =/� 03 #$+ �G;�. �
�%./01 �
7 �4 / H9":"�9�- $"�>' =���B ,�	�H9":"�9�- $"�>' =�F�- ,�	.

7� I�|�&� ,' #��FG.' �3 �G
�%./01 =$"+�9; D9E. #�,�3 03 0N9� C�'9K L
�*�8�
06 �3�
 �@�G�/.

B��J

FF= (V*I) 
max

 / (V
oc

*I
sc

)

=#�,�3 (V
oc

*J
sc

*FF/ P
in
)*100 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

                               5 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html


��\�� �=$��, ���I03 �#�', �&�3 8��6 �.�:+ ���> / �.�:+�9E3 �E_� 8'0
' ���

 �
� ���� 5
���)Voc (��� ��! ���� 
03 �"*> O
' =�'$
�1 8'!"� O":y*I / ,�3 �'$� @�G�/ �.�03 ='
�� D9E.,�	 ,' ���- �� �> �G
�%./01 =$"+�9; =�I / �F�- =�I
���B=D9E. ��.' #$+ #��FG.' H9":"�9�- $"�>' �G;�. =�I

�|�&� �3 #$+8�
06 �3�
�c$� �3 @�G�/x�.�03 ,/� $�$+
 �> C%+ �� 8- �
�G�i$+ #�'� 8�&��.' #.#$
����> �9+

 0G�'��1VocD9E. �3 �930��F�- ,�	 ,' ���- �� �> �
�I=$"�>'
 �> �.' 0G&"3 ���B ,�	 �3 �?�� �.' #$+ #��FG.' H9":"�9�-

�9E3 8�93 0GB�!3 C"�� �3z�?�� �F�- ,�	 ='03 �
�%./01 =�I
 �.���B ,�	 �3O
' /�3�.�03 H�_�' =�I$+89�'0"1 #,'$�'

3�9Ez=�I �
�%./01��'� ��'9�*I ]�)�q.[

�K� 
� L	
1)FF (��� ��! ���� 
�|�&� �3 �930� �'�9*� ,' #��FG.' �38�
06 �3�
�D9E. @�G�/ -
0G�'��1 �#$+ �G;�. =$"+�9; =�IFF D9E. O
',�	 ='03 �I -

�� 8- �_"G� / $+ �.�03 H9":"�9�- $"�>' =���B / �F�- =�I
 C%+k+ #�'� 8�&��.' #$ .�� #$
� �> �G
�%./01 �> �9+

�
7 H9":"�9�- $"�>' =���B ,�	 03 �3 �?�� �.' #$+ ���&�
 �B$+01 T
0l ='�'� �F�- ,�	 �3 H9":"�9�- $"�>' 03 �
�%./01

�� 8- C"�� �> �.' =0G&"3z�9E3 8�93 0GB�!3 $�'9U =�I
$+�3 ���B �3 �?�� �F�- ���R �� �
�%./01 .��&G�' D9\

'8/0G%���
�%./01 �� #0FRCH3NH3PbI3����l Z�.' 03
 O"3 �
�%./01 �
7�oo �Upoo 9��� �.' 0G�]�p.[�[ 0I

�9E3 #,'$�' $+�3 0GB�!3 ��&G�' D9\ O
' ,' �
�%./01 =�I
8/0G%�' T">0U,�3 D�*GR'��B$+01 T
0l LI�> / #0FR

�� 0G&"3�9+ .O
' ,'=�F�- ,�	 03 �> �G
�%./01 �/� $"�>'
 �3 �?�� =0G*> �B$+01 T
0l �.' #$+ C"%&U H9":"�9�-

��'� ���B ,�	.

7� M�"*>VocD9E.,�	 ,' #��FG.' �3 #$+ �G;�. �G
�%./01 =$"+�9; =�I���B / �F�- =�I=H9":"�9�- $"�>'.

�  7N�"*>FF D9E.,�	 ,' #��FG.' �3 #$+ �G;�. �G
�%./01 =$"+�9; =�I���B / �F�- =�I=H9":"�9�- $"�>'.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

                               6 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html


$E6��#��*+ ���!"
�1���� D9E. �� �
�%./01 �
7 �(:
�9E3 03 �:"�9�- =,�	 0N' �.�03=�I . . .��`

��� ��! ���� #
?�6 �
E?� &
	
()Jsc(
D9E. #�U9> D�|U' 8�
06 �.�03 ='03 =$"+�9; =�I

,�	 �
�1 03 #$+ �G;�. �G
�%./01 $"�>' =���B / �F�- =�I
 �"*> �H9":"�9�-Jsc8�
06 �'�9*� ,' #��FG.' �3�D9E. @�G�/ -
$+ �G;�. =�I 8- �
�G� �> C%+ ��m��.' #$+ #��/' .�3
�C%+ �3 �69UD9E. �3 �930� #�U9> D�|U' 8�
06 �G;�. =�I
,�	 �3 #$+���B / �F�- =�I=H9":"�9�- $"�>'��"�3 �3  
�!�

!"� �"*> O"(��"� hI ��9� O
' �� ��/ $:G�IJsc ,�	 �3 D9E.
�� �> �.' 0G&"3 �F�- ,�	 �3 �?�� ���B�:� C"�� �3 $�'9U T.

 #,'$�' 8�93z�9E3 ,�	 �3 �?�� ���B ,�	 �
�1 03 �
�%./01 =�I
 0G*> 8/0G%�' �B��G	' H'� �3 D�*GR' 8- �_"G� �� �> $+�3 �F�-

�� 0G&"3 =$"+�9; D9E. 8�
06 /�9+.

��� ��! ���� #��
�)η(
C%+ f3'/� ,' #��FG.' �3q�'�9*� ��8�
06 =�I�D9E. @�G�/-
' / #$+ �G;�. =�I0G�'��1 ,' #��FG. =�IJsc �FF /Voc

�|�&� ,' #$�- �.$3D9E. �3�
D9E. #�,�3 ��I =�I
 �> $+ �.�03 / �?.�g� #$+ �G;�. �G
�%./01 =$"+�9;

 C%+ �� 8- �
�G�x�.' #$+ #��/- .�� #$
� �> 8�:[ ��9+
0G�'��1 �*I OG	0B 0P� �� �3 �$"+�9; D9E. #�,�3 03 0N9� =�I

,' #��FG.' D9E. �� ���B ,�	 �3 �?�� ��G;�.03' =$"+�9; =�I
�� '� =0G�3 �
�G� �F�- ,�	 8- h�� C
7� ,' �%
 �> $I�

�.�F�- �3 �?�� ���B ,�	 0G&"3 C�E�U .$+� �3 C�E�U O
'
z�9E3 0G�3��  *> �
�%./01 =�I 8- �_"G� �� �> $:>

D9E.�- ,�	 �3 �?�� ���B ,�	 �
�1 03 #$+ �G;�. =�I �0%E*K �F
$��'� =0G�3.

�  7O�"*>Jsc D9E.,�	 ,' #��FG.' �3 #$+ �G;�. �G
�%./01 =$"+�9; =�I���B / �F�- =�I=H9":"�9�- $"�>'.

7� P�"*>ηD9E.,�	 ,' #��FG.' �3 #$+ �G;�. �G
�%./01 =$"+�9; =�I���B / �F�- =�I=H9":"�9�- $"�>'.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

                               7 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html


��\�� �=$��, ���I03 �#�', �&�3 8��6 �.�:+ ���> / �.�:+�9E3 �E_� 8'0
' ���

� ��
� 
O
' ��1LI/j ��G;�. �� H9":"�9�- $"�>' ,' #��FG.' �3
D9E. 03 =!E	 $"�>' =,�	 0N' ��G
�%./01 =$"+�9; =�I
0G�'��1 �
7 �(:
�9E3 / =$"+�9; D9E. #�,�3 03 0N9� =�I

 �
�%./01#$+ �G;�. �ER0�/� S/� �3 �.�03 ='$+.
�9E3z#$+ C"%&U �
�%./01 =�I03�3 H9":"�9�- $"�>' �
7
�	 0GB�!3 ���B ,�	 �3 �?�� �F�- ,$:G�I .D9E. �� �> �
�I

�F�- ,�	 ,' ���- ��G;�.=�.' #$+ #��FG.' H9":"�9�- $"�>'
D9E. �3 �?�� @�G�/ ����B ,�	 �3 H9":"�9�- $"�>' ='�'� =�I

�9E3 8�93 0GB�!3 C"�� �3 �> $��'� =0G&"3 ,�3 �'$�z=�I
 �?�� �F�- ,�	 �
�1 03 �
�%./01���B ,�	 �3�..D�|U' 8�
06

D9E. #�U9>���B / �F�- ,�	 �3 =�I=��?
0�U H9":"�9�- $"�>' 
8��%
 �.' .�� �E> ���R �� OG	0B 0P� �� �3 �> �FB 8'9U

0G�'��1 �*ID9E. #�,�3 03 0N9� =�I �G
�%./01 =$"+�9; =�I
 #$+ �G;�.�ER0�/� S/� �3���B ,�	 ,' #��FG.' �='=$"�>'

9�- / $��'� �> =0G&"3 C�E�U C"�� �3 �F�- ,�	 �3 �?�� H9":"�
�9E3 0U T.�:� #,'$�' / 0G�3 $+� �3 0_:�z=�I �
�%./01

��D9E. �� �$�9+ =0G�3 �_"G� �G
�%./01 =$"+�9; =�I
��$I� .D9E. =�'$
�1 �.�03 ='03 O":y*I =$"+�9; =�I

0G�'��1 ���B'$6 OG	0B 0P� �� �3 �#$+ �G;�.I#�,�3 03 0N9� =�
 Q�&� �,/� $:[ �\ =$"+�9; D9E.+,' �> $�P0

D9E. �=�'$
�1,�	 03 #$+ �G;�. �G
�%./01 =$"+�9; =�I-
O
' ,' / $��'� ����%
 f
'0+ ���B / �F�- =�I�P0O"3 �U/�FU

��'$� �96/ ,�	 /� O
' .

Q(�
� 
[1] Qiong W., Hongjun C., Gang L., Lianzhou W., 
"Control of organic–inorganic halide perovskites 
in solid-state solar cells: a perspective", Science 
Bulletin 60 (2015) 405-418. 
[2] Tze B. S., Qi C., Huanping Z., Chengyang J., 
Hsin H. W., Yang M. Y., Yongsheng L., Jingbi Y., 
Yang Y., "Perovskite solar cells: film formation 
and properties", J. Mater. Chem. A 3 (2015) 9032-
9050.
[3] Elham H. A., Ahmad K., Ludmilla S., Konrad 
D., Taisuke M., Wolfgang T., Michael S., Antonio 
A., Michael G., Anders H., Juan-Pablo C. B., 
"Highly efficient and stable planar perovskite solar 
cells by solution-processed tin oxide", Energy 
Environ. Sci 9 (2016) 3128-3134. 
[4] Peng Y., Zhike L., Qidong T., Shenghua L., 
Feng Y., "Efficient Semitransparent Perovskite 

Solar Cells with Graphene Electrodes", Adv. 
Mater. 27 (2015) 3632–3638. 
[5] Chuantian Z., Henk J. B., Hongwei H., Jinsong 
H., David C., Liming D., "Advances in Perovskite 
Solar Cells", Adv. Sci. 3 (2016) 1500324. 
[6] Dian W., Matthew W., Naveen K. E., Ashraf 
U., "Stability of perovskite solar cells", Solar 
Energy Materials & Solar Cells 147 (2016) 255-
275.
[7] Guangda N., Xudong G., Liduo W., "Review of 
Recent Progress in Chemical Stability of 
Perovskite Solar Cells", J. Mater. Chem. A 3 
(2015) 8970-8980. 
[8] Jingbi Y., Lei M., Tze B. S., Tzung F. G., Yang 
Y., Wei H. C., Ziruo H., Huajun Ch., Huanping 
Zh., Qi Ch., Yongsheng L., Nicholas D. M., Yang 
Y., "Improved air stability of perovskite solar cells 
via solution-processed metal oxide transport 
layers", Nature Nanotechnology 11 (2016) 75–81.  
[9] Michael M. L., Joël T., Tsutomu M., Takurou 
N. M., Henry J. S., "Efficient Hybrid Solar Cells 
Based on Meso-Superstructured Organometal 
Halide Perovskites", science 338 (2012) 643-647. 
[10] Louise S., Aleksander J., Mattias E., Danielle 
M. L., Dong K. S., Javier G. G., Ulrich H., 
"Structural analysis of highly porous γ-Al2O3", 
Journal of Solid State Chemistry 217 (2014) 1-8. 
[11] Ponja S. D., Parkin I. P., Carmalt C. J., 
"Synthesis and material characterization of 
amorphous and crystalline (α-) Al2O3 via aerosol 
assisted chemical vapour deposition", RSC Adv. 6 
(2016) 102956-102960. 
[12] Fangyuan J., Yaoguang R., Huawei L., 
Tiefeng L., Lin M., Wei M., Fei Q., Youyu J., 
Bangwu L., Sixing X., Jinhui T., Yun L., Zaifang 
L., Hongwei H., Yinhua Zh., "Synergistic Effect of 
PbI2 Passivation and Chlorine Inclusion Yielding 
High Open-Circuit Voltage Exceeding 1.15 V in 
Both Mesoscopic and Inverted Planar 
CH3NH3PbI3(Cl)-Based Perovskite Solar Cells",
Adv. Funct. Mater. 26 (2016) 8119–8127. 
[13] Xiaojie W., Ping L., Li M., Qian Zh., 
Yongsheng  Ch., Jingxiao  L., Shi Y., "Two-
dimensional modeling of TiO2 nanowire based 
organic–inorganic hybrid perovskite solar cells",
Solar Energy Materials & Solar Cells 
152(2016)111–117. 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

78
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
18

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.29252/ijcm.26.3.789
https://ijcm.ir/article-1-1159-fa.html
http://www.tcpdf.org

