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

÷

��� ����� 	
������� 

�� ���� ���SnO2:Sb �����	���� ����� �	� �
 ��� ���  

!"�� �	�# �$��%&�*

��
��	  !"#�$�%�&�$�  �'#�$� �%$(
$ �%�&�$� 

���'( :�
) �*��+� ,
$ �� (-
. /0� (-1 %$2-3�4�5 �6��7�� �1  !�
)5 89: !��;$ <�=> /���?(3�� @.�� /�A �-
) �#-�> /�-A �-1 /$
�B9C  !> ���D �
���0(
�E /(F?$ G0� �1 %$23�4�5 H0�=4� /�A!�$.�B9C (J$ 0 �-"�4E$ �/��47�-? K$2-7 (1 %$23�4�5 L94�� /�A

 �
) �"
(4"�$ �	(M �$(: �*��+� ��2� @.�� /�A .�
) N"
$ 2D(E G$(E O?2D  !> ���D /�A(XRD) �#-10� �-�0(4"�$ P2"?0("�� �
$%$!�� (J(FESEM) /�2� QRS 0(UV-vis)�6�#� !�!> �1�
 .�����5XRD��23� �; �$� %�#� N1 ��47�? /$�$� �A��S �1 �291-

/(�M H�T=U VS�$ /�A)WWX(�)WXW(�)YXX(�)YWW (0)ZXW (�� 89: !��;$ .�	 �1 [21(� !\->�1 .@�2-91  .$!-�$ �-�$� 0 �-A �-A �-1
 1 %$23�4�5 �B9C ]
$�	$ �!��$� %�#� �#
$�	$ 0 �#A�; /�A!�0� ^�D(D .��23� /�2� H�*��+� %$23�4�5 �B9C ]
$�	$ �; �$� %�#� �A

 .$ �_(� �2�  (4�M �� �2`a ]A�; ^`?bY%�1Wd%.$ /�2� <�M 0bY/Z�1eV ef/Y!>.��-4	� ^-S2� %$2-3�4�5 �6��7�� ]
$�	$
�#A�;g!> �"
(4"�$ ��0��� �#
$�	$ .(D �*��+���23� �
(4"�$2� h2� ]��?� ��An�$� %�#� $� .

�*�	���+, ���:@.�� �
)i89: !��;$ i%$23�4�5 �6��7�� .

���-� 
�--
) j--�`: .$ <�=--> /���--?� /�A!��--;$ @.�--� /�--ASnO2�

In2O3�ZnO �"\
$ (1  0ka �-�l�� �� �
)�-1 /�2-� ��	�=->
 .$ ^-?�\� �"
(4"�$ �
���?� �!��$� ���M!
� �-� %�#-� �2-7 -

!\A�]W�Y[.�-S2D j1�: �"
��	 K$27 j��!1 �A!��;$ ,
$ /$
 j-�`: .$ �-��0(4"�$24E$ H�-*+: .$ �*�?0  (4�M �� !��$� �;

o29? �(1��-; �-��0(4"�$ H�*+: 0 �A('#
�3� �/!�>�27 /�A
!��$�]ZgWX[.h2� ���?(3�� 89: !��;$ /�n�� /�2-� <�M �1 

 (4�Mf/Zgp/Z%0(4"�$ �-; ��-?$ �-�0 %�2-1 $�$� j-��� �-1
�Mq
0 �� )�-1 ��	�=-> �,�
�-E �"
(4"�$ ��0��� j�`: .$ �
�A

 ,4>$� 0 2S O�T� �� )�1 �
��3�> /�$!
�E ��_(� �2�  �0!T�
 r-�� <�=-> /���?(3�� /�A!��;$ .$ �"
 r��4�� /�$2� <�M

 �� ��3> �1�0�]��g�s[. �(4�-M /�-A�(1��; ���-?(3�� ,
$
a2\4� ��A�24�
�0 ���4����D�; �/!�>�27 /t(�$ j
!`D j��> �

��$� ('#-
�3� H�T=U 0 ���0(4"�$24E$ H�*+:]WZgWd[.,-
$ 

j��!-1 �-; �?$  �2B\� !\u �$2� 0�S �3�: %$.�$ /���?(3��
 -1 !-�$2D �� %5 �� %q��;$ ���7 /�A�S 0 0� ��	(v %$2-\a �

���D�; �/.�M ('�l�0� <�=> /���?� 0 /!��;$ �0� ��"1]WW �
WpgWf[.�Mq
0 L94�� /�A �A�(1��; (4#�1 /$(1 $� 89: !��;$ 
�� !�#�1 �2`�1 �6��7�� w
��D �1 %$2D]WW[.@.�-� /�A �
)

  !�_)5 89: !��;$ )�-1 �"�4E$ �2`a �)�1 �"
(4"�$ �M!\��?� �1
 x(--?0(	 /)�--1 �M!--\1�D.�1 0 �--_(� �2--� �--�l�� �� %$2--\*1

 <�=--> /�--A�0(4"�$o29--? �� H�--*+: �/!�-->�27 /�--A
 #-
�3� H�T=U ����0(4"�$24E$('�-\
5 ��-�D /�-A �
�-�(M 0
!��$� �(1��; /.�M /�A('�l]We[.�2_29	(F) y2
!-\
$ �(In) 0

%$23�4�5(Sb) �6��7�� �; !\4�A �
�A�Mq
0/�A 0 �"
(4"�$ 
�� �2`�1 $� 89: !��;$ /�2� !\#-�1]YXgYY[.%�-�� .$ ��-��5 

3�4�5 /$�$� %$2 ,
(-D �-\
�A r-; ,3-z �� 0 (�J�-D ,
(4#-�1 
�?���5 ]YZ[.SnO2:Sb (ATO) <�=-> /���?(3��  ��� �


 �?$]Wp[.]A0qE �� �Mq
0 (1 �;(3D ,�#�E /�A0 /�2� /�A 

∗,=9D �o2{��  !\�
2� :XeWZZddXfWe(1�3� �:XYZZdYYXXeX�"��0(4"�$ ��E �:m.r.fadavieslam@du.ac.ir 

0 ���1 o�?r4=A �|��3>y2? ���
�E ��}T=U .$ ��s� �D��~ 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                               1 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html


yk?$ /0!	 �z�!3T� %$(
$ �?�\> ���; 0 �?�\>�291 �9�� ���

 �
) �"
(4"�$ /�-AATO 0 �2-1 ��2-� �� /�0!-T� H�-ak�$ 
�-
) ��47�-? (1 %$23�4�5 (�J�D �-?$ �2-S2� �-A]Z�Y��Yd[.

�
) %2\;�D @.�� /�AATO k7 O
$(> �� �93S .$ �1���� �FD
(PLD) ]Wf[�G�E0!--\;]p�e[�--�0(4"�$ 2--D(E 0]Wp[�D�--� 

 !>$!�.�2S0 ,
$ �1�G0� .$ H����TD !�0� (1 �"
��	 /�A �-
�E
 G0� �1 k7 �
��3�> /�A �
��3�->2D2	 %2u]WW[j-? �got

]Z�WZ[�
��3�-> ���1 �]WX�YY[�#-7(u �]Z[/�0 �-�2C �
]YX[�
���0(
�E /(F?$ 0]��b�W�[�-?$  �(-; (��&D .G0�

  ��-? 0 %$.�$ j-��� �1 �
���0(
�E /(F?$ ,
(4`-?�\� .$ %�2-1 
G0��
) ���D �
��3�> /�A�?$ @.�� /�A.

,
$ ���]A0qE �-
) @.�-� /�-ASnO2/(F-?$ G0� �-1
 �-	$ (�J�-D 0  !-> �-��D �
���0(
�E%�0 (-1 %$2-3�4�5 �6-��7�� 

�Mq
0 /�A �"
(4"�$ 0 /�2� �/��47�?���5!> �?�(1 .

�	� 

�.  
,
$ ��]A0qE �
) �@.�� /�ASnO2:Sb �#-�> /�A(4�1 (1 -

!�!> ���#� �
) /$ .����� cc YX!-
(9; �)2-� �
 o29T� 
�15 �\E 89:)SnCl4:5H2O(!> ���D .�-
) ���D /$(1 NF?-

!U�� �1 89: !��;$ /�A/�A (
���� �%$23�4�5 �6��7�� H0�=4� 
�-1 o2��-E0(E 0 (-+�� Q5 ok-l �� %$23�4�5 !
(9; .$ �=94��

 �3�l �`��W:W>  ���5 ��2-� �`�-� 0 !o2-9T� �� 
�D (=U .$ �9U$WX% �$� (��&D!>.�%5 .$ NE �
) /�ASnO2

�6��7�� �1Sb %��"
 O
$(> �1 )o0!SW(!�!> ���D.
�6�#� ��S 2-D(E G$(-E  �'4?� .$ /��47�? �1�
X)�-1

 �2---� o2---�nmWd�Xdp/Xo!---� D8 ADVANCE-
BRUKER !-->  ��=4--?$ .--?�(1 /$(--1 V+--? ��--4�
� �

o!-� �-�0(4"�$ P2"-?0("��HITACHI S4160 �-4	(M��"1 
!> .�
) ����z  .$!-�$  �'4-?� .$  ��=4?$ �1 @.�� /�A /(-�M

 o!-� ���0(D�2-? �T+?stylus-Taylor Hobson ,�-�*D 

!> .1��2B\� ?�(1 �0
Mq��A/4E$�"�.$��L�\? 0��-��M 
$(--	 ]=\--1g--_(� �o!--� 4802 UV-Vis ��=4--?$ !--> .

�6�#�
1��(4"�$
"�)
��A�-1 G0� 0���6-D$ �y�-��$ !->.
 .$!�$ �Mq
0 /(�M j-��l h2-� ,�-�*D 0 �"
(4"�$2-�(D /�A �-A

 �����? O?2D ��23� <(� �
 %5 �� �; !> y���$ /$ �-
 �-1 �A
 �--*+: j��--> %5 (--'
� <(--� 0  !--> �$� �--"
(4"�$  ��--�(M

 �'� �(? �
(4"�$2�(D �21  !> �4>$� .1�-1�J �-1 �^-�D(D ,
$ �
�'� �-1 �-�23� ('
� <(� ��(? <(� /��� ,4>$� y(-M �
�!-D

 <k4-7$ �-�23� <(� 0� �� �; �39: �\?��� 0� O?2D 0  !> 
��� (∆T) 0� ,�-1 �-
(4"�$2�(D j��-��4E <k4-7$ %���3A 0

y(M 0 �(? ��l��)∆V(��0 O?2D  .$!�$ (4� !> /(�M .,
$ ��
$ H��`a �`�? ^
(z H�2U .$ �?]�.[

/&
 	 0��1� 
�6�#� /��47�-? �1�
 :N-"
$ 2-D(E G$(-E /�-A2'�$ �-?�(1

��23� �A)j">W(�� %�#� !\4�-A �291 N1 /$�$� ���5 �; !A�
 .�	 ��\D 0SnO20 �-?$  !-> j�"#-D �->2M��u ��47�-? �1 

%2u �
�A.�	Sb2O30Sb2O5 !#�  !
� )�-34l$ (�$ ,
$ �!�$
 ,
$ �1 %2
 �; �?$ j��� Sb %2-
 ,
�'
�-S �
 Sn �"`-> �� 
SnO2�?$  !> ]Z[��$� .(� /�291 (�C ��l�� �� �"\
$ �
 0�A

�?$ �4	(M �$(:]e[.�-D (=-U .$ %$2-3�4�5 �6-��7�� ]
$�	$ �1
d/Y%�--9: H!--> ��T=--U .$ G$(--E /�--A /�--A)WWX(�)WXW(�
)YXX(�)YWW (0)ZXW (�� ]
$�	$ (D �9: 0 !1�
 [2-1(� �T�S

 �T=U �1)YWW (�?$ ..$ �6-��7�� (4#-�1 ]
$�-	$ �1d/Y%�-D
WX %�T=-U �1 [21(� �9: �S �1)WWX(�-9: (
�-? H!-> ��-A

�� ]A�;!1�
.
��$� O?24�  .$!�$ ��23� /�291 /�A�A�(-> �-+1$� /(�M��"1 �1 

]Yp[!�5 �?� �1 :
)W(

2	�34�
) O
$(>�
) ���#��A
s� (4�1 �D o.�� h�=D�$)cm(
s j��l .�M ��#	)atm(
s �
) �\A5 ���#�)ml/min(

��� (4�1 /���)°C(
�� /(F?$ o29T� r�l)ml(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                               2 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html


!9S�� ��3> �s���
�E �s�� �
) �6�#� 0 ���#��
) �1�
 @.�� /�ASnO2:Sb���D . . .���

5'�4��
��� L�� /�A XRD�
) �A/SnO2�4�5 L94�� /�A!U�� �1 %$23.

��+1$� ,
$ ��D@�291  .$!�$ O?24� �Ao0!S �� � !-> �_$�$ 
�?$ .��\u"� !
� �� �2->�.$ %$2-3�4�5 �6-��7�� ]
$�-	$ �-1 

�D (=U�/�%@�291  .$!�$ �� ]
$�	$ �A ]
$�-	$ �1 NF? 0 !1�

 �D �6��7�� (4#�1��%�-9; �2-� �-1 @�2-91  .$!-�$ /$(-1 �-A

�T=--U /�--A)WWX(�)WXW(�)YXX(�)YWW (0)ZXW (]A�--;
�� �9: H!> �� ��4	� ,
$ �; !1�
 G$(E H�T=U �1 [21(� /�A

 ��  !A�#� ����2> .@�2-91  .$!-�$ ]A�-; �)�-34l$ �-A (-J$ �� 
]
$�	$]��E$0 0 �"`> ]\D �6-��7�� ]
$�	$ .$ �>�� ��0�� 

�?$ %$23�4�5]Yb[.
��
��?�\> :�#10� ��0(4"�$ P2"?0("�� (
0�6D j"> ��Y

 !>  �$� %�#��?$ .,
$  !
� ���2-> �-; ��-4�
� V+-? �-1
!>H��$� �6��7�� �B9C �1 �'4�1 .���-7 ��23� ����-�$� -

(4"u2; /�A 0�-�$� %$2-3�4�5 �6-��7�� r;$(D ]
$�	$ �1 /�-A
 ���1 ��S0 !\u !
� �� !�2> .�-�$�  .$!-�$ O?24� /$(-1 �-A

�
) 3�4�5 �`�� �1 0 �6��7�� %0!1 8-9: �-1 %$2Yd/W�d/Y�d�
d/b0WX^--�D(D �--1 !--U�� WW� �WbX �YYX �Y�f �Wbd 0

WeX (4�2��� �?$ �#
$�	$ !�0� �; �g�� %�#� $� �#A�; !-A� .
(
26D �� H$��  .$!�$FESEM @�2-91  .$!-�$ .$ (-4M��1 /�-A 

�(> �+1$� .$  !> �`?�T�  �� (-A �-; !A� �� %�#� �; �?$
 2��� /�$!*D j��>@�291 �?$ �A]Yf[.

�����
'�1�� 

�� 
�
) �2`a H$(��&D �2� o2� ^�l (1 �A)j">Z(�-� %�#-�-

�-� ]A�-; �2-`a %$2-3�4�5 �6-��7�� ]
$�	$ �1 �; !A� !-1�

]Yb�Yf[.QR-S %2-D2	 �M!-\;$(E ]
$�	$ j��!1 �2`a ]A�;

 �?$ /�291 ��� ]
$�	$ (J$ ��  !> .]
$�-	$ �,-
$ (-1 %0�-	$
 3�4�5 �B9C (4#-�1 �;��#� �a�1 %$2Sb+3 0Sb+5 �"`-> �� 

SnO2�-��l ,�-1 %0(-4"�$ o�-�4�$ �-1 (-�\� �-; � !> /�-A
 �
) O?2D (4#�1 �2� QRS �a�1 y���$(? 0 H0�=4� �#
��;$-

�� ���5 �� �2`a ]A�; 0 �A �2>]Ye[.�
) �2`a O?24� �� �-A
 o0!S �� �_(� �2�  (4�MZ�?$  !>  ��05 .

�
) QRS ^
(z �A(α)!> �`?�T� (
. �+1$� .$ :
)Y(

%5 �� �;AL-�� O-?2D  !-> QRS  .$!-�$ �\-? 0 /(-�Mt

�?$ (4�2��� ^�l (1 �
) ����z ./t(-�$ <�M)r��4�-� ((-1
 @0�D �+1$� ��?$]ZX[:

)Z(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                               3 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html


yk?$ /0!	 �z�!3T� %$(
$ �?�\> ���; 0 �?�\>�291 �9�� ���

300 400 500 600 700 800 900 1000 1100
0

20

40

60

80

100

Tr
an

sm
itt

an
ce

(%
)

Wavelength (nm)

[Sb/Sn]%=
 0

1.25
 2.5
 5

7.5
 10

 2	�36�
�4�L�� .$  !�5(1/�A XRD.

ZXW YWW YXX WXW WWX 
hkl 

YXYdYYYZY�D(nm) X
YWYpYXY�YdD(nm) Yd/W
YZYbY�YbYbD(nm) d/Y
YWY�YXYdYYD(nm) d
WbYZYZYZYdD(nm) d/b
WdYWYWYWYYD(nm) WX

5'�6(
0�6DFESEM �
) /$SnO2�1%$23�4�5 L94�� /�A!U��.

5'�7�
) /$(1 �2� o2� ^�l (1 �"�4E$ �2`a /�A�$�23��A/SnO2%$23�4�5 L94�� /�A!U�� �1 .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                               4 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html


!9S�� ��3> �s���
�E �s�� �
) �6�#� 0 ���#��
) �1�
 @.�� /�ASnO2:Sb���D . . .��s

2/0 2/5 3/0 3/5 4/0 4/5
0/0

5/0x109

1/0x1010

1/5x1010

2/0x1010

2/5x1010

3/0x1010

(α
hυ

)2
(e

V/
cm

)2

hυ (eV)

[Sb/Sn]%=   Eg=
 0 3.72 eV
 1.25   3.7   eV
 2.5     3.43 eV
 5 3.12 eV
 7.5     3      eV
 10      2.98 eV

2	�37�6�#� �
�4��1�
�"
(4"�$2�(D 0 �"
(4"�$ ��"�4E$ �
) �A.

WX d/bdd/YYd/WX

ZZX Z�X �ZX dfX deX pXX Thickness (nm) 
Wd YYZZdpbbbY�_(� �2�  (4�M �� �2`a O?24�(%) 
ef/YZWY/Z�Z/Zb/ZbY/ZEg (eV) 

Xd/WW de/WX Xp/pXe/Wb Z/YX fd/W�e �"
(4"�$  q
0 ��0��� (Ω cm) 

d/Wp �p/YX pp/W� f�/Wf eW/ZZ b�/pf 400 K (µV/k)�� �`�? ^
(z 

�$�23� r?� �1^�-l (1 ]-�1 �1�-��0(1 .$ �
�2T� �1 �\T\� r��4��0=α!�5 �?!1 )j">�o0!S 0

Z.(�*��+� �4�
�%�#� ��!A� �;�-1 $�-	$
]6-��7����<�-M 
�2� /]A�; -��
!-1�.]
$�-	$ �-1 /�2-� <�-M �#-A�; ��-4	� 

]A0q-E ('
� �� �%$23�4�5 �6��7�� �-A ,-
$ ��  !-> y�-��$ /
��� �\��.  !-
� �-?$  !-> ]WX�Yb[�-;��-� .$ �->�� !-�$2D

 ���l ]
$�	$ �6-��7�� /�A �0�0 .$ �->��Sb �� �-"
 �-47�
 
ATO !>�1.��
��� H$(��&D �-�23� /�2-� <�-M �-A0O-?24� 

��$�  .$!�$ �A)j">d(�� %�#� ]
$�-	$ �1 �9; �2� �1 �; !A�
 .$!�$ ��$� /� <�M �A �� ]A�; /�2 !-1�
]ZW[.%0�-	$ %5 (-1 �

�--� /�2--� <�--M ]A�-; !--�(
RE �2�--l �--9a �--1 !--�$2D �--A0
�\
�'
�SSb+3 /��1 Sn+4 !>�1 ]W�[.

�����
'��1'��8��  	 
'��1'�� 

�� 
 .$!�$ �
�4� o0!-S �� �
) ��0��� /(�MZ�-?$  !->  ��05 .

��  !
� ��-4	� �-�0��� ��6��7�� ]
$�	$ �1 �; �2> �#-A�;g
��$� �#
$�	$ .]A0qE �� ��4	� ,
$  !A�#-� �-�� %$(-'
� /�-A

 �?$  !>]f�e[.�
) �� �6-��7�� �-1  !-�_)5 8-9: !��;$ /�A
 H�2-U 0� �-1 %$2-3�4�5 �6-��7�� ]
��-;$ �%$23�4�5Sb+5 0

Sb+3�� H�2U �(�M .(M$Sb+5,
�'
�S Sn+4�-1 (�\� �2> 
%0(4"�$ ]
$�	$ �� �
$!A /�A 0 �2> �-� ]A�; ��0��� !-1�
 .

�%$23�4�5 �6��7�� �B9C ]
$�	$ �1Sb+3 ,
�'
�S Sn+4 �-� -
���l !��2D �a�1 0 �2> j-��l ]A�-; 0  !-�(
RE /�A �� 0 �-A

 �� ��0��� ]
$�	$ ���4� �2->]ZY[.j"-> �%5 (-1 %0�-	$d
�� %�#� �; !A� ��$�  .$!�$ ]
$�	$ �1 ��-J5 ]A�-; j-��� �-1 �A
��$� .(��� ]A�; �"
(4"�$ ��0��� ��A !1�
]WW[.

/$(-1 ��� <k47$ ^�l (1 �
(4��$2�(D j����4E H$(��&D
��23� j�> �� �Ap�?$  !>  �$� %�#� .�-�  !-
� �� %�\u-

�� �
(4��$2�(D t�4�0 ��
)(? 0� /��� <k47$ ]
$�	$ �1 ��2>
S�-� ]
$�	$ �+7 �2� �1 �=\� �� !-1�
 .,-
$ �-=\� ^�->

 h2--� ]��--?�  !--\A� %�#--� �--A�$�23�n�--
) �� @.�--� /�--A
SnO2:Sb �--?$ ]e.[�--
) �`�--? ^
(--z �� �--AK�XX �� 

o0!SZ !>  ��05 !�$.

5'�9/�A�$�23�Y)αhυ(^�l (1)hυ(/$(1�
) /�ASnO2��7�� L94�� /�A!U�� �1 %$23�4�5 �6.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                               5 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html


yk?$ /0!	 �z�!3T� %$(
$ �?�\> ���; 0 �?�\>�291 �9�� ���

[Sb/Sn]%=
 0

1.25
 2.5
 5

7.5
 10

0 50 100 150 200 250
-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

Th
er

m
oe

le
ct

ric
-e

m
f(

m
v)

Temperature difference (δT) oK

5'�:��$�  .$!�$ O?24� H$(��&D ��
����
) ��0��� 0 �"�4E$ <�M ��A%$23�4�5 �$!�� ^�l (1 �A.

5'�;1 �
(4"�$2�(D j����4E.$ �*1�D H�2U ���� <k47$ /$(1�
)�A/SnO2%$23�4�5 L94�� /�A!U�� �1 .

<��=�
 
�?�(1 G$(E /�A2'�$ XRD ��23� �-� %�#� �A �-��5 �-; !-A�

 �291 N1!\4�A .0@�291  .$!�$ �A/ (4�M �� ���5 Wd�-D Yb
(4�2����?$ ]
$�-	$ !-�0� %$2-3�4�5 �6-��7�� ]
$�-	$ �1 �; g

�� o�`�� $� �#A�;!\\; .%0�	$ %5 (1 �%$23�4�5 �B9C ]
$�	$ 
�� ^`? _(� �2�  (4�M �� �2`a �2> .$ �bY%�1Wd%<�M 0
.$ /�2��b/Z�1eV ef/Y]A�; !1�
 .�6�#� �-"
(4"�$ �1�


��23� �-� %�#� �A �-; !-A� �-��5 h2-� /���-?(3��n!\4�-A 0

�D �6��7�� ]
$�	$d�-�0��� ]A�-; ^`? !U�� �-� �2-> 0
NF?��6��7�� (4#�1 ]
$�	$ �1 �� ]
$�	$ ��0���!1�
.

>3��� 
[1] Bagheri-Mohagheghi M.M., Shokooh-Saremi 
M., “The electrical, optical, structural and 
thermoelectrical characterization of n- and p-type 
cobalt-doped SnO2 transparent semiconducting 
films prepared by spray pyrolysis technique”, 
Physica B 405 (2010) 4205–4210.  

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                               6 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html


!9S�� ��3> �s���
�E �s�� �
) �6�#� 0 ���#��
) �1�
 @.�� /�ASnO2:Sb���D . . .���

[2] Yuonesi M., Izadifard M., Ghazi M. E., Esmaili 
Ghodsi F., “Influence of Co and Fe substitution on 
optical and structural properties of zinc oxide thin 
films”, Iranian Journal of Crystallography and 
Mineralogy 19 (2011) 65-72. 
[3] Ha-Rim An, ChangYeoulKim, Sung-TagOh, 
Hyo-JinAhn, “Effect of sol-layers on Sb-doped 
SnO2 thin films as solution-based transparent 
conductive oxides”, Ceramics International 40 
(2014) 385-391. 
[4] Sushant Gupta, B.C. Yadav, Prabhat K. 
Dwivedi, B. Das, Microstructural, "optical and 
electrical investigations of Sb-SnO2 thin films 
deposited by spray pyrolysis", Materials Research 
Bulletin 48 (2013) 3315-3322. 
[5] S. M. B. Gharshi, A. Bejat, M. Naghabi, G. 
Mirjalili, “Simulation and fabrication of 
nanostructured ZnS/Metal/ZnS films and study of 
their structural and optical properties, NW of Iran 
(in Persian)", Iranian Journal of Crystallography 
and Mineralogy 20 (2013) 169-178. 
[6] Wenhao Yang, Shihui Yu, Yang Zhang, 
Weifeng Zhang, “Properties of Sb-doped SnO2

transparent conductive thin films deposited by 
radio-frequency magnetron sputtering”, Thin 
Solid Films 542 (2013) 285-288. 
[7] Seung-Yup Lee, Byung-Ok Park, “Structural, 
electrical and optical characteristics of SnO2:Sb 
thin films by ultrasonic spray pyrolysis”, Thin 
Solid Films 510 (2006) 154-158. 
[8] E. Elangovan, S.A. Shivashankar, K. 
Ramamurthi, “Studies on structural and electrical 
properties of sprayed SnO2:Sb films”, Journal of 
Crystal Growth 276 (2005) 215-221.  
[9] Hong-Lei Ma, Xiao-Tao Hao, Jin Ma, Ying-Ge 
Yang, Jie Huang, De-Heng Zhang,Xian-Gang Xu, 
“Thickness dependence of properties of SnO2:Sb 
films deposited on flexible substrates”, Applied 
Surface Science 191 (2002) 313-318. 
[10] S. Haireche, A. Boumeddiene, A. Guittoum, 
A. El Hdiy, A. Boufelfel, “Structural, 
morphological and electronic study of CVD 
SnO2:Sb films”, Materials Chemistry and Physics 
139 (2013), 871-876.  
[11] Dengbaoleer Ao, Masaya Ichimura, 
“Deposition and characterization of Sb and Cu 
doped nanocrystalline SnO2 thin films fabricated 
by the photochemical method”, Journal of Non-
Crystalline Solids 358 (2012) 2470-2473.    

[12] E.A. Floriano, L.V.A. Scalvi, J.R. Sambrano, 
A. de Andrade, “Decay of photo-induced 
conductivity in Sb-doped SnO2 thin films, using 
monochromatic light of about bandgap energy”, 
Applied Surface Science 267 (2013) 164-168.  
[13] Viviany Geraldo, Luis V.A. Scalvi, P.N. 
Lisboa-Filho, C. Morilla-Santos, “Drude’s model 
calculation rule on electrical transport in Sb-
doped SnO2 thin films, deposited via sol–gel”, 
Journal of Physics and Chemistry of Solids 67 
(2006) 1410-1415. 
[14] Rita Singh, ManishKumar, S.Shankar, 
RajeevSingh, Anup K.Ghosh, O.P.Thakur, B.Das, 
“Effects of Sb, Zn doping on structural, electrical 
and optical properties of SnO2 thin films”, 
Materials Sciencein Semiconductor Processing 31 
(2015) 310-314. 
[15] Novinrooz Abdoljavad, Sarabadani Parvin, 
Garousi Javad, “Characterization of Pure and 
Antimony Doped SnO2 Thin Films Prepared by the 
Sol-Gel Technique”, Iran. J. Chem. Chem. Eng. 25 
(2006) 31-38.  
[16]  Xiudi Xiao, Guoping Dong, Jianda Shao, 
Hongbo He, Zhengxiu Fan, “Optical and electrical 
properties of SnO2:Sb thin films deposited by 
oblique angle deposition”, Applied Surface 
Science 256 (2010) 1636-1640. 
[17] J. Mazloom, F.E. Ghodsi, M. “Gholami, 
Fiber-like stripe ATO (SnO2:Sb) nanostructured 
thin films grown by sol–gel method: Optical, 
topographical and electrical properties”, Journal 
of Alloys and Compounds 579 (2013) 384-393.  
[18] Shihui Yu, Linghong Ding, Chuang Xue, Li 
Chen, W.F. Zhang, “Transparent conducting Sb-
doped SnO2 thin films grown by pulsed laser 
deposition”, Journal of Non-Crystalline Solids 358 
(2012) 3137-3140. 
[19] Shihui Yu, Weifeng Zhang, Linngxia Li, Dan 
Xu, Helei Dong, Yuxin Jin, “Fabrication of p-type 
SnO2 films via pulsed laser deposition method by 
using Sb as dopant”, Applied Surface Science 286 
(20130 417-420. 
[20]  S. Sujatha Lekshmy, Georgi P. Daniel, K. 
Joy, “Microstructure and physical properties of 
sol gel derived SnO2:Sb thin films for 
optoelectronic applications”, Applied Surface 
Science 274 (2013) 95-100.  
[21] Haoran Zheng, Lingxia Li, Zheng Sun, Shihui 
Yu, Weijia Luo, “Preferential orientation, 
microstructure and functional properties of 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                               7 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html


yk?$ /0!	 �z�!3T� %$(
$ �?�\> ���; 0 �?�\>�291 �9�� ��~

SnO2:Sb thin film: The effects of post-growth 
annealing”, Applied Surface Science 362 (2016) 
230-236.  
[22] Yang-Yi Lin, Albert T. Wu, Ching-Shun Ku, 
and Hsin-Yi Lee, “Analysis of Chlorine Ions in 
Antimony-Doped Tin Oxide Thin Film Using 
Synchrotron Grazing Incidence X-ray 
Diffraction”, Japanese Journal of Applied Physics 
51 (2012) 10NE28-4. 
[23] B. Zhang, Y. Tian, J.X. Zhang, W. Cai, “The 
FTIR studies of SnO2:Sb (ATO) films deposited by 
spray pyrolysis”, Materials Letters 65 (2011) 
1204-1206. 
[24]  Xiudi Xiao, Guoping Dong, Jianda Shao, 
Hongbo He, Zhengxiu Fan, “Optical and electrical 
properties of SnO2:Sb thin films deposited by 
oblique angle deposition”, Applied Surface 
Science 256 (2010) 1636-1640. 
[25] Bon-RyulKoo,Hyo-JinAhn, “Structural, 
electrical, and optical properties of Sb-doped SnO2

transparent conductive oxides fabricated using an 
electrospray technique”, Ceramics International 40 
(2014) 4375-4381. 
[26] M. Ranjbar, M. Ghazi, M. Izadifard, “Effect 
of drying temperature on structural, dielectric, 
optical and magnetic properties of sol-gel derived 
BiFeO3 nanoparticles, NW of Iran (in Persian)",
Iranian Journal of Crystallography and Mineralogy 
26 (2018) 251-260. 
[27] G.K Williamson, W.H Hall, “X-ray line 
broadening from filed aluminium and wolfram Die 
verbreiterung der roentgeninterferenzlinien von 

aluminium- und wolframspaenen”, Acta 
Metallurgica 1 (1953) 22-31 
[28] M. R. Fadavieslam, N. Shahtahmasebi, M. 
Rezaee-Roknabadi, M. M. R. Bagheri-
Mohagheghi, “A study of the photoconductivity 
and thermoelectric properties of SnxSy optical 
semiconductor thin films deposited by the spray 
pyrolysis technique”, Phys. Scr. 84 (2011) 035705 
(8pp). 
[29] Soheila Hemmatzadeh Saeedabad, Gurpreet 
Singh Selopal, Seyed Mohammad Rozati, Yaser 
Tavakoli, Giorgio Sberveglieri, “From 
Transparent Conducting Material to Gas-Sensing 
Application of SnO2:Sb Thin Films”, Journal of 
Electronic Materials 47 (2018) 5165–5173 
[30] ShiminLiu,Wanyu Ding, YousongGu, 
Weiping Chai, “Effect of Sb doping on the 
microstructure and optoelectrical properties of Sb-
doped SnO2 films prepared by spin coating”, Phys. 
Scr. 85 (2012) 065601(5pp). 
[31] Sk. F. Ahmed, S. Khan, P. K. Ghosh, M. K. 
Mitra, K. K. Chattopadhyay, “Effect of Al doping 
on the conductivity type inversion and electro-
optical properties of SnO2 thin films synthesized by 
sol-gel technique”, Journal of Sol-Gel Science and 
Technology 39 (2006) 2421-247 
[32] R. Outemzabet, M. Doulache, M. Trari, 
“Physical and photoelectrochemical properties of 
Sb-doped SnO2 thin films deposited by chemical 
vapor deposition: application to chromate 
reduction under solar light”, Applied Physics A 
119 (2015) 589-596 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

73
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.29252/ijcm.27.3.739
http://ijcm.ir/article-1-1339-fa.html
http://www.tcpdf.org

