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4*�>;��8� ��A:�* ZnO .�*� % > w�!� 2$N c: �5 .��*� ��8� �G� �� ���	 ;\���.

4*�?;��8� ��A:�*ZnO:Al . �*� % > w�!� 2$N c: �5 � G� �� ���	 ;\��� .	 ;\��� ]��A�� ��*� �8�!�� .���*� ��8�� [�:�� �5 ���.

@� #�� 

�./&01 2
� �� �5 ;&�  $�<� �5 6$7$�8�, �9��:�� ��&#	� �K�

 ;�L� & �5�pD Q�8S�*��5 >.%+� �� R
�A�;�$' ;�/
�� ��!� �5�pD �<  7/��
3 �5 % $
3, ;&�  $�<� =+�� ;�/

 �
���' ���!	� 4&� �5 �< 6$7$�8�,�$�D% > ��  �� ��A:�* ;��
 �
��D�& �>8-!> ;�8@5 7A�/ �< �A!$5 ;�A*�� �� 

�MES ;)TTU (�@S�	 �5 Q�MES 2$5 ;X|z{/Ur&�A�-�, 

%��< ;�$-A�e �� .��8_� �� ;�8� �/��Z' ��#$� 2
�D3�5 ;�/
�8� ]8J �� % > �$�D +� �D3�5 ;�/����� ;&� �A�8���  /�

 �5 �5��5 ���, ;\��� v�' %+� �� &�l/���& �&�AC�� �*� .R
�A�

;��8���A:�* ;�L� �G*�M�  $�n� % $
3, ;&� �5 6$7$�8�,

�� ��!� ��8� [:�� �5 ���	 ;\��� �<  /� .��*� % > [�A7�
 ��A	� �$$`D & �C
�AC�� .��*� .
�#	� �5 �p7� �p$A� �� &

�*� % > �, ;�8�.

A8 �� 

[1] A. Stadler, "Transparent Conducting Oxides—
An Up-To-Date Overview", Materials 5 (2012)  
661-683..
[2] Naderi M., Zargarshoshtari M., Kazeminejad 
I., “Investigation Of Precursor Solution 
Concentration Effect On Morphology And Optical 
Properties Of zinc oxide Nanorods For Polymer 

Г K M A L H AГ

En
er

gy
(e

V
)

A

Г K M LГ H A

En
er

gy
(e

V
)

A



 @e��%��_> �����A�5�D j��� �'0
& ;�L� & �5�pD �*��5�
3 ;�/;&�  $�<� =+�� ;�/. . .l��

Solar Cells Application” , Iranian Journal of 
Crystallography and Mineralogy 25(4) (2018) 885-
894
[3] A. Banerjee, K. Chattopadhyay, "Electro-
optical properties of all-oxide p-CuAlO2/n-ZnO: Al 
transparent heterojunction thin film diode 
fabricated on glass substrate", Open Physics 6 
(2008)  57-63.
[4] M. Grätzel, "Dye-sensitized solar cells",
Journal of Photochemistry and Photobiology C: 
Photochemistry Reviews 4 (2003)  14 tkjt� .

http://dx.doi.org/10.1016/S1389-5567(03)00026-1.
[5] Younesi M., Izadifar M., Ghazi M., Esmaeeli 
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(3) (2011) 65-
72
[6] Hasanpour A., Niyaeefar M., Asan M., 
Amighian J.,“Preparation Of Fe3O4-ZnO Core - 
Shell Nanopowders And Comparison Of Their 
Magnetic And Optical Properties”, Iranian Journal 
of Crystallography and Mineralogy 20(4) (2012) 
759-766  
[7] Sarraf N., Hasanpour A., Hashemizadeh A., 
Akhoond A., “Investigation Of Room Temperature 
Ferromagnetic Behavior In Mn Doped ZnO 
Nanoparticles” , Iranian Journal of 
Crystallography and Mineralogy 23(2) (2015) 383-
388
[8] Zargar M., Pourmoghadam A., Farbod M., 
“Fabrication And Study Of Structural, Optical And 
Magnetic Properties Of Zn1-xNixO Nanoparticles”
, Iranian Journal of Crystallography and 
Mineralogy  24(2) (2016) 309-316  
[9]  R. Biswal, A. Maldonado, J. Vega-Pérez, D.R. 
Acosta, M. De La Luz Olvera, "Indium doped zinc 
oxide thin films deposited by ultrasonic chemical 
spray technique, starting from zinc acetylacetonate 
and indium chloride", Materials 7 (2014)  5038-
5046.
[10]  R. Pandey, S. Yuldashev, H.D. Nguyen, H.C. 
Jeon, T.W. Kang, "Fabrication of aluminium 
doped zinc oxide (AZO) transparent conductive 

oxide by ultrasonic spray pyrolysis", Current 
Applied Physics 12 (2012)  S56-S58..
[11] S. Rozati, S. Akesteh, "Characterization of 
ZnO: Al thin films obtained by spray pyrolysis 
technique", Materials characterization 58 (2007)  
319-322. 
http://dx.doi.org/10.1016/j.matchar.2006.05.012.
[12] V.K. Jayaraman, A.M. Álvarez, Y.M. 
Kuwabara, Y. Koudriavstev, "Effect of co-doping 
concentration on structural, morphological, 
optical and electrical properties of aluminium and 
indium co-doped ZnO thin films deposited by 
ultrasonic spray pyrolysis", Materials Science in 
Semiconductor Processing 47 (2016)  32-36..
[13] P. Sahay, R. Nath, "Al-doped ZnO thin films 
as methanol sensors", Sensors and Actuators B: 
Chemical 134 (2008)  654-659. 
[14] S. Kumar, K. Asokan, R. K. Singh, S. 
Chatterjee, D. Kanjilal and A. K. Ghosh, 
"Investigations on structural and optical properties 

of ZnO and ZnO:Co nanoparticles under dense 
electronic excitations",
RSC Adv. 4 (2014) 62123 

[15] S. Desgreniers, “High-density phases of ZnO: 
Structural and compressive parameters”, Phys. 
Rev. B 58 (1998) 14102. 
[16] H. Karzel, W. Potzel, M. Köfferlein, W. 
Schiessl, M. Steiner, U. Hiller, G. M. Kalvius, D. 
W. Mitchell, T. P. Das, P. Blaha, K. Schwarz, and 
M. P. Pasternak,  “Lattice dynamics and hyperfine 
interactions in ZnO and ZnSe at high external 
pressure”, Phys. Rev. B 53 (1996) 11425. 
 [17] C. Gumu, O. M. Ozkendir, H. Kavak, Y. 
Ufuktepe, “Structural and optical properties of 
zinc oxide thin films prepared by spray pyrolysis 
method” J. optoelectronics and advanced materials 
8(1) (2006)  299 - 303 
[18] R. Swanepoel, "Determination of the 
thickness and optical constants of amorphous 
silicon", Journal of Physics E: Scientific 
Instruments 16 (1983)  1214.
[19] P. Giannozzi, S. Baroni, N. Bonini, M. 
Calandra, R. Car, C. Cavazzoni, D. Ceresoli, G.L. 



;�897� �;�8_M� ���
� �*�7> ���< & �*�7>�8@5 �@p� l�l

Chiarotti, M. Cococcioni, I. Dabo, "QUANTUM 
ESPRESSO: a modular and open-source software 
project for quantum simulations of materials",
Journal of physics: Condensed matter 21 (2009)  
395502.
[20] Li L., Wang W., Liu H., Liu X., Song Q., Ren 
S., “First Principles Calculations of Electronic 
Band Structure and Optical Properties of Cr-
Doped ZnO”, J. Phys. Chem. C (2009) 113 (19) 
8460–8464, DOI: 10.1021/jp811507r 
[21] Xie F., Yang P., LI P., Zhang L., “First-
principle study of optical properties of (N, Ga) 

codoped ZnO”, Optics Communications (2012)  
285(10) 2660-2664 
[22] Osuch K., Lombardi E. B., Gebicki W., “First 
principles study of ferromagnetism 
in Ti0.0625Zn0.9375O”, Phys. Rev. B (2006) 73 
(075202) 1. 
[23] A.A. Mohamad, M.S. Hassan, M.K. Yaakob, 
M.F.M. Taib, F.W. Badrudin, O.H. Hassan, 
M.Z.A. Yahya, "First-principles calculation on 
electronic properties of zinc oxide by zinc–air 
system", Journal of King Saud University-
Engineering Sciences 29 (2017)  278-283.


