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Abstract: Transparent and compact ZnO thin films with high c-axis preferred orientation were galvano-

statically deposited in Zn(NO3)2 solutions on the ITO substrate after an electrochemical pretreatment

process. The crystallinity, microstructure of surface and cross section, and optical properties of obtained

films were characterized by X-ray diffraction, scanning electron microscope and optical transmittance spec-

tra. Results show that the deposition time has significant influences on the quality of ZnO films. At the

later stage of film deposition (120min), ZnO film exhibits obvious decrease in the crystalline degree, surface

smoothness, and transmittance, with the increase of crystallite sizes, which indicates that the deposition

time must be optimized to obtain the electrodeposited ZnO film with high quality. In addition, the film

thickness linearly changes with deposition time, illustrating the possibility to control the film thickness by

deposition time.
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N1�' ZnO �5
w��N��ÆKiW$U 355
7+<�Y�O2����;��L� ZnO 0��[X��q�/�8%7+<�Y (DSSC) �a+�;� [4,5].� ZnO �6�?7S�1��x.	7�B�%V' (MBE) ��℄�aO� (PLD) �>#S��"U�O� (MOCVD) �Bjr< (SP)=���"O� (ED) ��R
���"O�?7[S{IR6?7i7$=�M��x�<HjO�E,Nnp��6�|&r� �>Xw+�S6�O�.&s�O�b&� (6� <100◦C) �
 %|�S"��� [6,7], BnH?x�-ESs$�[��
ZnO �6���"O�#XD��O��HI>K
�3��x�aO�rx��O���O�jX
���(&�H���,+��"8F�℄��B,�Bn�|��x��O�<QS��p�O�jXrO�.��p2�V?_��s$0 ZnO�6�x��O�&W�5���K|6�x��O�?7�i7�z0�6�L^QSo(&�p��Bnu9	��(�
[S5N;K�
�
ZnO �6 [8−10].k%H�&W
e$4z�Hj0Q�D�(�$���"_e|�<w�?Nx��O� ZnO�6��
�Pn	��6���"_e|Zx��O��;t��LN&mMi��`g�( ZnO�6�?7�'X��"O� ZnO �6�=�{6�=5s�O�.��L5|��6�_�6�[^;V"O�E,(��H�w��Bn"R(0x��O� ZnO �6��LjXD���z&W���9:�7LO��$E,0 ZnO �6;K=��[^;Vra"�<�H��
2 g}>K)�}����"YAo�= Pt G (k& 99.99%) _F�����rJS�� (SCE) _?$��� ITO ��2� (?r�#
 10Ω/2,

1.5cm×1.5cm) _R(�� (Q�). �O�3_
0.1mol/L Zn(NO3)2, pH ~HjB! KOH �8�
_ 6.0. 5S��" �`_Blk ����"O�b�W� ITO 2�B-K.I�:j�jy�(an�hI�xb(\p�O�b&_ (80±2)◦C,i3��k>Kx��?7O� ZnO �6W�0 ITO Q�D���"_e|�E,_ –1.2V, 15s. _eE
ZnO �6��LjX�p�x��E,_ –0.5mA,

B-� �O��$_ 5 � 20 � 40 � 60 � 120min� ZnO �6-I���"O� ZnO �6>K CHI600B ��"R(rD��>K D/MAX-2550B X 	8 (Cu Kα) Bl�6�KA;V�>K JSM-6700F H4	�-�T (FESEM) ^E�6,+r++;V�>K�� 7200 <O8Bl�6SB�OjaOA
>K
UV-3101PC Baa&��4L9\ 200∼800nm, _�bQ��H���K ITO 2�(_?$�
3 ODGjZ
3.1 �6W4K1;/�R 1_0Q�D� –1.2V_e| 15s�5	��O�D� XRD ORr SEM ,+� �p XRD ORl=d`�5S�)	C#x! ITO 2�Q�r
ZnO, "SR6k��S�)2k(�$�_e|jX
��,+9Q4���"8F�G�� ZnOK��PX SEM Bl�;g�G�� ZnO K�XkGH�Q��,+��S��(� ZnO D�g�\t <50nm. Bn_e|jXl=d(�6O^

Q 1 ^d{iW��
N�C
 XRD NQq+* SEM sF
Fig. 1 XRD pattern and SEM image of the

deposit obtained by the electrochemical pretreat-

ment
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 9 �  � 22 \QSojX��S�vÆw
� ZnO o/07sx�x��O� ZnO SU�(K�p2qD`g�( ZnO �6��S [7,11].

3.2 ZnO ,a;SkP�R 2 _k –0.5mA �x��E,s7LO��$� ZnO �6� XRD OR� XRD ;gw��b� ITO Q��)	CV��S ZnO �)	C�"SR6k��S� ZnO �;K�8	m�_�S
(002))	C�VzN& c �mMi���O��$_ 5min �� (002) )	C5|��O��$p!�
20min��(002))	C2wpZ���$��p!� 40min, �� 120min �� (002) C�Z&0��p!�~p!�D&S5&
�Bl,2�ZnO �;KX&ZO��$(℄�[�k�6�LWQ�|aO��$� ZnO (002) )	CZ&3�$p!2w�p!� ZnO �6�;K��-pZ�2k�6�L�Q�NR�O� 40min ��|aO��$� ZnO (002) )	CZ&3�$p!2s2�)2 ZnO �6�;KX&S5s2�&W
e$4z�x��O�jX
��O�3� pH ~s2�us� 20min �w3� pH ~P^�� 6.0 &T2� 3.5 &T�2 pH ~�H� ZnO ;K�<��.B,{6� pH j���O��>4�l`8F2

Q 2 6KN��#D+r ZnO �5
 XRD NQ
Fig. 2 XRD patterns for ZnO films deposited for differ-

ent time

(a) 5min; (b) 20min; (c) 40min; (d) 120minH�
$Gk Zn(OH)2 ��S�Bn�L�$O�� pH �2�Sl<��� ZnO �6;K�
�s2�
3.3 ZnO ,a;oBv\R 3 _>Kx��O�7k7LO��$E,s	�� ZnO �6�,+� � SEM tG�x���L 5min �bvs� ZnO K�9S68B��7t�7�SG�����`XkGH��L 20min��g�-�A(��S�`g�(�,+Lz�

Q 3 6KN��#D+r
 ZnO �5+*
 SEM sF
Fig. 3 SEM images for surface morphologies of ZnO films deposited for different time

(a) 5min; (b) 20min; (c) 60min; (d) 120min
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N1�' ZnO �5
w��N��ÆKiW$U 357�4�f~	J^Zrb℄ 100nm. OlS��v��M�a�}�i℄
z�R	 ZnO M�B�
RÆu��	 ZnOn�u
n5)Ju�,��|�~�6s�R��	�4	��
J� 60min}��4*)Tx℄5Wx	�4E�,��%Ju	b℄ 200nm; � 120min }�4t�&fm!�}�I~��Ju��4	*)Jx$Q4q0	lT�1�M��"	n � ZnO �4	f~Zrn �*)	�q0	P 4℄v��M�5JM��"	 ZnO�4	
))Y\9T	oP�i;
_�4��49T�&�I~i|WP�
J�YQL$	 c �g���uY XRD	9e4�	J��1v��M��"	n ��4z$n �I~ZrQ4Ju	P
5℄ ZnO�4z$1M��"	&�e|	oe|�i;
_��4	z$1M��"	n T|�n 	J�i;Y0_�!�*C*q ZnO �4	
J-�b℄ 6.4nm/min. Al�Fhn����M��"�i;Lln� ZnO �4	z$	

Q 4 6KN��#D+r ZnO �5**
 SEM sF
Fig. 4 Cross-section structures of ZnO films deposited for different time

(a) 5min; (b) 20min; (c) 40min; (d) 120min

Q 5 ZnO �5{%2N��#
'�f}
Fig. 5 Thickness-time curve of ZnO films

prepared by galvanostatic deposition with pre-

treatment process

Q 6 N��#^ 120min 
 ZnO ,H
;NQ
Fig. 6 EDX spectrum of the ZnO film deposited

for 120min
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 9 �  � 22 \P 6 ℄.M��"℄ 120min 	 ZnO �4 (z$b℄ 850nm) 	 EDX :MP	9e*0�aO
ITO 0�P�xw	 In �#[xy	 Cl �`+T� Zn 	a��A#℄ 47.50%, O 	a��A#℄ 49.34%, Zn p O 	a�#6G 1:1. AlFhuÆv��M�	=5i;��6Gz�����#	 ZnO �4	

Q 7 6KN��#D+r ZnO �5
` N�N
Fig. 7 Transmittance spectra of ZnO films on ITO/glass

substrate with different deposition time

(a) ITO; (b) 20min; (c) 60min; (d) 120min

3.4 ZnO *_9Cyw�P 7 ℄v��M�5J�"q4��	 ZnO�4	_�M�M (300∼800nm). OPi(�i!�*C*q�v��M�4��	 ZnO �4ii(_d	_�Mh� >80%, /^m!%"\�*0�4	9I	��l�̂ e�&�Tx��	tEx����4	_�;w	1�M��"	n �_�Mh�Q4q0�uY�4z$	n ��4	*)Jx$q0QZ	J��d#/3x�1� ZnO �4z$	n �m!%�J3=�7 �uY
{��	9e4���4z$.m!%Q��'I [12]. OhY0� ZnO �4	Ext$b℄ 3.4eV.

4 OZ;{4	�/�&u1℄�M�1�<I. ITOP�B�'�"���℄
z	=5:u�>L�M� ZnO 	Rn&$	iOh℄
z	P��B�v��M�:W��_9I��l�*)^e�&�6Gz�����#	L	� ZnO �4	1M��"	n � ZnO �4	9I�t0unY}VQ4q0��4*)Jx$0��I~Zrnu� ZnO �4ii(_d	_�Mh��Qq0�m!%3
y7	J� ZnO �4	z$1M��"|�&��AlFhn�M��"i;��4�z$	�& ZnO �4	0Ups
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