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(1. ℄FMX\OGESYZLTCWNUAH�VJDFI^BQ[R�OG
200050; 2. ℄FMX\ZLP\�?K 100049)7 2
 :�nV{OMy (PLD) #�p- Si(100) O�DMJ ZnO ���v X H=fH
(XRD) ^F H?{�2 (SEM) �e�,,^y} ZnO ���-�#H^�LQr�#V-~�uSO� �^��MJTj,`�#�� ZnO ���-�#H^k[�\$}x6K6B��kCx (700◦C,20Pa) 3MJ� ZnO ��R c G;�!�.C�MP-a6O�-yMJ�#H<v>��v4���Z� ZnO ���7`�U��Q (lift-off) �j>�^ MSM#H ZnO O�vOU��=��U�O,H#e� I − V �T=
-~ ZnO ��DM)H~6�O�v8E�,,^�O�A�wS�z � j
 ZnO ��
nV{OMy
O�vU��=�
O�A�wS;#r
~
TN957 &)d��
A

1 40klK^pDLP�� – �Y7!o2L*ol`+�w�9b�a!4*oL��
3.37eV, |W$`	<l 60meV, :	���Q℄_Æ℄�U�1)�b{~��Y�)'4�~	E	W9V��> �OVQ"Q�~N (LEDs) _|Q�~N (LDs) �QÆW � [1∼3]. �g� ZnO Q�Æ GaN 5f�OVQL*o�w�QÆ9b�
pd66�	�D&$E��? ZnO ���<oW|QNz$ (PLD) �l℄!?Nz$ (CVD) �eI�I$�;� - ��$ (Sol-Gel) _�*6-%$�	�C PLD $^+�NKs"(�N�pDLP���? &$�:	OKm1#�)OK	�EI�Dy<mEW9/2I?�{�W9�DOK��X�� [4]. �g�V� PLD $OK ZnO �����A" ZnO ���QÆW �
��%���:	Fm}~	V�QÆ�> ^X���
��K����/I���M�"℄�wt�0_AX�>℄1Ærh^9�w���G�G�GQ
N_N\℄T�	V��> _d��> nEw\QnA�>1Æ��$	d6.��*�x�X�d�85t:	p�2��V�/I�nA�> 	 [�X/�,_85t [5∼7]. w$�V�Q�> JmY� Si 9b?` Si $(V�Q�> �s/	�?5Egb�$� [8]:

1. Si $(V�Q�> �E�Q	a(�.d�`�;�V�QEOB�� ��'W	p?*I3��kQ1Æ�wY0E�Q6-�85	�w��� 2005–04–01, �l.tw���2005–09–09�
+�� P
M/E�8aEm
5	j (90401010); EY`D�!'u& (046105009)>9�	� *
� (1973– ), ��3℄
5N� E-mail: jmbian@mail.sic.ac.cn
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2. Si �V�Q�.d�/(�YV�Q�=K�a&��B_ Si $(V�Q�> ℄WHj��<	
3. Si 9b�C/I	X5J(�Y Si $(V�Q�> �~GC���gy_p��<?	Y� ZnO vV��> 	(x Si $(V��> �/I>�� 1) ZnO 5.dE�Q�^Q�V�Q�> Ew^yE�Qq�5VmkQ1Æ	 2) 5Vm^Q&$�/lEwnn�<℄WHj	 3) ZnO �C/I	Xa(�Ew��xÆI�u&z"p`�	�$":F�z�QÆwU_G�vP ZnO V��> p��v�O�SP� [9,10], s^O�S�=�S�5wÆ�5{�D�<W	�RP�FOK ZnO ���5(Ew��Q"��)Ew�QÆW �
^Æ�R�zDy?$`�	�W9QÆ�Q� �	""d6_ PLD $Nz ZnO ��XTCP�!�_k!a���$I��B�
X�l PLD $�Dy	���q. Si(100) P�F~y_ c H<�"�/D�<A℄ ZnO ��	1wg9b;��R�k? _ ZnO QÆwPV��> �P �	��QÆwP�> ^℄�q�pD�> ��|�d6^d6�{�DPP�> (< p-n $P� p-i-nP�Q1P�> ) �v[	

2 �1;� PLD$OK ZnO��	|Q �|U Lamda PhysikGr� Lamda Physik LPX KrFg|R-W|Q �|QhX2K� 248nm, �j 5Hz, |Q	℄w�� 5J/cm2. Z�<d

� 1 MSM #H ZnO U�O��=���y�8P�}[|�
Fig. 1 Schematic diagram of interdigital

electrode configuration for ZnO UV photo-

conductive detectors with MSM structure

ZnO �f� (99.99%). P�Z�q. Si(100), f5�*0t�1eo�u
�z%� 1:1:10 �;o,� 2min, wY0 Si .z&4�kl+Æ3fqh�0��u
�0RWoW0f`8	+0[�P�_s(=OKa	OKa�� 	EYO����_P��6 ��}EYOw2�?�:1�l�}_�9��;RI?� 5cm. 0G1Æ�[�#\Q�xJ#_%l-W#�0G�℄<El 10−5Pa. oW|Ql
XQ℄_J)7OKa=Iy�9.z�Y�986p��6�i�Y�z9:1"XZ	�9Q-��W�-W�s-W�jIDP�.z1�zQ�	;� D/MAX-2550V X I>gIs (Cu Kα) --���$.$I�;� JSM-6700F G"I�|Æ3 (FESEM) MB��.z_�z��M$I	w�lDy4OK�<A℄ ZnO ���v? QÆwPV��> 	�_+Y.zkl?_.4?�QF$���l�)S_l℄_+T+0	�� ZnO���t�2VUC��^ÆRl℄$QFq2V ZnO ��.z�i�Y �U	+C	�g�&t;� lift-off �k���.z~yA9Æ~�R	q?�>q�A9Æ~\}�<� 1 z\	<-'i�w�!\Tm�;�ÆWl1"&Z? _ Ti/Pt/Au(200Å/100Å/2000Å)3`'iÆ~	�
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 PLD #MJ;�\ ZnO ����O�v�Tb4 703_7CÆ~
���
�!\�U�l�� <!� (600◦C) 4)S_`'l℄T	
3 �}�!�
3.1 PLDq�iv= ZnO b�x3f�m6��_OK<A℄� ZnO ���f5� PLD $OK���Dy	�)S_�l	�5
P�!�_5
k-a4OK_ ZnO ���XRD --$W<� 2 z\	EwBX��Y� ��P�!� (200◦C) 4��n;S9
(002) .z/D�.��.W�OK&D^g�wÆz� c Hb7�P��� c H<�"�/DOK	vTP�!��P<�
(002).�<L (FWHM) +%�.���$.U	�<	/^��� PLD $? ���XTC�oW|Q
t�9�EO��DWW"ryv�wf�n6-WW4T�v�F�1�v�F"O"r�Q℄�$._Q�XT	P�!��<��DWW�"r	7�n�	V�Q℄_$.	i�CnEwBX�uNzU�k-ai 0.05Pa$�y 20Pa U� (002) .�<L (FWHM)+%�.���$.U	vk-a�$(��<	WiCMBy�0G'��k-a���NzXT℄7M��B^�oW|Qz|"��RW�RQ��B	uk-aLX 20Pa U����RW�C�WW�	wQ_s��RW�E	5	ylP�

� 2 Si(100) D4�O� �4�j,`3� ZnO ��
Fig. 2 XRD patterns of ZnO films grown on

silicon at different substrate temperatures and

different oxygen pressure

(a) 200◦C, 0.05Pa; (b) 200◦C, 20Pa; (c) 700◦C,

0.05Pa; (d) 700◦C, 20Pa.z�w=��OKHja�	�)i��OK�X℄--�WW��	~�n5V����Q℄
OK	

� 3 �kCx (700◦C, 20Pa) 3 PLD #MJ ZnO ���-y��y SEM ,�
Fig. 3 SEM images of ZnO films grown on Si(100) by PLD under optimized conditions (700◦C, 20Pa)

(a) Surface image; (b) Cross-section image
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704 ( w 7 ` [ � 21 <v�wF--&t8�P�!� 700◦C, k!-a 20Pa ^ PLD $OK ZnO ���℄�Dy	�	�g	�4OK� ZnO ��)S_ SEM �MRs.2�<� 3 z\	+Z�.�zOK� ZnO ��.zQi�3�.WUk?���?W�� 20∼30nm,$I?�=w�)H�s1;OQ���
P�$`=w	d��i SEM �z-�EwBX*I=w�NQ.b7�P�OK�/
 XRD �--$W^p=�	
3.2 MSM�y ZnO �<$ g�|o*5-���QÆwP�> �ÆN\�[6-\Q�

σ = e[µn(n0 + δn) + µp(p0 + δp)] = σ0 + ∆σ�C σ0 _ ∆σ -/��> ��Æw_QÆw [9,10]. �_�<QÆwP�> �N %_QB��7'W���Æw σ0. �w$�d6C�&t"9� PLD &$� <k-a4OK� ZnO ���Æ[j <��Æwa��	Ja[�z? ���Æf�W9 <�N %���_`�? <U	� ZnO vV��> [4]. � 4 ^ PLD $ 700 ◦C U� �k-a (∼ 10−2Pa) _ <k-a (20Pa) 4? � ZnO V��> ��V�Q-I$f� I − V->�%	 �k-a_ <k-a4? �l��Æ[-/� 1kΩ _ 30kΩ. iZ[�>UK1Ew+Z�BX�3`'iÆ~
��RQa[�
�!\�1)l��V�Q�-I4Æ[nn����EO�7QÆw9F	�lDy (700◦C,20Pa) 4OK� ZnO ��l���"J�Æ[ n�QÆwH�nB�7	

� 4 MSM #H ZnO U��=�U�O,H#e I − V ,=�$
Fig. 4 Comparison of I − V characteristics for ZnO UV photoconductive detectors with MSM structure

The dark resistivity is (a) 1kΩ, (b) 30kΩ

3.3 |o*5�Æs'QÆw�> "AF^p?/I}9Æ[ ��D`�T\�� 5. p?	℄n�o2�QW!.d�EOp?ÆW_G^� (hν →h++e−), ÆW - G^��ÆGC-RRQQÆf�QO�fW!
�!\Æ~d�EOÆN\	��<[QÆw�> Nq�"�;�b�ÆaÆi��>y�N\��aÆiCÆf�+l	�� ZnO ��Nq�QÆB�nN��Q-U!.4�.z�k�W�Q�4_QK&fk��.4�
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3 � )�~��
 PLD #MJ;�\ ZnO ����O�v�Tb4 705

O2(g)+e− →O2−(ad) h++O2−(ad)→O2(g)gXT^p?aop�+TXT	 ZnO �Q%�W�F�MKs_ps[?T��ÆWG^��EOXT_k.d_Q%-XT	&t? � ZnO ��V��> B�U�aK�.�f.�Jm`�	m�~yW�� ZnO V��> 9b�'W#��.z$Iw[:s�Gk�.4_Q-Uk�%.	t	d6.��u ZnO ���Z N2 !+4�eOKU�r�WqL= ZnO ���)9k�Wp"RQ�G�	r�Wl5kG�EO�ÆW���	H�z?_��.z�!��.4��<_��.z�#�U�Y ZnO �> 	B<�Æ[_B[�QÆB� [11]. d���_':.z!�.4��u��> .z)S�h�<���.zOKp?���=�� SiO2 �h?�Y��
G!>R�E�<�> �B��%�		K/&z�D`4�)S	 � 5 O�v�=��C_�S^�`�h
Fig. 5 Performance mechanism of photocon-

ductive detectors and bias voltage circuit

4 ��;�oW|QNz (PLD) $�q. Si(100) P�FOK ZnO ���vTP�!�_��OKUk-a�$n� ZnO ���.�$I_l℄
℄%~y7L7C	�lDy (700◦C,

20Pa)4OK� ZnO ��S c H<�"�/D�NQ.b7P�.zOK�$I=w?�	w5
�Æ[� ZnO ���9b�;��R (lift-off) QF�k? _ MSM $I ZnO QÆwPV��> 	V�Q-I$f I −V ->�%.��3`'iÆ~
��RQa[�
�!\�l��V�Q�-I4EO�7QÆw9F	l�"J�Æ[�n�QÆwH�B�7	� MSM $I ZnO vV�QÆwP�> �d6�^A" ZnO vV��> �
p"����{�DPP�> (< p-n $P� p-i-n P�Q1P�> ) �d6�F_v[	e�%(
[1] Service R F. Science, 1997, 276(9): 895.

[2] Bian J M, Li X M, et al. Appl. Phys. Lett., 2004, 84(4): 541–543.

[3] Bian J M, Li X M, et al. Appl. Phys. Lett., 2004, 85(18): 4070–4072.

[4] Zhao J L, Li X M, et al. J. Cryt. Growth, 2005, 276: 507–512.

[5] Razeghi M, Rogalski A. J. Appl. Phys., 1996, 79(10): 7433–7473.

[6] Liu Y, Gorla R C, et al. J. Elec. Mater., 2000, 29(1): 60–64.

[7] Nuri W E, Jun Z, et al. Appl. Phys. Lett., 2004, 85(17): 3702–3704.

[8] � ��+{:���BTD\� 2003, 33(1): 34–38.

[9] Liang S. J. Cryt. Growth, 2001, 225: 110–113.

[10] Basak D, Amin G. J. Cryt. Growth, 2003, 256: 73–77.

[11] Wei Yang. Dissertation of University of Maryland, USA, 2002.



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

706 ( w 7 ` [ � 21 <
Growth of High Quality ZnO Films by Pulsed Laser Deposition and

Its Photoresponsivity Characteristics

BIAN Ji-Ming1,2, LI Xiao-Min1, ZHAO Jun-Liang1,2, YU Wei-Dong1

(1. State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute

of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China; 2. Graduate School, Chinese Academy

of Sciences, Beijing 100049, China)

Abstract: Highly c-axis oriented ZnO thin films were grown on Si (100) substrate by pulsed

laser deposition (PLD) technique. X-ray diffraction (XRD) and field emission scanning electron

microscopy (FESEM) were employed to analyze the crystalline and microscopic structure of the

films. Results show that with the increase of substrate temperature and oxygen pressure, the

crystallinity is enhanced and the film presents smooth, dense and uniformed microstructure, and

strong interface bonding with substrate under optimal conditions. The photoconductive UV detec-

tors based on ZnO films with interdigital (IDT) configuration were fabricated by the lift-off photo-

etching method. The I−V characteristics of the detectors before and after ultraviolet illumination

were also investigated, indicating a good ohmic behavior between electrodes and ZnO films, and

significant photoresponsivity was observed under UV illumination.

Key words ZnO film; pulsed laser deposition (PLD); photoconductive UV detector; photore-

sponsivity mechanism


