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1 OK�K q:� ZnO 7�,LLm{i� M0�-;�u#)�$u��w[�	zN$[�:�&f�!==�&lY�\9N$[�_1�IzF [1]. ZnO �- 3.3eV Tx`bH'℄ 60meV m^t� I� T0�sM��`�:-^Em�&:z.. [2,3]. b.R� ZnO m:��\3�<e�H�<<r-o;am5` [4∼6]. F^�-�`�<
ZnO �Cme��$u���-ZO�\o?\ (MOCVD) ��t�I� (MBE) �5I^:|\ (PLD) �S�s~ (RFMS) p�AJwb�m�<e�_� PLD e�A�<�O[�C�=�-�hm*���9!jA��p����>D}z^:m/0H5IQ0 	j7tmf4�<���A�wrmAtT�e�<L'\*m�C�X0�zm7 �
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2 5LA PLD `Bm�<�_�-#*���kmGH�*�YAtmt|�HAtSom�";M 50mm. �<�_m�tK��℄h 8×10−5Pa. �<�M,�E ZnO �Cm�>�HAt��I�m%��k�/) Si(111) {MAt�AÆAt���<�S^��fA#?_=�e^�oM�YA�Q_=�e^�?)j"t!I^�yM)'Rb\P#�	�_./)m ZnO m�M 25.4mm, +R�M 99.99% m ZnO �D	Z{|	B�/)&<M 248nm m KrF ^:�� 45◦ vv~hz��9m�<<rM�^:ma5II*M 750mJ/P, 5IQ0 3Hz, |\�o 40min, |\��<�K�M 1×10−4Pa, AZ�\�_�AtT��"M 300 � 400 � 500 H 600◦C.�Cm�9|2/) X ~nÆ~ (XRD)  �\� Cu  Kα n (λ=1.54056nm), )7t(hK� (AFM)  �Æ!=~7��Tem:X�: (PL) V)&<M 325nm m He-Cd ^: ^��rTem:X�:VAI��jA,�~	��mK�rI:V	�F��3��K�rI:V	�F����)AT�<re (18K V�T) m$::V3��^�&<U 130∼350nm, �~&<U 300∼750nm.

3 $��8,
3.1 XRD�AD 1 �AZ�R	e�� Si(111) MAtA)AmAtT�e) PLD �Æ�<m ZnO�Cm XRD DV�.-m ZnO �C�-�:Em (002) ��"�) PLD �ÆAZ�R

C 1 �Y�Q�℄�(�l�sS�d�
Si(111) L�s( PLD ��;l ZnO �Bl XRD CU
Fig. 1 XRD patterns of ZnO films on Si(111)

without ambient oxygen grown by PLD tech-

nique at various substrate temperatures

C 2 �Y�Q�℄�(�l�sS�d Si(111) L�s( PLD ��;l ZnO �Bl XRD(002)�l�%� (FWHM) 2�sS�l4_
Fig. 2 FWHM of XRD (002) peaks of ZnO thin

films on Si(111) without ambient oxygen prepared

by PLD technique as a function of substrate tem-

peratures	e�I�<L c e'�htm ZnO �C�dAtT�U 300◦C Ckh 500◦C ���m`��%Ck�o	dAtT��h 600◦C�� (002) �m`�.�hqw,�/I�UD 1 _���LdT�U 300◦C �Oh 600◦C �� ZnO(002) �mRYt'v��tP�� Zeng[10]
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4 W ) ��n	�sS�� PLD ��;l ZnO �B{1G
84�l%p 1007p�76h,A�mP��/:sMJ*P��I3 ZnO �CHAtom)AmpNH` .fXm01#(-5�D 2 �'m�AZ�R	_�)AAtT�em ZnO �Cm
XRD(002) �m�'�3AtT�m5`�A!D_�dT�U 300◦C z�h 500◦C ���'�U 0.76 quh 0.24, oMdT�z�h 600◦C ���'�.C_h 0.26. +T!� ZnO�Cm�9\*(oAtT�U 300◦C z�h 500◦C -,�hm6'�%A 500◦C �Vk,yF\*m ZnO �C�dT�'0 500◦C �� ZnO �Cm\*mur,�X:sM�AT�r0 500◦C ��w'mT���+!=�&m℄�60w�m�I��	��~B'\*m ZnO �C����LAX:m	�_ 500◦C ��*yI��<'\*m ZnO �CmT��dT�'0 500◦C ��tUY� ZnO �Cm�}�"Z (002) �m`�qw�_�'�C_�X:m|33X/�w�Æ|B [8,10∼12] �X�
3.2 AFM%�D 3�AZ�<re�<m ZnO�Cm AFM|B�A 300◦C<re�<m ZnO�C (D
3(C)) hÆ,�*W1m!=�_A!=z�*o_u)�m�&��&G\A 30∼200nm,

C 3 �Y�Q�℄�(�l�sS�d�
Si(111) L�s( PLD ��;l ZnO �Bl AFM C
Fig. 3 AFM photographs of ZnO thin films on

Si(111) grown by PLD without ambient oxy-

gen at various substrate temperatures

(A) 500◦C; (B) 400◦C; (C) 300◦C%-!$0en�&�*0!=�dAtT�M 400◦C � (D 3(B)), �&mG\�u��*�k�>�!=�m,kTO�dAtT�Ckh 500◦C � (D 3(A)), �Cm!=.�k)TO�Lj,�wAN)emf5�X:sMJwf5�I�~BmK��&� Shan[13]p�i,) PLD �Æ�< ZnO �CAAtT�M 400◦C �Vkyum�&G\�J3X:	�|B�X�U AFM |B��kLJ�m|3�A PLD �< ZnO �Cm	�_�J�y�h�M ZnO A Si Atzmen�<A�AAtT�M 300◦C ��:�h�dAtT��'h 500◦C ��!=mxNFX,dt0~B ZnO mKu�&�`D 3(A) _mANf5�
3.3 N �= ÆQ	�UÆ�D 4 �AZ�R	_�)AAtT�e�<m ZnO �Cm:Te PL V�	�_/)
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1008 Y Y - - � � 21 �&< 325nm m He-Cd ^:{M^�9�UD 4 _���L�rI�:� (380nm) H1:�
(510nm)�AtT�m&qK_�50 ZnO mrI�:��q:��Æ0<|M`��~�(oAtT�U 300◦C Ckh 500◦C, 0m`�Ck�dT�'0 500◦C ��rI�:�m`��hqw�AAtT�M 500◦C e�<m�C�-y`mrI�~�	�A 500◦C e�<m ZnO �CmrI�:�m�'��M 132meV, � Fan[8] �imAA�AtT�H 11Pam�	e�<m ZnO �Cm:X�:|B�E���sM [3,7,14], ZnO mrI�:�3�9\*-5�X:m|BP�,J�x� MAAtT�M 500◦C �m XRD D_m
(002)�m�'�yE�"�,J*T�em�C�-yFm�9\*�

C 4 �Y�Q�℄�(�l�sS�d� Si(111)L�s( PLD ��;l ZnO �Bl�Sd8W
8U�� He-Cd ℄8L℄
8
Fig. 4 Room temperature PL spectra of ZnO

thin films on Si(111) without ambient oxygen

prepared by PLD technique at various substrate

temperatures using He-Cd laser as light source

C 5 �Y�Q�℄�(�l�sS�d� Si(111)L�s( PLD ��;l ZnO �BlqSd (18K)l8W
8U���+�}L℄
8
Fig. 5 Low temperature (18K) photoluminescence

(PL) spectra of ZnO film on Si(111) without ambient

oxygen prepared by PLD technique at various tem-

peratures using synchrotron radiation as light sourceUD 4 _���L�AAtT�M 300◦C ��8-Lj1:�~�	dAtT��'h
400◦C ��BLj,�wwm1:�~�AAtT�M 500◦C ��(orI:mC`�1:�~m`��o#uC_�	A 600◦C ��0m`�.-.qw�501:mZ9�_� q [8,15∼19] Æ0<|0ll��0mK	Z9to��*N3mP7�b.R� ZnO�C-�w�Mmll�u��;b (Oi), x;b (Zni) , ��R ( VO), x�R (VZn) H�x�R (OZn). + [20] pqg', ZnO m�MllmI`|2�g'|BuD 6 .Æ�U!D_���L�Uf`th OZn mI*o(� 2.38eV, J3X:m PL V_m1:mI*RY��Xm� TX:sM1:�IZ90 OZn, J3 Fan[8] H Lin[19] pqm|B�X�
3.4 ;��3J(�A,�~M^�9m:X�:Vm3*A 18K mrTe���	�_.)m^�&<M 199nm, 	�|BuD 5 .Æ�AD 5 _���76h�:_zR0 430nm(2.88eV)mr:�~�_Kwm1:�~�AAtT�M 400◦C ��r:�~y`� Jin[9] pq�D76hJ�mr:�~� Cordaro[21] p�iD�A ZnO _R0f`te 0.33eV mIbRY[A
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4 W ) ��n	�sS�� PLD ��;l ZnO �B{1G
84�l%p 1009�*�=�~ (interface trap), J*�~�I3 ZnO m�&o� (grain boundary) -5� TX:sMr:�~3[A0 ZnO–ZnO �&o�m�=�~."Zm�=llIbhm`m<℄-5�J*|3AX:m AFM |B_�-.�'�A AFM D_�AtT�M 400◦C��<m ZnO �C�&yu	Jw�&m�*�:�>�V� TJ*T�em ZnO �C�-y_m�&o��	AD 5 _�J*AtT�e�<m ZnO �C�-y`mr:�~�50J*�=�~mZ9� Cordaro[21] pl�J*�I3"tOm��R-5�U+mg'|B [20](D 6) ���L�J*llIbmRY3��RmRY)��	Ux;bhm`~mI*o(� 2.9eV, J3X:	�|B_mr:mRY (2.88eV) �:o��+0X:m�S��AZ�R	_�<m�~B��RHx;bm�I��w_� TX:sM�=�~�IZ90x;b�r:�I�+�=�~7�mllIbhm`m<℄."Zm�
C 6 f&-jl ZnO kkHaC [20]

Fig. 6 Pattern of calculated defects′ energy levels in ZnO film[20]AD 5 _OILjR0 380nm mrI�:��� "�A ZnO �C_[A)Am�:_z�u�rI�:_z (380nm), r:_z (430nm), 1:_z (510∼550nm). 0:m:X�:`��I3^�:m&<H^�;�-5�> [22] pqm	�|BhÆ�rI�~`�(o^�;�mCk	=n�mC`�+0X:A,�~m^�;�� He-Cd ^:�r� T)&<M 199nm m:^�Mh�!jM 430nm mr:�~�(o^�;�mCk�rI�~m`�=n�C`� T) He-Cd ^:^�M�+0^�;�w'�Bh�!jL
380nm mrI�~�	hz�U�A,�~m^�;�v3'�A���^�L 380nm mrI�~�u�G [23] pqA)A,�~{M^�976h,K`mrI�~�
4 $,AZ�\�_�>D"�.�<r�A Si AtzA����<L c e'�htm ZnO�C�A��T76h, ZnO �Cmy|m:X�:V�U	�|B_���j�AtT�A�� ZnO �Cm�9\*�=Zoa�m{)�% ZnO �CmrI�~30m�9\*-o;am5`� AFM |B!��AX:m	�_ ZnO �Cm�<yJh�!jMenm�<A�A)A,�~{^�9mrTem:X�:V_��j,�:_zR0
430nm mr:�~�X:sM!�~3[A0 ZnO-ZnO �&o�m�=�~."Zm�=llIbhm`m<℄-5�J*�=�~�IZ90 Zni.
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Influence of Substrate Temperature on the Structure and Optical

Properties of ZnO Thin Films Grown by Pulsed Laser Deposition

SUN Bai, ZOU Chong-Wen, LIU Zhong-Liang, XU Peng-Shou, ZHANG Guo-Bin

(National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029,

China)

Abstract: Highly c-axis oriented ZnO thin films were fabricated on Si(111) substrates at different

substrate temperatures by pulsed laser deposition .X-ray diffraction and atom force microscope

were employed to characterize the structure and surface morphology of the deposited ZnO films.

The optical properties of the ZnO thin films were investigated by photoluminescence with He-Cd

laser and synchrotron radiation as light source. The ZnO thin films grown at 500◦C show good

crystallinity and intense UV emission. We also observed the violet emission centering about 430nm

of ZnO films excited by synchrotron radiation at 18K. The violet luminescence is ascribed to the

defects related to the interface traps existing at the grain boundaries, which probably originate

from interstitial zinc(Zni).

Key words zinc oxide; pulsed laser deposition; photoluminescence; synchrotron radiation


