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æ^%9���AÚ� �,��{��
ØÓ Ga �,ßÝ� ZnO B�(�. X ��û�w«�,B�(
�¥�ü���z n ¶(�. ×£>fw�º*ÿuy��,ßÝ�O�, B�(��/mÅìlB�8cÎ
C�B�I. 1�u1Ú X ��1>fUÌÿþ©Ouy�X�,ßÝ,p, B�(����u1rÝÚÙ¥� 
�¸�érÝÅì~�����, üö�3ér��'5. þã(J� ZnO ��1u���� ÅnJø
#�¢
�yâ. é Ga �,³�B�(�¥�� ��Ï?1
©Û.
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1 Ú ó

ZnO �¿§B�°Ý� 3.36 eV, -fåPU
p� 60 meV, Ïd´��b	1>ì��`Àá
��� [1]. du�3º��AÚL¡�A, ZnO �
�B�(��Úå
<��2�'5 [2]. k'Ù
�� [3]!ÔnzÆ5� [4] ÚA^ [5] ��¡�ï
ÄC5Ñké��?Ð. ���«��1>á
�, ZnO B�(��u15�´<�ïÄ�:
�� [6]. ZnO �¿§1�u1 (photoluminescence,

{P� PL) ÌÏ~d��Å�3 380 nm �m�
Cb	¸Ú��½A���¸|¤ [7]. ~���
�1u�Ì�k¸�©O u 500 nm �m�É
1 [8]!450 nm �m�71 [9] Ú 600 nm �m�ù
1 [10]. ZnO �Cb	u����8(��>�-
f�[ [11], ��1u�cÙ´É1u��5
%��vk½Ø [12]. �«*:´É1u�5u
á�¥��� Ú WY [13], ,�«*:´>f
l��.��� "�U?��[ [14], �k��
òÙ8(� ZnO ¥� Cu ,� [15]. d	, ·�Ï

Lé ZnO B��?1�«Ò4F1u� (cathodo-

lumines, CL) ïÄuy, Ù��1u���B��
�º�9Ù"�3L¡�©Ùk' [16]. ,��¡,

l ZnO á��A^�ÝÑu, XJU|^Ü·�Ã
ãé ZnO á��u1A5?1N�, ?³�Ù�
�u1¿OrCb	u1, òkÏuJp ZnO á�
�Cb	u1�Ç9�'ì�5U.

�,´N� ZnO B�(�1>A5�k�Ã
ã�� [17]. 3 ZnO ��,¥, �é Al Ú In, Ga Ï
�Ù�f�»Úlf�»Ó Zn '��C, �äk
�r�|�z5, Ïd´~^��,��. C5,

®kØ�k' Ga �, ZnO �ïÄ��, ~X, Ga

�,�Jp ZnO B����>Uå [18,19] ¿��
u1A5ØÓ� ZnO B�(� [20,21].

·�|^%9���AÚ� �,��ª, �
�
ØÓ Ga �,ßÝ� ZnO O��B�(�. PL

ïÄL², Ga ��\�wÍ³� ZnO B�(��
É1u�. (Ü X ��1>fUÌ (X-ray photo-

electron spectroscopy, {P� XPS) ©Û, uy�,
�k�³� ZnO B�(�¥�� "��)¤, ¿
Ó ZnO B�(�¥�É1u�rÝ�3ér�'
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é5. ù
(J� ZnO É1u���� ÅnJ
ø
#�¢�yâ.

2 ¢ �

|^+ª¬ÏLÄu%9���A�zÆ
í��È�{�� ZnO B�(� [22]. Zn ´
��' ZnO : C = 1 : 1 (ZnO ®"XÝ� 99.99%,

�$®�1ÌX) �þ!·Ü®", Ga � Ga

ü� (XÝ� 99.999%). Zn !Ga Ú�.�
§Ý©O� 1060 ◦C, 800 ◦C Ú 640 ◦C. Zn �
�.ål� 12 cm, Ga  u Zn Ú�.¥m.

�Aì��.íØ� 10 Pa. Ï\�í 20 sccm

(1 sccm = 1 mL/min), , § � Ç � � 40 ◦C/min,

�  Ú � . � � þ ã � � § Ý �, 2 Ï \ �
í 20 sccm, )� 30 min, ,�'4�í6, 3�
í�oeg,e%�¿§. �,ßÝÏLN� Ga

��þ?1��.

ZnO B�(�/mÚ(�ÏL×£>fw�

º (scaning electron microscopy, {P� SEM) Ú X

��û� (X-ray diffraction, {P� XRD) �\±L
�. |^¿§ PL ÿÁ�¬�u1A5, -u1Å�
� 325 nm. �¬���|¤d XPS ©Û¼�.

3 (JÚ©Û

é�¬?1 XPS ÿÁ, ¿ò Ga �,ßÝ©O
� 0 (��, ZnO), 0.05%, 0.1%, 0.17%Ú 1.43%�
�¬�g·¶� S1, S2, S3, S4, S5. ã 1(a)—(e) ©
O´ØÓ�,ßÝ� ZnO B�(�/m� SEM *
	(J. dã 1 ��, X ZnO �¬äkþ!�º�
©ÙÚ�ß�8cÎ/�, � Ga �,ßÝ�,p,

B���ºàÅìÂ , ¿üC�B�I�/m.

ù
(JÓ®k�©z [23] ����, �m�`²
é�¬� Ga �,´k��. d	, XPS Ìw« Ga

2p3/2 �¸�3 1117.5 eV �m, ?�ÚL² Ga 3
�¬¥/¤
 Ga—O �¿®¤õ/�\� ZnO �
¬�¥ [24,25].� � � � � � � � �� � � � � � � � 	
 � 	� � 	� � 	 � � 	

ã 1 ØÓ Ga �,ßÝ ZnO �¬� SEM (J (a) S1; (b) S2; (c) S3; (d) S4; (e) S5

I�`²�´, � Ga �,þO\, ZnO lB�
�üC�B�I´~��y� [23,26], �Ù�'Å
n8c�vk(½. ��@� Ga �,3B��)
�¥Ú\�Aå¬��æ÷���), ���º�
Aå, B��C�æÈ.)�, �)ºàÅìÂ 
�/� [26,27]. Ød�	, ·�@�3±í�)�
Ån�Ì���� ZnO B���í�)�¥, ¶
� (0001 ��) Ú»�)�¿�. 3vk�,��

¹e, ¶�)��Ç��u»�)��Ç, l/
¤�»þ��B��. �X Ga ��\, ÙL¡A5
�Uu)Cz, ��»� (AO´÷ ZnO �8�c
����) )��Ç²wO�, ��B���/m
� Ga �,þ�O\u)XeCz: 1) B��ºà
ÅìÂ ; 2) �»'~� (X S4 Ú S5 �¬); 3) B
��±>c�âÑ (X S5 �¬).

é�,�¬?1
 XRD �ÿþ, ¤k�¬k
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aq�(J, ã 2 =�Ñ�¬ S5 � XRD *ÿ(
J. lã 2 ¥��, =�3n ¶ ZnO (��û�
¸, � (002)û�¸rÝér, `²�,3�¬¥v
kÚ\,�, �B�(�Ì�÷ (001) )�, ùÓ©
z [28] ����.� ��� ����� 	 
 � � �  � � �� � � � ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � �� � � �  !

ã 2 S5 �¬� XRD (J

�
ïÄ�,é ZnO B�(�u1A5�K
�, éþã�¬ (S1—S5) ?1
¿§ PL �ÿþ,

òØÓ�¬±Cb	1u�¸rÝ8�z��(
J�ã 3. dã 3 ��, �X Ga �,ßÝ�,p,

��1u�rÝÅì~f��ªu��, = Ga �
,é�¬���1u�k²w�³��^. ã 3

��ã?�Ú�Ñ
��1�Cb	1u�r
Ý' Ivis/IUV � Ga �,ßÝ�Cz'X, T�
ã�Ù/�NÑ Ga �,é�¬u1A5�N�,

3 ZnO á�¥=I�\ 0.2%� Ga Ò�±k�/
³� ZnO ¥���u1.

Xc¤ã, ZnO B�(�¥��1u�Ì�
3 450—650 nm Å��m. ã 3 w« Ga �, ZnO

���1u�¸ 3 500 nm NC, áuÉ1u�
��. ©z [29] ò ZnO ¥�É1u�8(���
 "�. ·��QïÄLò»é ZnO B�(���
1u��K�, uy3�í¥ò»�±~fÉ1u
�, (J�É1u�� "��Å��ÎÜ [30].

,	, ·��ÏL CLïÄ
ØÓº� ZnO B��
�u1A5, uyÉ1u�Ì�5u ZnO B�
�L� 10 nm ��� [31]. �Ä� XPS QéL¡¯
a, �U
&ÿ�¬¥����ØÓzÆG�, ·
�|^ XPSïÄ
ØÓ Ga �,ßÝ ZnO B�(
�¥� O1s ¸�A�, (JXã 4(a)—(e) ¤«. d
ã 4 ��, ��,� S1 �¬ (ã 4(a)) � O 1s&Ò
¥yÑé°�!dõ�¸U\�Ì¸, �N�°�

� 2.45 eV; �X Ga ��\, O 1s ¸�pUýrÝw
Íeü, �N�°~�. ~Xéu S5 �¬ (ã 4(e)) ,

�N�°=k 1.54 eV. ù�(J`² Ga ��\�
k�UC ZnO ¥ O ���zÆG�©Ù.

��/, ZnO ¥� O 1s ¸��âÙØÓ�5
^n�pd¸5[Ü. Ù�´¬��¸ (ZnO

¬ � ¥ � l f) , ¸   3 530.35 eV ± 0.3 eV; Ù
�´� �¸ (ZnO ¬�¥"�¥%±���
l f), ¸   3 531.31 eV ± 0.3 eV, Ù � é r Ý
� ZnO ¥�� "�ßÝ¤�'; Ùn´áN
�¸ (XáN3 ZnO L¡� H2O, –CO3 �), ¸ 
3 532.25 eV ± 0.3 eV [32]. �
�Ð/ïÄ Ga �
,é ZnO ¥�zÆG��K�, ·�é O 1s ¸?
1
©¸?n. � �� �� � � �� � �� � � 	 � � 
 � � ���� � � � � � � � � � � � � � � �� � �� � �� � �

� � �� ��� ���� ! " # $ %& '()*& +,
ã 3 ØÓ Ga �,ßÝ ZnO �¬ S1, S2, S3, S4, S5 éC
b	1u�rÝ8�z�� PL Ì, �ã���1�Cb
	1u�rÝ'��¬�,ßÝ�Cz'X

ã 4 w«
ØÓ Ga �,ßÝ ZnO �¬ (S1—

S5) � O 1s ¸�©¸(J, ¿�Ñ
[Ü�Ú¢
�*ÿÌ� (®��.) �é', ��[Ü�Ú¢
�Ì�ÎÜ�éÐ. ±� �¸�¬��¸È©r
Ý�'���� �¸��érÝ, ��Ù� Ga

�,ßÝ�Cz'X, Xã 5 ¤«. lã 5 ���
 �¸�érÝé Ga �,é¯a, �X Ga �,ß
Ý,p, � �¸�érÝwÍeü����.

é'ã 3 �ãÚã 5 �±uy, ��1u�r
Ý�� �¸�érÝ� Ga �,ßÝ�Czª³
�q, L²�3�½��'5. ã 6 �Ñ
ØÓ Ga

�,ßÝ ZnO �¬¥��1�Cb	1u�rÝ
' Ivis/IUV Ú� �¸�érÝ�m�'X. ��
üöCq¤�5�Cz'X. ù�(Jkå/y²

3 Ga �, ZnO �¬¥��1u�Ì�g�
¬¥��� "�.
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ã 4 ØÓ�¬� O 1s Ì¸9Ù©¸(J (a) S1; (b) S2; (c) S3; (d) S4; (e) S5

�� � �� � � � � � � � � � � � �� � � 	
ã 5 � �¸�érÝ� Ga �,ßÝ�Cz

��� � �� � �� � � � � � � � �� �� 	
� ��
ã 6 ØÓ�,ßÝ�¬���1�Cb	1u�rÝ'
Ó� �¸�érÝ�Cz'X
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� � � �� � � �� � � �� � � �� � � �
� � � � � �� 	 
 �� 

ã 7 ØÓ�¬¥ Zn �f�¬��êþ'Ó�,ßÝ�
'X

n�� ZnO á�¥ Zn � O �zÆOþ'
� 1 : 1. �duá�)���L§¥Ú\��«
"� ('X�� ) ¬»� ZnO ¬����5, ¿
¦ Zn � O �'~ l 1 : 1. ·��¢�(JL²,

Ga �,�k�³��� "���), Ïd�r
¦ Zn:O ��CzÆOþ'. ã 7 �Ñ
|^ XPS

êâ©Û����, ZnO B�(�¥ Zn �f�
¬��êþ�'Ó Ga �,ßÝ�'X. dã 7 �
�, �X Ga �,ßÝ�,p, Zn �f�¬� O �
f�'~Åì�C 1 : 1, L² Ga �,(¢~�

�� "�, l³�
�¬���u1 [33]. é
u S5 �¬, Zn �f�¬��êþ�'Ñ�u 1 : 1,

ù�U� Ga �fÓâ
�Ü© Zn � �k'.

I� � Ñ � ´, ¢ � * 	 � � Ga � , ³

� ZnO B�(�¥�� "�/¤�äN�Ï
�I�(ÜnØ�?�Ú�ïÄ. 3dJÑA«�
U: 1) )�X ZnO B�(��, Zn �íØLp�
���©ØØv, ?3�¬¥�)�þ�� "
� [34],  Ga �Ú\�ü$ Zn �íßÝ, ü$�
� "��/¤AÇ; 2) du Ga äk 3 �d>f,

3±O� Zn  ��ª�\ ZnO �, �/¤' Zn l
f�r��>¥%, äk�r�Ð¼��Uå, l
~��� "���); 3) Ga �fÚlf��
»þÑ�u Zn �fÚlf�», Ïd Ga O� Zn

 �, �/¤ÛÜ�Aå, kÏu��áNÚ�A.

4 ( Ø

� © � � ¿ X ÚïÄ 
 Ø Ó Ga � , ß Ý
é ZnO B�(��/mÚu1A5�K�. u
y�X Ga ��\, B�(��/mlB�ÎÅì
üC¤B�I, Ó�Ù��1u�rÝ9�� "
�ßÝ�wÍeü��ªu��. ·��uy Ga

�, ZnO B�(����1�Cb	1u�rÝ
'ÓÙ� ��érÝ�m�3ér��'5, ?
l#�À�y¢
 ZnO ¥���1u�Ì�5
u�� "�. ·��ïÄ(J�L²$ßÝ
� Ga �,Ò�k�~� ZnO B�(�¥���
 "�, �õÙzÆOþ'¿³�Ù��1u�,

l�ÏL�þ�,N� ZnO B�(��1>A
5Jø
#�yâÚg´.

[1] Ahsanulhaq Q, Umar A, Hahn Y B 2007 Nanotechnology 18
115603

[2] Shen G Z, Chen P C, Ryu K M, Zhou C W 2009 J. Mater. Chem.

19 828

[3] Song J H, Wang X D, Riedo E, Wang Z L 2005 J. Phys. Chem. B

109 9869

[4] Umar A, Karunagaran B, Suh E K, Hahn Y B 2006 Nanotechnol-

ogy 17 4072

[5] Liu J Z, Ahn Y H, Park J Y, Koh K H, Lee S 2009 Nanotechnology

20 5203
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Abstract

Ga-doped ZnO nanostructures with various doping concentrations are prepared by using carbon thermal reduction reaction and in

situ doping method. X-ray diffraction measurement reveals only wurzite structures existing in Ga-doped ZnO nanostructures. Scaning

electron microscopy observations show that with the increase of Ga doping concentration, the morphology of ZnO nanstrucuture varies

gradually from nanorods to nanocones. From the photoluminescence, we find that the visible light emission of ZnO nanostructures can

be suppressed obviously and even disappears with the increase of Ga doping concentration. Moreover, the suppression of visible light

emission is correlated well with the behavior, and X-ray photoelectron spectroscopy measurement reveals that the vacancy oxygen in

ZnO nanostructure decreases drastically with the increase of Ga doping concentration. This result offers a new strong evidence for the

mechanism that the visible light emission of ZnO nanostructures is caused by the oxygen vacancy defects. This work also demonstrates

that a little Ga incorporation into ZnO nanostructures can effectively reduce the oxygen vacancy defects occurring.

Keywords: Ga doping, ZnO nanostructures, photoluminescence, oxygen vacancy
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