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�� ZnO B�(�duäk'L¡È�!¿§eäk�-f(ÜU�A:É�2�'5. �´XÛ¢yB
�(��ì���´8cïÄ���]Ô. ©ÙÏLY9�{, 3Àæ�.þ¢y
 ZnO B��î�)�, ¿��
ÑÄu ZnO B���7á - ��N - 7áb	&ÿì. ÿþ(Jw«ì�3 365 nm ?&ÿì��AÝ�� 5 A/W,
¿����&ÿì3�í¥éb	1ìäk¯���A, Ùþ,�m� 4 s, eü�m� 5 s, ù� ZnO B��¥�
�� áNÚøNY©f�'.

'�c: ZnO B��, Y9�A, þ,�mÚeü�m, Y©f

PACS: 29.40.−n, 78.55.ET, 78.67.Uh, 81.07.Gf

1 Ú ó

ZnO ´�«°B����Ná�, 3b	u1
�4+ [1]!-1�4+ [2]!&ÿì [3] ��¡ä
k��A^cµ. ÓÙ¦á��', ZnO äk´
Lõç�B�(� [4,5], ���� ZnO B�(�
äk'L¡È�!ü¬(��A:, Ïd��B�
(�¤��E#.B�1>ì���Óü�. 3
b	1ì�e, ZnO B���b	1>�OÃ�±
�� 108[6], ù¦� ZnO B��3b	&ÿì��
�¡äkâÑ�`:. �8cK� ZnO b	&ÿ
ì�3���¯KÒ´�A�m��é� [7,8], Jha
� [7] ¤�� ZnO É�(¬N+��A�m3 50 s
±þ, ����A�m7,¬¦&ÿì�A^É�
��. ,	, duB���º���, ��B�(�
ì���OÚ��´��é��]Ô. 8c��B
�ì�Ì�æ^ pick and place ��{, �d«�{
ó²E, [9,10], {N
�5���B�(�&ÿì
�uÐ.

�éù�¯K, �Ø©&¢
 ZnO B���î
�)��{, 3Àæ�.þÏL$§Y9�{��
ÑÄu ZnO B���7á - ��N - 7á (MSM)

(�b	&ÿì [11], ¿uyì�3�í¥b	�
A�þ,�mÚeü�mÑ3 5 s S, ù«¯��
AA5´dB��¥�� ��í¥�Y©f�
p�^�� [12,13].

2 ¢ �

Äkæ^^�í��{3Àæ�.þ)��
� 150 nm þ� ZnO d¬�; Ùgæ^DÚ�1
�ó²Ú lift-off �{3d¬�þ��ÑÎG7>
4, Ó�æ^�{�¡, r ZnO d¬���¤Î
G, (�Xã 1 ¤«. ÎG>4��Ý´ 2.5 mm,
�°´ 5 µm, �må´ 5 µm, ��>4�¡È
´ 1 cm ×1 cm. B���)�æ^Y9{, ��
� 1 mmol/L 8Y�� [Zn(NO3).6H2O] Ú8g
`ÄoR (C6H12N4), Y9�A;3 90 ◦C \9 8 h.

� ¬/m æ ^ F á S4800 | u � × £ >
º (FESEM) *ÿ, 1�u1 (PL) ÿþæ^ He-Cd
-1ì (325 nm) �-u. ì�� I-V A5Úþ,
�mÚeü�mæ^ Keithley 2611 >¤ÿÁ. ¤
kÿÁÑ3¿§e?1.

* I[:Ä:ïÄuÐOy (1OÒ: 2011CB302006) ]Ï��K.

† E-mail: dxzhao2000@yahoo.com.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

052901-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 5 (2012) 052901

ã 1 (a) 1�ó²�L§; (b) ì�«¿ã

3 (JÚ?Ø

ã 2 ´ØÓ)��m�¬� SEM ã¡, �X
Y9{)��m�O\>4�m�B���3Å
ì��. Y9�{)� 8 h �, B���±ë�3
�å. lã 3 ¤«�1�u11Ì¥, �±wÑ
²L 8 h )��B��3 380 nm ?k���r

�b	u1¸, u1¸��p°�k 21 nm, �
�1« 500 nm �m��3���f�u1¸. Ï
~@�, b	u1´� ZnO �>-f�Ë�EÜ
�' [14], ��«u1L²Y9��� ZnO �
3�½��� �"� [15,16]. ß�>º (TEM)
ã � ` ² Y 9 � � � ZnO B � � � 3 �

"�.

ã 2 ØÓ��A�m¥ ZnO B���>ºã (a) �A 4 h; (b) �A 8 h

ã 3 (a) )�� ZnO B���¿§e PL Ì; (b) )� ZnO B��� TEM ã
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ã 4 �Ñ
 ZnO B�� MSM ì�3çVÚ
b	1ì (365 nm �þ�) e� I-V �. lã¥�
±wÑ>4�B���m´ Ohm �>, ¿U
í
�Ñ1ì^�eì��>{´ 2.03 ×104 Ω, 3ç
V�^�eì��>{´ 1.58 ×106 Ω, çVÚ1ì
�^�e>{��'3 102 þ?. ¿�3 20 V �,
1OÃ���� 100 �. �âúª, R = qηλg/hc,
Ù¥ R ��AÝ (A/W), g �1OÃ, λ �1�Å
� (nm), h � Planck ~ê (J/s), c �13ý�¥��
Ý (m/s), η �þf�Ç, q �>f>Ö (C). Ïd�p
�1>�OÃ7,¬������AÝ [17], 3¢
�¥ÿ�3 365 nm ��AÝ��� 5 A/W.

ã 4 ì�©O3çVÚ 365 nm 1ì�¹e� I-V ã

ã 5(a) w«
3b	� (365 nm) m'��
¹eì�>6��m�Cz�¹, ã 5(b) w«

3 0—12 s S>6� ln ã��m t �'X, �\>
Ø� 20 V. 3b	��m��ÿ, 1>6:ìO\,
O\ÌÝ��´V>6� 100 �, >6�þ,�m
��� 4 s, �¯�þ,�m´�1ì¯��)�þ
>fÚ�Ç�'; b	�'4�, 1>6�eü�
m��� 5 s. Ï~�íáNE¤�P~Ñ3 50 s ±
þ [7], Ïd¢�¿����¯�eü�m´É��
í¥�Y�í©f�K� [18]. ��¡, Y�í©f
�Ó�Ó¼ ZnO ¥�>fÚ�Ç [13], �í©f
�UÓ¼>f, Ïd31ìÊ�� ZnO B��þ�
Y©fÐ¼�>fÚ�ÇEÜ�¯/~� ZnO
�>�Ç; ,��¡, Y�í©f�'�©f�N
´ÏLzÆáN� ZnO ¥��� (Ü¦ ZnO
¥�gd16f~� (Y©f��� �I�ÏL
���ÒU(Ü3�å, �í©fI�ü���
�(Ü)[18]. 3Á�¥, ÏL PL ãÚ TEM ã®²
uy3 ZnO B��¥k�½��� "�, ù

"�¬Jp ZnO B����� �Y�í©f(

Ü�VÇ. �'4b	��, 3�¯� a P~L§,
�âúª I1(t) = I0 exp

(
− t

τa

)
, Ù¥ I0(t = 0) =

1.4×10−4 A, l ln ã¥�±wÑeü�m τa ≈ 1 s,
ù´du ZnO ¥�þ�>fÚ�Ç�(Ü¦>
6×�C���, 31��P~L§ b ¥, �â
úª I2(t) = I1(t)(t ≈ 1s) exp

(
− t

τb

)
, l ln ã¥

�±wÑ τb ≈ 3.5 s, ù´du ZnO L¡��� 
áN�Y©f¥>fÚ�Ç¯�(Ü��>�
ÇC����, ù�L§���¯u O2 �áN¤
E¤�K�. Xd¯���A�m�±���¯�
DaìJø
�U.

ã 5 (a) 365 nm �m�1ìe, 1>6�Cz�¹; (b)
0—12 s S>6� ln ã��m t �'X

4 ( Ø

� © æ ^ $ § (90 ◦C) Y 9 ) � � { ¢ y

 ZnO B���î�)�, ¿?��Ñ ZnO
B��7á - ��N - 7á MSM (�b	&ÿì.
duäk�p�1>�OÃ, ZnO B��b	&ÿ
ì3 365 nm ?w«Ñ����AÝ, ¿�ïÄu
y&ÿì��A�mÑ3 10 s ±S, Xd¯��
A�m´� ZnO B��áNÚøN�í¥�Y©
f�'.

052901-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 5 (2012) 052901

[1] Sun H, Zhang Q F, Wu J L 2007 Acta Phys. Sin. 56 3479 (in
Chinese) [�z, Ül¹, Ç<X 2007 ÔnÆ� 56 3479]

[2] Liu R B, Zou B S 2011 Chin. Phys. B 20 047104
[3] Das S N, Moon K J, Kar J P, Choi J H, Xiong J J 2010 Appl. Phys.

Lett. 97 022103
[4] Lee C H, Kim Y J, Lee J, Hong Y J, Jeon J M, Kim M, Hong S, Yi

G C 2011 Nanotechnology 22 055205
[5] Jang E S, Won J H, Kim Y W, Chen X Y, Choy J H 2010 Cryst.

Eng. Comm. 12 3467
[6] Soci C, Zhang A, Xiang B, Dayeh S A, Aplin D P R, Park J, Bao

X Y, Lo Y H, Wang D 2007 Nano Lett. 7 1003
[7] Jha S K, Liu C P, Chen Z H, Chen K J, Bello I, Zapien J A, Zhang

W J, Lee S T 2010 J. Phys. Chem. C 114 7999
[8] Bera A, Basak D 2009 Appl. Mater. 1 2006
[9] Zhou J, Gu Y, Hu Y, Mai W, Yeh P, Bao G, Sood A K, Polla D L,

Wang Z L 2009 Appl. Phys. Lett. 94 191103
[10] Liu N S, Fang G J 2010 J. Phys. Chem. C 114 8575

[11] Zhou J, Gu Y, Hu Y, Mai W, Yeh P H, Bao G, Sood A K, Polla D
J, Wang Z L 2009 Appl. Phys. Lett. 94 191103

[12] Ahn S E, Lee J S, Kim H, Kim S, Kang B H, Kim K H, Kim G T
2004 Appl. Phys. Lett. 84 5022

[13] Li Y, Valle F D, Simonnet M, Yamada I, Delaunay J J 2009 Appl.
Phys. Lett. 94 023110

[14] Wu C X, Zhou M, Feng C C, Yuan R, Li G, Ma W W, Cai L 2008
Acta Phys. Sin. 57 3887 (in Chinese) [ÇS_, ±², ¾§§, �
d, of, ê��, é= 2008 ÔnÆ� 57 3887]

[15] Chen K J, Hung F Y, Chang S J, Young S J 2009 J. Alloys and
Compounds 479 674

[16] Fang F, Zhao D X, Li B H, Zhang Z Z, Shen D Z, Wang X H 2010
J. Phys. Chem. C 114 12477

[17] Liu K W, Ma J G, Zhang J Y, Lu Y M, Jiang D Y, Li B H, Zhao
D X, Zhang Z Z, Yao B, Shen D Z 2007 Solid-State Electronics 51
757

[18] Law J B K, Thong J T L 2006 Appl. Phys. Lett. 88 133114

Fabrication and fast photoresponse properties of ZnO
nanowires photodetectors∗

Song Zhi-Ming1)2) Zhao Dong-Xu1)† Guo Zhen1) Li Bin-Hui1)

Zhang Zhen-Zhong1) Shen De-Zhen1)

1) ( Key Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,

Changchun 130033, China )

2) ( Graduate University of Chinese Academy of Sciences, Beijing 100049, China )

( Received 17 June 2011; revised manuscript received 1 July 2011 )

Abstract
One-dimensional ZnO nanostructure is especially attractive because of its unique properties such as high surface-to-volume ratio

and a large exciton binding energy, but how to put it into a device is still a challenge. In this article, we show that a novel lateral metal-
semiconductor-metal ultraviolet detector composed of ZnO nanowires is fabricated on glass substrate by a single-step hydrothermal
approach. The fabricated photodetector demonstrates that the response to UV illumination in air is fast, the rise time is about 4 s, and
the fall time is about 5 s, which could be attributed to the fact that the adsorption and the desorption of water molecules in the air onto
oxygen vacancy of the nanowire significantly influence the photoresponse.

Keywords: ZnO nanowires, hydrothermal reaction, the rise time and fall time, water molecules

PACS: 2940.−n, 78.55.ET, 78.67.Uh, 81.07.Gf

* Project supported by the National Basic Research Program of China (Grant No. 2011CB302006).

† E-mail: dxzhao2000@yahoo.com.cn

052901-4


