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^zÆí��È{Ü¤
p�Ý� In, Al ��, ZnO B�G, ^Ü¤Ñ�B�G|C¤
1>&ÿì. B�G
�8�n ¶(�, ²þ�Ý��� 5 µm. ïÄ
1>��Å�±91>&ÿì�1>A5, �)3V�¸9b	
ì�e�ÏSA5!1>�AÇÚ1>�A�m. (JL², ì��3SÜOÃÅ�, 1�A�m�u 0.5 s, P~�
m�� 23 s, �^u1>&ÿ.

'�c: In, Al ��, ZnO, B�G, 1>&ÿì�, zÆí��È{

PACS: 72.40.+w, 73.50.pz, 77.55.hf

1 Ú ó

ZnO 3¿§eäk���B�° (3.37 eV) Ú
p�-fåPU (60 meV)[1,2], ��ß²��NØ
>á��2�^u��U>³!>4ÚDaì�
+� [3], Ó��´�Eb	u1�4+½-1�4
+�`ûá� [4]. �X ZnO B�á�Ü¤EâÚ
ì�ó²�U?, ®²kéõp5U� ZnO B�1
>&ÿì��'�� [5].

du�� ZnO �16fßÝ�$, �>5U
��, ØUéÐ÷v¢SI¦, ~ÏL�,A½�
,�5��16f�ßÝÚ�>a. [6]. ~X,

3 ZnO ¥�, Al, Ga, In, Sn, Ge, �,� ZnO �
��Ýþ�$U��£Ä, �,� Fermi U??
\��, ��.k�þ�>f�3, �±Jp�>
Ç [7−11]. ·�ÏLÀJ In Ú Al ��5O\16
fßÝÚN�U��Y, ±B|C¤ØÓ��Å�
�b	&ÿì [12]. ,	, é��B�á�?1�
,�±K�¬N�¬¡�L¡U, l
UC��B
�á��`k)���,/¤ØÓ/m���B�
á�, ~XB�ä�!B�I!B�©!B�+
� [13−15]. é�� ZnO B�á���'ïÄÌ�
8¥3 In �,é�� ZnO B�á��)�!1

Æ5�!>Æ5��K�þ, 
du Al ��ÌU
?' In ��ÌU?f [16], In, Al ��, ZnO �L
¡��Ý�pu Al �,� ZnO, In, Al ��,�
� ZnO B�á��·Ü�1>&ÿì. 8c In, Al

��,�1>ì�ÿ����. �©æ^zÆí�
�È{Ü¤ In, Al ��, ZnO B�á�, ¿Ägï
Ä In, Al ��, ZnO B�G1>&ÿì�1>�
Å�Ú�X��1>A5.

2 ¢�L§

In, Al ��, ZnO B�GÏLzÆí��
È { Ü ¤. · � æ ^ � k SiO2 � � � Si ¡
� � � ., ^^æ � � { 3 � . þ^æ ß Ý
� 0.1 mol/L � Zn(CH3COO)2·2H2O M� 30 s, Ù
=�� 3000 r/min. ,�ò^æL��.3�í
¥ 300 ◦C ò» 5 min. ù�L§­E 5 g�, ò Si

¡�.3�í¥ 500 ◦C ò» 1 h, ��^uí�
� È � � B � G � � .. r � þ © O � 0.5 g,

0.1 g Ú 0.05 g � ZnO, ü� Al Ú InN �·Ü®
"��f�°��à. f�°Y²�\p§+
ª¬S, ¿¦®"�up§«. §Ýd¿§þ,
� 1000 ◦C, �± 3 min. UY,§� 1300 ◦C, ¿�
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± 30 min, ��L§¥¬SØr�±3 500 Pa. ±
XÝ� 99.99%��í��1í, 6þ� 100 sccm

(1 sccm = 1 mL/min). ��¦p§¬g,ü�¿
§¼��¬. �¬�/m9(�A�ÏL×£
>º (FE-SEM, S-4800, Hitachi), X ��UÌ&ÿ
ì (EDX), Ú X ��û�¤ (XRD, RU-300 Rigaku

Cu Kα) ?1L�.

æ^ù�{Û>4|C1>&ÿì, ã 1 �
| C 1 > & ÿ ì � « ¿ ã. ± Au � > 4 ¿/
¤ Schottky �>. Ù¥Û3�¬þ���>4�
ål� 200 µm, ����Ý� 4 mm, °� 300 µm.

ïÄì��1>A5!>Æêâd��NÿÁ
¤ (Agilent, B1500A) ÿÑ, ^Å�� 325 nm �±
6-1ì��-u1
.
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ã 1 In, Al ��, ZnO B�G1>&ÿì|C�n

3 (J�?Ø

ã 2 ´Ü¤�¬�×£>ºã¡, lã¥�±
é�ß/w�3�.L¡)��p�ÝGG(�,

²þ�Ý�� 5 µm. ã 2 ��ãÐ«�´���
×£>ºã�, �±��ß/w��¬�GG(�
d�
��B�¡b3�å�¤. z�B�¡�m
vk�Y, b�é;�, /¤B�G(��z��
�B�¡�º�¿Øþ�.

ã 3 ´Ü¤�¬� XRD û�ã�. �~²w
/wÑ, �k�@;.� ZnO 8�n ¶(��
û�¸ (PCPDF 05—0664), ¿vk Al2O3 ½ In2O3

�û�¸, ù`²Ü¤Ñ� In, Al ��,� ZnO

´8�n ¶(�. ã 3 �ã´B�G� EDX U
Ìã�. l EDX UÌþ©Û, Ü¤�ù
B�G
´d Zn, O, Al Ú In ��|¤, ¿�§���fz
©'¹þ©O� 38.38%, 57.57%, 1.44%Ú 2.61%.

é EDX Ú XRD Ìã�©Û, L² In Ú Al ®²¤
õ/�,? ZnO ¬�.
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ã 3 In, Al ��, ZnO B�G XRD ã� �ã� In, Al �
�, ZnO B�G EDX ã�

ã 4 1>&ÿì©O3V�¸Úb	-u^�e�ÏSA
5­�

ã 4 ´|C�1>&ÿì3V�¸Úb	1
ì�^�eÿ��ÏSA5­�. lã¥�±wÑ
�X>Ø�,p, V>6Ú1>6¿Ø´¤�5
O\, ùL²|¤ì����Ná��>4�m
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/¤
 Schottky �>. �>Ø� 5 V �, uyì�
�V>6�k 484 nA, 
31ì^�e>6O\
� 4.01 µA, O\C��êþ?, L²|C�ì��
±^u1>&ÿ.

¯¤±�, B�á��'L¡È!L¡��
Ð¼Uå!116f�Æ·Ú16f�Ñ$ÑK
�Xì��1>�5U [17]. ã 5(a) �B�G1>
&ÿì�1>��nã. 3V�¸e, Xã 5(b) ¤
«, N .�zÔ��N (B�G) �gd>f��
©f¤Ó¼¿áN3B�G�L¡/¤$�>5
�Ñ¦� [O2(g) + e− →O−

2 (ad)], ���í�áN
L§. 31ì�^�e, Xã 5(c) ¤«, �1fU
þ�uB�°Ý�, 3B�G�SÜ�)>f�Ç
é [hν → e−+ h+]. �Ç÷XU��­��·[£
�B�G�L¡���©fáN�>fNÜ, l

º�Ñ O2, �Ò´Ï~¤`��í)áNL§. 3
e�Ø¤é�>f�Ü©ë��>, ,�Ü©��
)��Ç2­|. �dÓ��í©f3L¡��­
áN [18]. {
ó�, duB�GL¡�3p�Ý�
�ÇÐ¼�, �1fUþ�u��NB�°Ý�,

>f�Çé�), 
�)��Ç3L¡éN´�Ð
¼, 3eØ¤é�>fl
Jp
�>5. B�G
L¡�3�ù«p�Ý�Ð¼�´du|¤á�
lf�m�]�����. 2ö, duB�G�(
�AÏ, 3B�G�SÜ�U�3�X��.¡,

é16f�Ñ$k�½�K�, l
K�
ì��
1>5U.
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ã 5 (a) B�G1>&ÿì�1>��nã, �1U�uB�
U Eg �, >f�Çé�)���>5Or; (b) B�G3çV
�¸e�U��nãÚL¡�Ð¼�; (c) b	-u¦�Ç[
£�B�GL¡¿�Ó¼, 3eØ¤é�>f?1�>

�
?�ÚïÄ¤��ì��1>5U, ·�
éì���AÇ�b	ì��1õÇ9ì�>Ø
�Cz?1
ÿÁ, �ã 6. Ù¥�AÇ�zü 
1õÇ�)�1>6, 3�$1õÇe, 1>6¥
�5O\, �X1õÇ�O\, �Î¥�5O\. ù
`²1�)k�16f��Ç�áÂ�1fÏþ
¤'~. In, Al ��, ZnO ì���AÇÎÜ'X
ª Ipc ∝ P k[19]. Ù¥ Ipc �1>6, P �1õÇ, k

�[Ü~ê, ²[Ü k = 0.12. �
ïÄB�G�
3SÜOÃÅ���U, é�AÇ�>Ø�Cz?
1
ÿþ. d�ã�±wÑ, 1�A�­��X>
Ø�,pk�Ú�ª³, ¤±íäÑ�AÇ¿Ø�
6>Ø, ù«ª³L²B�G�3XSÜOÃÅ�,

~X�ÇÐ¼� [20].

ã 6 In, Al ��, ZnO B�G�1>6�-1ÑÑõÇ�
'Xã �ã´�X>Ø�,p�AÇ�Cz­�

ã 7 In, Al ��, ZnO B�G1>&ÿì�1�A�m

éu1>&ÿì, ,��­��ëê��A�
m. ã 7 L«�´ In, Al ��, ZnO 1>&ÿì�
1�A>6��m�'X. lã¥�±w�, 3>
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Ø� 5 V �V>6Øv 700 nA. 1ì^�e>6×
�O�� 4.05 µA. ·�½Â>6�A�m Tr �>
6þ, 63%, =: (Imax − Idark)(1 − e−1) ¤I��
�m. ½Â>6�Pò�m Td ���1
�1>
6eü 37%, =: (Imax − Idark)e−1 ¤I���m.

�Ñ1>6��A�m�u 0.5 s, Pò�m��
� 23 s; 1>6Pò�Ð©G���I� 5 min. 1
>6�ú�Pò�A8Ïu3 In, Al ��,B�G
�L¡þ, �©f�ú�áN�ÝÚÓâ ZnO ¥�

� �Y©f�é�ú�*Ñ [21].

4 ( Ø

^zÆí��È{3 Si �.þ)�
p�Ý
� In, Al ¾��, ZnO B�G, ¿|C¤1>&ÿ
ì. ïÄ
B�GL¡Ð¼�Ú16f�Ñ$é&
ÿì�1>5U�K�. (JL²&ÿì�3SÜ
OÃÅ�, 1�A�m�u 0.5 s.
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Abstract

High-density In-Al codoped ZnO (In, Al, ZnO) nanobunches are synthesized by using chemical vapor deposition method, which

can be used to fabricate In, Al, ZnO nanobunches photodetectors. The ZnO nanobunches each have a hexagonal wurtzite structure.

It is found that the average length of the nanobunches is ∼ 5 µm. The photoconduction mechanism and a series of photoelectric

characteristics are studied including I-V characteristic measured in dark and UV illumination, responsivity and response time. The

results indicate the presence of an internal gain mechanism. The response time is less than 0.5 s and decay time is about 23 s, so the

fabricated device can indeed be used for light detection.

Keywords: In-Al codoped ZnO, nanobunches, photodetector, chemical vapor deposition
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