
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 188101

¯̄̄���999???nnn���������CCC���zzz���������999ÙÙÙAAA555ïïïÄÄÄ*

ÉR† �² �^� ½�� p! ùU,

( U9�Æ>f&Eó§Æ�, U9 300072 )

( 2012 c 2 � 16 FÂ�; 2012 c 3 � 8 FÂ�?Uv )

æ^�6éq^�í�3 Si〈100〉 Ä.þ�È7á V ��, ,�©O3X�í�¸ÚX�í�¸e?1¯
�9?n��äk7á - ��N�CA5��z� (VOX ) ��, 9?n^�©O�X�í�¸e 430 ◦C/40 s,

450 ◦C/40 s, 470 ◦C/40 s, 450 ◦C/30 s, 450 ◦C/50 s, X�í�¸e 500 ◦C/15 s. ^ X ��û�¤!X ��1>fU
Ì!�fåw�ºÚ×£>fw�ºé���(¬(�!��d�Ú|©±9�*/m?1©Û. |^o&�
��>{ÿþ�{Ú THz ��ªÌEâ©Û���>ÆA5Ú1ÆA5. (JL²: 7á V ��²LX�í�
¸ 450 ◦C/40 s ¯�9?n�/¤
äk$�CA5� VOX ��, ,§c����¬>{CzÌÝ��ü�êþ
?, THz ß�rÝCzÌÝ��. �
Jp����CA5, é��� VOX ��æ^X�í�¸ 500 ◦C/15 s ¯�
9?n, ����CA5k
²wJ,, �Cc��¬>{Cz�� 3 �êþ?, THz ß�rÝCz�� 56.33%.

'�c: ¯�9?n, ^�í�, �z���, �CA5

PACS: 81.40.Gh, 81.05.Hd, 81.40.Rs, 81.40Tv

1 Ú ó

19 V 60 c�, �Æ[ Morin 3��¢�¿
uy�z���CA5 [1], ld�5�õ�<m
©'5¿ïÄ�z�. �äk 20 õ«��zÔ,

13 «ØÓ��, ± V+3, V+4, V+5 �Ì, Ù¥ VO2

3 68 ◦C u)7á - ��N�C, l$§��ü�
7ù�(�C�p§��o�7ù�(� [2], 3
¤k�zÔ¥�C§Ý��C¿§, du V+4 4
Ø½, ����ü� VO2 ��'�(J, ÏdÌ
�±Jp�z���¥ VO2 �¹þ5Jp���
5U. �z����Cc�>ÆÚ1Æ5U�ì�
Cz¦�§2��A^u�UI [3]!�ÿË�9
O [4]!�C�;ì [5] Ú1Æm' [6] �+�.

�z�����CA5û½u���(¬G
¹!zÆ|©±9�*/m, ù
Ï�é����
CA5ké��K�, ,(¬G¹!zÆ|©±

9�*/m�ØÓ�ûu����ó²�ØÓ, Ï
dÀJÜ·���ó²Ø=�±Jp����C
A5, ��±ü$¤�, Jp�Ç. 8cIS	�
��z����{Ì�k: �u{ [7]!�Aí�
{ [8]!óÀ-1�È{ [9]!M� - v�{ [10] �.

Ù¥�Aí�{´ó�A^cµ�2���{ [11],

��±XÝ�p�7á��qá, ^ Ar-O2 �lf
Ní����z���, �Y²Lý5íN¥�9
?n5Uõ��¥ VO2 �(¬G¹!zÆ¤©±
9�â�*/m [12], ?Jp����CA5. d
u���� VO2 I�Ä [13], ��L§¥I�°(
���íÚ�í�'~, §��K�¤����
�zÆ|© [11,14], Ïd��ó²'�E,. �©
ïÄ
�«#��{, Äk|^í�{����
7á V ��, ,�|^¯�9?n��{, ©O3
X�íÚX�í�¸e?1¯�9?n, Uõ
�
�¥ VO2 �(¬G¹!zÆ¤©±9�â�*/
m, ?Jp
����CA5. z�9?nL§
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=æ^ü�íN, ��ó²�é{ü, 3dÄ:þ,

?�ÚïÄ
¤����z����>Æ�CA
5!(¬G¹!zÆ|©!�*/m±91Æ�
CA5.

2 ¢ �

2.1 777ááá������������������

Ä¡À^ 〈100〉 ¬�ü¬��7¡, ò7¡�
�¤ 10 mm × 20 mm ���¡, æ^IO�Wó
²é�¡?1�W, óZ��\ DPS- 0.�pý
�éq^�í�Û�ÅÄ¡eþ, Ä¡e��÷
¶^=��8>/ÎN, ���8�Ä¡, Ä¡�
üq¥%�ål� 57 mm, qá� 99.96%7á�
q, éqmå 60 mm. í�còý�¿��Ný�
Ä� 2.3 × 10−4 Pa, ó�íN� Ar í, ó�Ør
� 2 Pa. Äk?1ýí�±�ØqáL¡�ÀÔ,

,�3Ä¡þ�È 10 min �7á V ��, í�õ
Ç� 165 W.

2.2 ���zzz������������///¤¤¤

ò��Ð�7á V ���¬3X�í�¸e
?1¯�9?n, Ù^�� 430 ◦C/40 s, 450 ◦C/40 s,

470 ◦C/40 s, 450 ◦C/30 s, 450 ◦C/50 s, �
Jp�
���CA5, �Y·�æ^X�í�oe�¯�
9?n, Ù^�� 500 ◦C/15 s[15]. 9?n���{
I Allwin21 úi)�� AG610 ��, æ^põÇ
®��+\9,§, ü§æ^YeÚØ �íÓ�
?1. ¢�¥¯�9?n�,§�Çþ� 50 ◦C/s,

,§Úü§íN6þþ� 10 slpm, �§íN6þ
þ� 3 slpm.

2.3 555UUUÿÿÿÁÁÁ

é¤����z���?15UL�, ���
>ÆA5æ^ RTS-8 .o&�(Ü°Ý� 0.1 ◦C

�§�\9ì5ÿþ; |^ Rigaku D/max 2500v/pc

. X ��û� (XRD) ¤©Û���(¬G¹, -u
æ^Ôq (Cu Kα = 0.15406 nm); |^ PHI-1600

. X ��1>fUÌ (XPS) é��¥��d�Ú
|©?1©ÛÚÿþ; |^ Nanosurf easyScan 2 .
�fåw�º (AFM) Ú Hitachi S-4800 .×£>f

w�º (SEM) *	����*/m; 1ÆA5æ
^IO� 8-fTHz ��ªÌXÚ (THz-TDS) (Ü§
�\9ì5ÿþ, TXÚ´±v���¦-1ì�
Ä$, ó° 50 fs, ó�¥%Å� 800 nm, ²þõ
Ç 520 mW, k�ªÌ��� 0.3—2.5 THz.

3 ¢�(J�?Ø

3.1 ���������>>>ÆÆÆAAA555ïïïÄÄÄ

|^o&�{ÿþ¤k�¬�>{ - §ÝA
5, XL 1 ¤«. l 20 ◦C ,§� 80 ◦C L§¥, ¤
k�¬�>{þÑyK§ÝA5, 3L¥·�'�

X�í�¸e, �Ó�z�mØÓ�z§Ý±9
�Ó�z§ÝØÓ�z�m�¯�9?n^�¤
�����>ÆA5, �±wÑ, ¯��z9?n
^�� 450 ◦C/40 s ������¬>{CzÌÝ
��, ,§c��¬>{CzÌÝ�Cü�êþ?.

éÙ�Y?1
X�í�¸e�¯�9?n�, ,
§c��¬>{�CzÌÝ�Cn�êþ?, �C
A5��éÐ�J,. �
Bu�Y�'�, ·�
IP�9?n�7á V ��� S0; ²LX�í�
¸e 450 ◦C/40 s ¯�9?n������ S1; �
Y S1 ²LX�í�¸e 500 ◦C/15 s ¯�9?n�
����� S2.

ã 1(a) �Ñ
�¬ S1 Ú S2 �>{ - §Ý
�, �±wÑ²LX�í�¸e 450 ◦C/40 s ¯�
9?n� (S1), �C�/¤
éÐ�9¢£�,

L²��äk
�CA5. S1 ²LX�í�¸
e 500 ◦C/15 s ¯�9?n� (S2), ���>{�
Nü$, Ó�9¢£��CzÌÝO\, `²�
���CA5��Or, w«��äk
éÐ�
9��CA5. S2 ��,§L§¥, 42 ◦C c, �
��¯>{eü'��ú, l 72.5 kΩ/¤(20 ◦C)

ü� 15.4 kΩ/¤ (42 ◦C); 3 42 ◦C—52 ◦C, ���
�¬>{m©×�eü, l 15.4 kΩ/¤(42 ◦C) ü
� 0.2 kΩ/¤ (52 ◦C), ����CA5Ly3ù
��ã; 52 ◦C �, ����¬>{eüL§ªu
²�, l 0.2 kΩ/¤ (52 ◦C) ü� 80.0 Ω/¤(80 ◦C).

�
'�° (/
)����Cë ê, ·�æ
^
� Brassard � [16] �aq��{, Xã 1(b)

¤«. ã¥ d(lg(R))/dt ��:�{�Cz���
:, =�C§Ý Tc, ���p° (full width at
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half maximum, FWHM) L « � C ± Y � § Ý °
Ý ∆T , ,§���C§Ý�ü§���C§Ý
���9¢°Ý. lã¥�±wÑ, S1 �¬,§
�����C§Ý� 56 ◦C, �C°Ý 9 ◦C, ü§
���C§Ý� 42 ◦C, �C°Ý 10 ◦C, ���

9¢°Ý� 14 ◦C; S2 �¬,§�����C§
Ý� 48 ◦C, �C°Ý 10 ◦C, ü§���C§Ý
� 39 ◦C, �C°Ý 11 ◦C, ���9¢°Ý� 9 ◦C.

²L�Y?n�����C§Ýü$, 9¢°Ý
CÄ.

L 1 �¬�>ÆA5

9?n^� ���{ R1 ���{ R2 R1/R2

(20 ◦C) (80 ◦C)

ØÓ 430 ◦C/40 s 200.1 Ω/¤ 172.3 Ω/¤ 1.1

§Ý 450 ◦C/40 s (S1) 251.8 kΩ/¤ 3.7 kΩ/¤ 68.0

X�í�¸e 470 ◦C/40 s 354.5 kΩ/¤ 22.1 kΩ/¤ 16.0

¯�9?n ØÓ 450 ◦C/30 s 515.1 Ω/¤ 345.0 Ω/¤ 1.4

�m 450 ◦C/40 s (S1) 251.8 kΩ/¤ 3.7 kΩ/¤ 68.0

450 ◦C/50 s 183.3 kΩ/¤ 5.6 kΩ/¤ 32.7

�YX�í�¸e 500 ◦C/15 s (S2) 72.5 kΩ/¤ 80.0 Ω/¤ 906.2

¯�9?n

ã 1 �¬ S1 Ú S2 �>{ - §Ý�Ú�CA5 (a) �¬ S1 Ú S2 �>{ - §Ý�; (b) �¬ S1 Ú S2 ��CA5
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3.2 ������(((¬¬¬GGG¹¹¹©©©ÛÛÛ

|^ XRD ¤é�¬?1ÿÁ, Xã 2 ¤«.
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ã 2 �¬ XRD û�ãÌ

lã¥�±wÑ, �9?n�7á V �� (S0)

3 2θ = 42.14◦ ?Ñyû�¸, dIO XRD êâ
k¡éì��, d?�û�¸� V(110). ²LX�
í�¸e 450 ◦C/40 s ¯�9?n� (S1), V(110)

û�¸��, 3 2θ = 27.89◦, 37.13◦ Ú 64.96◦ ?
þÑy
ü�7ù�(�� VO2(011), VO2(200)

Ú VO2(013) û�¸, `²²L�z����(¬
5UûÐ, ���¤©u)
Cz, )¤��z�
��¥®²¹k VO2 ¤©. ·�ò S1 ��²LX
�í�¸e 500 ◦C/15 s ¯�9?n� (S2), ���
(¬(�Ã²wCz, � VO2 �û�¸�²wO
r, `²²L�Y9?n����(¬G¹��é
Ð�Jp.

3.3 ���������¤¤¤©©©©©©ÛÛÛ

�
?�Ú
)���CA5��É, ·�
|^ XPS é��?1¤©©Û, Xã 3 ¤«. V

�fdug^�^©�Ñ� V(2p3/2) >f�U
�NÑ V �d�&E. lã 3(a) �±wÑ, ²L
X � í � ¸ e 450 ◦C/40 s ¯ � 9 ? n � (S1),

V(2p3/2) ¸¥%?�>f(ÜU� 516.75 eV, 0
u V+4 (515.8 eV) Ú V+5 (517.2 eV)[17] �m, ��
Cu V+5, `²²L¯�9�z�, ��± V2O5

�Ì. S1 ²LX�í�¸e 500 ◦C/15 s ¯�9
? n � (S2), V(2p3/2) ¸ ¥ % ? � > f ( Ü U
C � 515.73 eV, � V+4 � > f ( Ü U é � C,

`²²Lò»�, ���¤©u)
é�Cz,

± VO2 �Ì. �
?�Ú�(½��|©�¹þ,

é V(2p3/2) ¸?1 Voigt-lines [Ü, Xã 3(b) ¤
«. S1 �¬¥¸�� 516.77 eV ��� V+5,

¤ Ó ' ~ � 70.01%, ¸ � � 515.59 eV �  �
� V+4, ¤Ó'~� 25.68%, ¸�� 514.30 eV �
�� V+3, ¤Ó'~� 4.31%. ²L�Y9?
n�, S2 �¬ V+5 ¤Ó'~� 24.31%, V+4 ¤
Ó ' ~ � 63.34%, V+3 ¤ Ó ' ~ � 12.35%. �
�¥ V �d����, ��
± VO2 �Ì�·
Ü�z���, VO2 ¹þ�J,¦ �����
CA5�� 4��Uõ, �CÌÝ�� 
é�
�J,.

3.4 ������������***///mmm

|^ AFM Ú SEM ©Oé�¬L¡Úî�¡
��*/m?1ÿÁ, Xã 4 ¤«. �²9?n
�7á V �� (S0) L¡²�, �â©Ùþ!, º
��~�, þ3 50 nm ±e, �¬L¡o÷Ý=
� 683.25 pm, du�âé�, �±wÑ���î
�¡�~²�²LX�í�¸e 450 ◦C/40 s ¯
�9?n� (S1), ��L¡ÚSÜu)
ì�C
z, ��f�?\Ú§Ý�×�,p, ¦���â
�pv(��, ��AzB�, Ó��âmmY�
�, L¡o÷Ý�� 32.92 nm, � S0 O\
 50 õ
�. S1 ²LX�í�¸e 500 ◦C/15 s ¯�9?n
� (S2), ��â�mÑy
Nõ��â, L¡o÷
Ýü$� 25.54 nm, `²�âÑy2(¬y�, �
Ñ� XRD ãÌ`²���(¬ÝOr.

3.5 ���������111ÆÆÆAAA555ïïïÄÄÄ

é�¬?1ØÓ§Ýe THz ß�A5ïÄ,

Xã 5 ¤«. ã 5(a) �é�¬�\�� THz óÀ
Å/�, ØÓ§Ýeß�� THz ��Å/, �±w
Ñ S2 �¬� THz ß�rÝ�§Ýu)
²w�C
z,  S1 �¬CzØ²w. ù´Ï� S1 �¬�>
{�p, �,,§����>{eü
ü�êþ?,

�E3 kΩ/¤ þ?, ¦�16fßÝ�$, é1f
���Ç$, CzÌÝ�, ²L�Y9?n�, ��
�>{ü� Ω/¤ þ?, ¦�16fßÝ×�Jp,

THz ß�rÝu)²w�Cz.
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� � � � � � � � � � � � � � �� � �
� � � � � � � � 	 � � 
 � � �� � � � � � � � � � � 	 � � 
 � � �� � �

� �  � � � � � � � � � � � � � � � � � �� �� � � � � � � � �� � � � �� � �� � �� �
� � �

� � �
ã 3 �¬ S1 Ú S2 � XPS Ìã9Ù[Ü� (a) �¬ S1 Ú S2 � XPS Ìã; (b) �¬ S1 Ú S2 � XPS ¸[Ü�

ã 4 �¬L¡Úî�¡�*/m (a) �¬L¡n� AFM ã�; (b) �¬î�¡ SEM ã�
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·�À�ã 5(a) ¥ß� THz óÀÅ/�¸�
��ë�:, ÿþ
 S2 �¬ØÓ§Ýe�ê�, ,
§c� THz �ß�rÝCzÇ�� 56. 33%. �

�*/`²ß�rÝ�§Ý�Cz, ·��Ñ
¸
�� - §Ý�, Xã 5(b). lã¥�±wÑ, ,§
L§¥, 3 50 ◦C �c, THz �ß�rÝÃ²wC
z, 50 ◦C—65 ◦C, THz �ß�rÝ�X§Ý,p×
�eü, 65 ◦C �, THz ß�rÝ�X§Ý,p�ú
eü. THz ß�rÝ�§ÝCzÌ�´Ï� VOX

��S16fßÝ�§Ý�CzÚå� [12], $
§�, ��S VO2 �ü�7ù�(�, ?u��N
G�, 16fßÝ$, é1f���Ç$, §Ý,p
� 50 ◦C �, VOX ��S VO2 ��N��âÅì~
�, 7á��âÅìOõ [18], ��S�16fßÝ
×�O\, é1f���Ç�×��Jp, THz ß
LÇ×�ü$, 65 ◦C �, VOX ��S� VO2 �â
��=�¤7á�, ?uo�7ù�(�, 16f
ßÝ�§ÝCzØ�, THz ß�rÝ�Ã²wCz.

ã 5 �¬ØÓ§Ýe�ß� THz ��Å/Ú¸�� - §Ý� (a) �¬ S1 Ú S2 ØÓ§Ýeß� THz ��Å/; (b) �
¬ S2 �ß� THz Å/¸�� - §Ý�

4 ( Ø

é7á V ��æ^X�í�¸e 450 ◦C/40 s

¯�9?n�, ��
äk�CA5� VOX ��,

�Cc�>{CzÌÝ�� 2 �êþ?, äk
9
��CA5, ��(¬5UûÐ, ��¤©± V2O5

�Ì, L¡�â��, ,§c� THz ß�rÝCz
��. �Y²LX�í�¸e 500 ◦C/15 s ¯�9?
n�, ���>{CzÌÝ�� 3 �êþ?, ��
âmÑyéõ��â, ��(¬5UOr, V �d
�ü$, ��¤©± VO2 �Ì, ,§c� THz ß�
rÝu)²wCz, �� 56.33% .
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Preparation and characteristic of phase transition
vanadium oxide thin films by rapid thermal process∗

Wu Bin† Hu Ming Hou Shun-Bao Lv Zhi-Jun Gao Wang Liang Ji-Ran

( School of Electronic Information Engineering, Tianjin University, Tianjin 300072, China )

( Received 16 February 2012; revised manuscript received 8 March 2012 )

Abstract

Metal-insulator phase transition VOX thin film is fabricated on a Si 〈100〉 substrate after the metal V thin film, prepared by

direct current facing targets magnetron sputtering has been rapidly thermally treated first in pure oxygen environment and then in pure

nitrogen environment. The thermal treatment conditions are 430 ◦C/40 s, 450 ◦C/40 s, 470 ◦C/40 s, 450 ◦C/30 s, 450 ◦C/50 s in

pure oxygen environment and 500 ◦C/15 s in pure nitrogen environment. XRD, XPS, AFM and SEM are imployed to analyze the

crystalline structure, valentstate and the components, morphology of the thin film. The electrical and optical characteristic of the thin

film are analyzed by the Four-point probe method and THz time domain spectrum technology. Results reveal that after 450 ◦C/40 s

rapid thermal treatment in pure oxygen environment the metal V thin film turns into VOX thin film which has low properties of phase

transition. Before and after heating, the change of resistivity reaches 2 orders of magnitude and the range of the THz transmission

intensity shows smooth change. In order to improve the properties of phase transition, the VOX thin film is treated by 500 ◦C/15 s

rapid thermal process in pure nitrogen environment. After that, we find that the thin film shows a good phase transition performance,

accompanied by a sheet square resistance drop of above 3 orders of magnitude and a 56.33% reduction in THz transmission intensity.
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