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2006 � 5 � Journal of Inorganic Materials May, 2006!4`s: 1000-324X(2006)03-0521-06��+t"��b�w�do�6�h(�~3W[Z�Y X�℄V\
(ETIF�PAUIPRFKNJBL?GS=C>QHTO�MD 430074)2 ,� �|njW2�r<TuDdk��f#�RRSNTHl��~�?R��|nqjK�vqj7!jW2�
["�uf#�#�2�dRjW2�
["*W��P&9�V-6�<u��<LK���r z f�|njW2Æ�
["�Æ�vÆ*WÆ�P&9�l�s�TP212 !%a���A

1 -*Y W�Q=;�Yv��\#��kY3 (SnO2) �s���N[s	&�A�z	:�P%yNx�zU����r'%'N��\#�`IvG_{"
�=��
5(U��4�'� (GP� CH4) �pYN�� (LPG, GP� C3H8 L C4H10) � C2H2 L
H2 x��v~C
~N+lH`r�v�&L
Z!')%	v/yAa� SnO2 ��\#�v~C
Es<$r CO � H2S � NH3 � NO2 � NO � SO2 x�CU��
��>�}osk*kY3��\#�j>SMvgÆ�g$�= [1], o>V�JTe�Gr 20nmF4 10nm u9O� SnO2 �s�U;H�&
}o SnO2 �s��(�+&v[s	L�yv,Y#	��5��J#9n5~C���	vs}
�Q+Y [2], a����q:�&��Q�YQ	3�$Mv��\

℄q�q�~N�H`LOHYEskvbz�$�+lP:-Rr5u℄�Æ(8�>�v��\#�3P\#+X�3�OuUR0sk>~C�O
�v)?�� [3], a�m7m(\#�℄ UL$�U�Ex%�
)?:�P+XYW.7� (xO ��Q'�) W��~�Warwicki`v PersaudL Dodd[4] 2��V3�/
 1982�v� Nature��3�~n|�S4g+�v=�8I���VN��\#sk�DGPY�jPYL:�Y�D�$
 SnO2 \q?�s�s>V��BF� U
98,Y#	x�4 +�
z.��v[s	�P℄O�
�Q'=��\#�+Xv8"
z��
�Q'vg$=� SnO2 ��\#�+X�J�P?3��U�q?\u;e
R8v��\#� d%m���Æ()lv�H���x?�UVO�q�3P\#�+X (”arrays of discrete

devices”)[5∼7]; ℄q?�U!\F��QwskL��Q,v���q(Nz<jPÆ(�q��� 2005–05–23, �g'nq���2005–06–27u}&Æ� ?y 863 vVBy (2004AA32G090); ,E_3r-7vVBy (20041003068)<5y|� 0n� (1947– ), ���d�6WGpJ	 E-mail: spgong@mail.hust.edu.cn
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SnO2 \#�QP+X (� integrated arrays �)[8], )?jP�Uvg$[Y
�:Æ
�n�(�.Gy��hG�jP	&x�[�)�P SnO2 ��\#�+XvG_�$�D

2 �	 SnO2 ��v�)�z�8
 SnO2 >Vv�sgEBt�Z�(�k/UvGm��oHPEe�/q7}�IDuPL��[�uP�ulq.�uP [2,9] x
�=�q.�uP�4�F{�^

� 1 Z?$�}�ISd*Wu66
Fig. 1 Variation of potential barrier with crystal-

lite sizes

(a) D >> 2L; (b) D ≥ 2L; (c) D < 2L

o�JTe�GrxqZ�0u9O�SnO2>V�s�U;H�&v�{
�uP- �
SnO2 �ikY.�q��s>V�P?.�

f.�LJ\.�
�
f.��\1kY.�J1���
�/���StkY./q�Q�	�H+Y���kY.�J/qvk�Q
�9��J/qv�>sYt�1��J\.��!�/qvY`1�J\P\#�v�U+YOH��f��[�98
� SnO2 �s>V=�kY.�J/}�B ;>MQP&j� ((4i2J),�8�&j�/}!\�B��>M�a�QPÆ�>V
>Vv�U
$/
�J�0J" (D) L�J/q7}�IDQ	 (L)v(G87 (� 1)[1,10]. o D >> 2L O��sg8=v�J\.��Gm��J/q7}�ID���YQPv[�/��_O>V�U
L[s	��JTe*8��o�JTe�G4
�P v/q7}�IDQ	O (n D ≥ 2L), /q7}�ID�hC4j(�Jv���� ;n
�[���J\.��8�f��[�98�[{ ;vA��trSz �>V[s	~N�JTev�G�"i�o D < 2L O�/q7}�ID�;Z-(�J�>V�U
m)<I"Gm��J�U/��_O���\#�v[s	~�JTe�G�"i
�
�A��~Cv{yBÆ�ulÆ8�Æ�>V�3v��U�
 SnO2 �s>V��\}o�3�s>VvgEg$.Æ^��U
(��QÆ
�>O~NM>V�M�3�M,vLMskvR[1�L���}o SnO2 ��\#�vgEg$�T>\4`g$(*!8Iv6	
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3 �	 SnO2 ��ep�i�#8"}o SnO2 ��\#��J��Qw
�w8",v��(\�P.8"}o SnO2��vdX<��$u�}px\�Qw,v8"P�s��
 Williams[11] x+uw�℄ �g����}o SnO2 ��0�_OQP�V�u�}p�kYbd
<��B
)C:E�Se'98L�Y�P.btSM[�*Y�v SnO2 Qw�";VV�&v[s	
 Baraton[12] x+8"v}o SnO2 Qw���4�0�C�	� 20∼50ppm /}v O3L NOx(x=1,2) ���
�	y4 3ppm v CO ��nL�s#����
7�;Qv|CL98
�QwQU>(� SnO2 }o�s�w>V/qhi��s�U�q:�&��"�Nw
GPYLjPY��Gyx����O��\#sk:�Yv�$#[ [13], \o�vg$*�/q

3.1 �
 SnO2 m�j8^

SnO2 L8��v8"��8�S5>��p>�L�>�8iA
5>�=�\�vgK���~ubt 1µm u9vL8������i3�7�=z*
{5RO=8tv
SnO2 2JTe�i�3{*���5u�B98O=#	LO}bt�JTe� 10∼100nmv���n5�B SnCl4 L NaOH 
 NaCl }v5 - 5Y`��8" SnO2 ����tG.vJ"q� pL}o
5>�,v�m�P%yN�n8w
�&98>VvY`V�L�8�3�P>�
�s>Vv8"��>�!Æ�
}o SnO2 �wv8"
z�8"}o
SnO2 ���-��p>��Gm�;Y`M���2
 - �
���-*���r*��B�!��L�5p�x
)I��2�v��\3w98>VvV�wQ(L�9Qi�5btY`VPlQi0�vL8�� (5gp(}o), L�℄O
�s>Vv8"


Manorama[14] x+��2
 - �
�8"SF� 5wt%CuO v}o SnO2 ��������8tvQw��
 H2S �N�&v[s	��",Y#		4 70∼ 80◦C. Fujihara[15]x+� SnCl4 
 95◦C r� (!z6�r
 NaOH x�U2p), �
 100∼ 200◦C �Sr*YE��btv}o SnO2 ��� 400 
 500◦C �aYER�>V�JTe. <7.7 nm, (/qh&g 110m2/g, ;VV�Fv*$�U
 Zhu[16] L Cirera[17] x+�0���5*YEsk8"S}o SnO2 �����w
Q= Pt � Pd xbYtv�"F��P℄O8"�s\#>V
��g$`(n�_�q1$SiQg$,Y�$tSq�vg$PA
N+ [18] x+�sS�0u SnCl2·2H2O L SnCl4·5H2O  �V��2
�r*OP>�OP.8"}o SnO2 ���J"iG� 5nm X	�"�=u Sn2+  �V8"Vv SnO2 �9+ 0��(/qh+i�[s	n+&��" SnO2 ��+ E�
'�1 [19,20] x+uF{3 �V�Sr*��P.OPS}o SnO2 ���W�[�B$�v3�O.��v���OPSU��Ov SnO2 }o��������8Pv=�P
*U�s��
)?[�U��(��&v[s	LA� - ^��U
C�? [22∼24] x+��r*OP��
200◦C ��#	98"S SnO2 }o��Te� 3.7nm, "L�0��*t;�&��O[�0g$S2
 - �
�L&�Q�f�8"}o SnO2 ��� XRD L TEM �A;V�*YE#	� 600∼ 800◦C /}btv�JTe0� 30nm /�
z���4P.8"}o
SnO2 ��v��s�ZÆ?��x[�Y=�skv�O�g$+�.8���Mv��>�&}o SnO2 ��vU�
0tIxv\��
}o>Vv�gU��}o SnO2 ��
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524 ( e < T ^ � 21 ,8P��vBQ=�)Ye'98)C,v{y�2�S>Vv�9T	W>�R�}o�����[?�4���=�=V>

3.2 �
 SnO2 ℄
8^x�8"}o SnO2 �wvsk�PÆ�WS2
 - �
���-*���[J��Y`�>Mh���A / ,��LhUi<Mhx��
*e��{?����)Y
:℄ O℄v�wd
Y Nz�3��℄ofK�&�w
d
v�NK�J�vNz>V�kYb�^�>
LN~4Lx
2
 - �
�8"�w\u�i℄d
�i*gd �V���y#	9p>OPQP2
�����=�
\��S2
1��d
<��
YR�Bq�#	v*YEnQP�w
2
 - �
��4�&98>VvY`VP��"0�UF�nn
��wLd
v�OK�7l�w$�U8&x%	
 Vuong[24] x+��_�8"v}o SnO2 �w
 H2 (��&v[s	���0J"� 6∼16nm /}
 Niranjan[25] x+8"S Ru F�}o SnO2 �w�o,Y#	 300◦C O��w
 LPG ;VV�&v[s	L�Fv℄ U
 Chung[26] x+��\��� Si d
<P.8"S SnO2 }o�w� Q=�\#�v+XY�jPYh9SOFvdX
�-*��\��V�8P2p���--YR���d
/q�S��.�H*���bt>��w>Vv����(�BY�m�5u�&98>VvY`VPx���n8"BQ=d
#	�&��w�K�i�K�$�U[�l�&
 Rossinyol[27] L Brinzari[28]x+���-*��P.8"S�JTe 20∼300nmv SnO2 �w�3g$S*��v#	
�w���3v�A
 Niranjan[29] x+��_�8"v Th F�}o SnO2 �w
Z`
{dv��� (TMA) /=V�&v[s	
Y`�>Mh� (CVD) \q?J�v�w>V8"����F�℄�U.;�*vNz<�SY`��>OP�X>V��t�w5p	&�Q	0q
z��s��g$+���xCQ" Y`�>Mh� (PECVD)[30] L�i�gY`�>Mh� (MOCVD)[31]P.8"S}o SnO2 �w>V
 Lee[32] x+g$S�#\OxCQ�Y`�>Mh�
(ICP-CVD), �� 13.56MHz vAÆP.8"S SnO2 }o�w
Wu<��v����[�;�A� [33,34] �*,�� [35] �hUi<Mh� (PLD)[36,37]LLZ��_!�� [38] xsk
�:=Æ
)Ig$i�Y�QiÆ
�n�}osk��wskY  : SnO2 \#��s�Uv�Hb
.#u�SQ�

4 SnO2 ��ep7�1k;_:i./�Q'\F�uUR0skL�YEgsk�
�s\#�+XvA���zuYEL�0�a�Q=��R0�V��0v:�W.7�

�vg$��
	D��$L�bz�>8vg$V-9Y�)���0\	kL/D�z�s�P�,o�7�;Q|Cx\
tr��
�Q'�4.&R0��\d
��\#�+X=j(\#m�v�;�℄ U��j(m��Bw 
_O��=vxq?��W s#�n
�O
�v����n��q�A��{_�)(\#m�/}\q?��,���JY�v87
�Q'vJN\�s\#+X�8Y3℄ O℄v\#�VO3P+X
�Q'vU�L�8�
 Lee[39] x+� Al2O3 �^d
<u�}pS Pt z*�L 10 ( SnO2 �sw
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��}o��"℄�8�
zt
 SnO2 �S U��+X
y�	v℄�U�gYO. (VOC) 4$�t℄�{℄�1�x/=V�&v[s	"A�UF�3�O+,E��fv/E�\}�`4|�Q=S VOC ?AL�	vM&C�
 Stankova[40] x+��u�}pul�A�3�O��QgKsk (MEMS), �>
<P.8"S 4 (\#�m�QP+X�3F�uT RTMAP E��f�
%��1����_O��vR0P.
g
100%. Graf[41] x+
`��z*
l�6ou�aL}o SnO2 Qw+XjP�q(L
<�3��.M��Q�Ksk�S�K��L
�Xq(�98�G�
��1��L98o'�a��8Xm,M��B"n5VP�Q'7���
 CO v�,
&g 0.1ppm.&�`(ns1$S�Q'vg$�z�Gmu;ev SnO2 ��\#� d%m���x?�UVO3P\#�+X���Q'vOHYELuUR0xsk�q$tS�Fvg$PA�F���Q,vL�wsk8"��\#+Xv,Yn.�F:��=

5 {0�BÆ�v�K�+l� : SnO2 ��\#�U���&�Q�YQ	�q$tSKTv�:��~C
Ena\�v[�Uw(w���<$r CO � H2S x�CU��
��>�}oskL�wskxM>V8"sk* SnO2 ��\#�j>SMvgÆ��O>d��Q,v8Yv}o SnO2 �w\#+X"f8I
~Ng$vx[D6��Q'��+Æ\
�℄AmY����~Cskn8�DN+&vD`g�

� $

[1] Xu C, Tamaki J, Miura N. Sensors and Actuators B, 1991, 3 (1): 147–155.

[2] Shukla S, Seal S. Journal of Nanoscience and Nanotechnology, 2004, 4 (1/2): 141–145.

[3] Gardner J W, Bartlett P N. Sensors and Actuators B, 1994, 18 (1–3): 211–220.

[4] Persaud K, Dodd G H. Nature, 1982, 299 (5881): 352–355.

[5] Delpha C, Lumbreras M, Siadat M. Sensors and Actuators B, 2004, 98 (1): 46–53.

[6] Jervis B W, Desfieux J, Jimenez J, et al. IEE Proceedings-Science Measurement and Technology, 2003, 150

(3): 97–106.

[7] Corcoran, Paul. Sensor Review, 1992, 12 (3): 24–27.

[8] Yamazoe N, Sskai G, Shimanoe K. Catalysis Surveys from Asia, 2003, 7 (1): 63–75.

[9] Yamazoe N, Sskai G, Shimanoe K. Oxide semiconductor gas sensors, Catalysis Surveys from Asia, 2003, 7

(1): 63–75.

[10] Seal S, Shukla S. JOM-Journal of the Minerals Metals & Materials Society, 2002, 54 (9): 35–38.

[11] Williams G, Coles G S V. MRS Bulletin, 1999, 24 (6): 25–29.

[12] Baraton M I, Merhari L. Materials Science and Engineering B, 2004, 112 (2–3): 206–213.

[13] Shukla S, Patil S, Kuiry S C, et al. Sensors and Actuators B, 2003, 96 (3): 343–353.

[14] Manorama S V, Gopal R C V, Rao V J. Nanostructured Materials, 1999, 11 (5): 643–649.

[15] Fujihara S, Maeda T, Ohgi H, et al. Langmuir, 2004, 20 (15): 6476–6481.

[16] Zhu J J, Zhu J M, Liao X H, et al. Materials Letters, 2002, 53 (1–2): 12–19.

[17] Cirera A, Vila A, Cornet A, et al. Materials Science and Engineering C, 2001, 15 (1–2): 203–205.

[18] M *�+XU��h0	)fX__�� 2004, 20 (2): 199–201.

[19] &�0�% [ (ZHANG Jian-Rong, et al). )f=U_� (Journal of Inorganic materials), 2004, 19 (5):

1177–1180.



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

526 ( e < T ^ � 21 ,
[20] &�0�% [ (ZHANG Jian-Rong, et al). )f=U_� (Journal of Inorganic materials), 2005, 20 (2):

465–469.

[21] Gong S P, Xu C, Liu H, et al. Technical Digest of The 6th East Asia Conferenc on Chemical Sensors, 2005,

Guilin, China. [21] 580–581.

[22] Zhou D X, Liu H, Gong S P, et al. Technical Digest of The 6th East Asia Conferenc on Chemical Sensors,

2005, Guilin, China. [22]578-579

[23] Zhou D X, Gan L, Liu H, et al. Technical Digest of The 6th East Asia Conferenc on Chemical Sensors, 2005,

Guilin, China. [23]576-577

[24] Vuong D D, Sakai G, Shimanoe K, et al. Sensors and Actuators B, 2004, 103 (1–2): 386–391.

[25] Niranjan R S, Mulla I S. Materials Science and Engineering B, 2003, 103 (2): 103–107.

[26] Chung W Y, Lim J W. Current Applied Physics, 2003, 3 (5): 413–416.

[27] Rossinyol E, Arbiol J, Peiro F, et al. Boletin de la Sociedad Espanola de Ceramica Y Vidrio, 2004, 43 (2):

510–513.

[28] Brinzari V, Korotcenkov G, Golovanov V, et al. Thin Solid Films, 2002, 408 (1–2): 51–58.

[29] Niranjan R S, Patil K R, Sainkar SR, et al. Materials Chemistry and Physics, 2004, 84 (1): 37–45.

[30] Liu P Y, Chen J F, Sun W D. Plasma Science and Technology, 2004, 6 (2): 2259–2264.

[31] Choi G, Ryu H, Seo Y, et al. Journal of the Korean Physical Society, 2003, 43 (6): L967–L971.

[32] Lee Y C, Tan O K, Tse M S, et al. Ceramics International, 2004, 30 (7): 1869–1872.

[33] Ryu H W, Park Y J, Noh H S, et al. Materials Science Forum, 2004, 449 (4): 993–996.

[34] Gubbins M A, Casey V, Newcomb S B. Thin Solid Films, 2002, 405 (1–2): 270–275.

[35] Lee Y S, Kwon O S, Vijayamohanan K, et al. Sensors and Actuators B, 2003, 93 (1–3): 556–561.

[36] Dolbec R, El Khakani M A, Serventi A M, et al. Sensors and Actuators B, 2003, 93 (1–3): 566–571.

[37] Fan H Y, Reid S A. Chemistry of Materials, 2003, 15 (2): 564–567.

[38] Lu F, Liu Y, Dong M, et al. Sensors and Actuators B, 2000, 66 (1–3): 225–227.

[39] Lee D S, Kim Y T, Huh J S, et al. Thin Solid Films, 2002, 416 (1–2): 271–278.

[40] Stankova M, Ivanov P, Llobet E, et al. Sensors and Actuators B, 2004, 103 (1–2): 23–30.

[41] Graf M, Barrettino D, Taschini S, et al. Analytical Chemistry, 2004, 76 (15): 4437–4445.

Progress in Nanophase Tin Oxide Gas Sensors and Gas-sensitive Array

GONG Shu-Ping, LIU Huan, ZHOU Dong-Xiang

(MOE Engineering Center of Information Ceramics, Department of Electronic Science and Technology,

Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Progress in both fundamental and applied research of nanophase tin oxide gas-

sensitive materials was reviewed with emphasis on the application of nanotechnology and thin-film

technology to produce tin oxide sensors. Current status and future prospects of the integrated array

of tin oxide sensors used in electronic nose that simulates the human nose were also presented.

Key words nanophase tin oxide; gas sensor; thin-film; array; electronic nose


