


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  
  

Volume 85 
Issue 11 
November 2007  

www.sensorsportal.com  ISSN 1726-5479 

Editor-in-Chief: professor Sergey Y. Yurish, phone: +34 696067716, fax: +34 93 4011989, 
e-mail: editor@sensorsportal.com 

 
Editors for Western Europe 
Meijer, Gerard C.M., Delft University of Technology, The Netherlands 
Ferrari, Vitorio, UUnniivveerrssiittáá  ddii  BBrreesscciiaa,,  IIttaaly 
 
Editors for North America 
Datskos, Panos G., OOaakk  RRiiddggee  NNaattiioonnaall  LLaabboorraattoorryy,,  UUSSAA 
Fabien, J. Josse, Marquette University, USA 
Katz, Evgeny, Clarkson University, USA 

Editor South America 
Costa-Felix, Rodrigo, Inmetro, Brazil 
 
Editor for Eastern Europe 
Sachenko, Anatoly, Ternopil State Economic University, Ukraine 
 
Editor for Asia 
Ohyama, Shinji, Tokyo Institute of Technology, Japan 

 
Editorial Advisory Board 

 
Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia 
Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia 
Annamalai, Karthigeyan, National Institute of Advanced Industrial 

Science and Technology, Japan 
Arcega, Francisco, University of Zaragoza, Spain 
Arguel, Philippe, CNRS, France 
Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea 
Arndt, Michael, Robert Bosch GmbH, Germany 
Ascoli, Giorgio, George Mason University, USA 
Atalay, Selcuk, Inonu University, Turkey 
Atghiaee, Ahmad, University of Tehran, Iran 
Augutis, Vygantas, Kaunas University of Technology, Lithuania 
Avachit, Patil Lalchand, North Maharashtra University, India 
Ayesh, Aladdin, De Montfort University, UK 
Bahreyni, Behraad, University of Manitoba, Canada 
Baoxian, Ye, Zhengzhou University, China 
Barford, Lee, Agilent Laboratories, USA 
Barlingay, Ravindra, Priyadarshini College of Engineering and 

Architecture, India 
Basu, Sukumar, Jadavpur University, India 
Beck, Stephen, University of Sheffield, UK 
Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia 
Binnie, T. David, Napier University, UK 
Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany 
Bodas, Dhananjay, IMTEK, Germany 
Borges Carval, Nuno, Universidade de Aveiro, Portugal 
Bousbia-Salah, Mounir, University of Annaba, Algeria 
Bouvet, Marcel, CNRS – UPMC, France 
Brudzewski, Kazimierz, Warsaw University of Technology, Poland 
Cai, Chenxin, Nanjing Normal University, China 
Cai, Qingyun, Hunan University, China 
Campanella, Luigi, University La Sapienza, Italy 
Carvalho, Vitor, Minho University, Portugal 
Cecelja, Franjo, Brunel University, London, UK 
Cerda Belmonte, Judith, Imperial College London, UK 
Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia 
Chakravorty, Dipankar, Association for the Cultivation of Science, India 
Changhai, Ru, Harbin Engineering University, China 
Chaudhari, Gajanan, Shri Shivaji Science College, India 
Chen, Rongshun, National Tsing Hua University, Taiwan 
Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan 
Chiriac, Horia, National Institute of Research and Development, Romania 
Chowdhuri, Arijit, University of Delhi, India 
Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan 
Corres, Jesus, Universidad Publica de Navarra, Spain 
Cortes, Camilo A., Universidad de La Salle, Colombia 
Courtois, Christian, Universite de Valenciennes, France 
Cusano, Andrea, University of Sannio, Italy 
D'Amico, Arnaldo, Università di Tor Vergata, Italy 
De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy 
Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India 
Kang, Moonho, Sunmoon University, Korea South 
Kaniusas, Eugenijus, Vienna University of Technology, Austria 
Katake, Anup, Texas A&M University, USA 

Dickert, Franz L., Vienna University, Austria 
Dieguez, Angel, University of Barcelona, Spain 
Dimitropoulos, Panos, University of Thessaly, Greece 
Ding Jian, Ning, Jiangsu University, China 
Djordjevich, Alexandar, City University of Hong Kong, Hong Kong 
Donato, Nicola, University of Messina, Italy 
Donato, Patricio, Universidad de Mar del Plata, Argentina 
Dong, Feng, Tianjin University, China 
Drljaca, Predrag, Instersema Sensoric SA, Switzerland 
Dubey, Venketesh, Bournemouth University, UK 
Enderle, Stefan, University of Ulm and KTB mechatronics GmbH, 

Germany 
Erdem, Gursan K. Arzum, Ege University, Turkey 
Erkmen, Aydan M., Middle East Technical University, Turkey 
Estelle, Patrice, Insa Rennes, France 
Estrada, Horacio, University of North Carolina, USA 
Faiz, Adil, INSA Lyon, France 
Fericean, Sorin, Balluff GmbH, Germany 
Fernandes, Joana M., University of Porto, Portugal 
Francioso, Luca, CNR-IMM Institute for Microelectronics and 

Microsystems, Italy 
Fu, Weiling, South-Western Hospital, Chongqing, China 
Gaura, Elena, Coventry University, UK 
Geng, Yanfeng, China University of Petroleum, China 
Gole, James, Georgia Institute of Technology, USA 
Gong, Hao, National University of Singapore, Singapore 
Gonzalez de la Ros, Juan Jose, University of Cadiz, Spain 
Granel, Annette, Goteborg University, Sweden 
Graff, Mason, The University of Texas at Arlington, USA 
Guan, Shan, Eastman Kodak, USA 
Guillet, Bruno, University of Caen, France 
Guo, Zhen, New Jersey Institute of Technology, USA 
Gupta, Narendra Kumar, Napier University, UK 
Hadjiloucas, Sillas, The University of Reading, UK 
Hashsham, Syed, Michigan State University, USA 
Hernandez, Alvaro, University of Alcala, Spain 
Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain 
Homentcovschi, Dorel, SUNY Binghamton, USA 
Horstman, Tom, U.S. Automation Group, LLC, USA 
Hsiai, Tzung (John), University of Southern California, USA 
Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan 
Huang, Star, National Tsing Hua University, Taiwan 
Huang, Wei, PSG Design Center, USA 
Hui, David, University of New Orleans, USA 
Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France 
Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain 
James, Daniel, Griffith University, Australia 
Janting, Jakob, DELTA Danish Electronics, Denmark 
Jiang, Liudi, University of Southampton, UK 
Jiao, Zheng, Shanghai University, China 
John, Joachim, IMEC, Belgium 
Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia 
Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain 
Rothberg, Steve, Loughborough University, UK 



Kausel, Wilfried, University of Music, Vienna, Austria 
Kavasoglu, Nese, Mugla University, Turkey 
Ke, Cathy, Tyndall National Institute, Ireland 
Khan, Asif, Aligarh Muslim University, Aligarh, India 
Kim, Min Young, Koh Young Technology, Inc., Korea South 
Ko, Sang Choon, Electronics and Telecommunications Research Institute, 

Korea South 
Kockar, Hakan, Balikesir University, Turkey 
Kotulska, Malgorzata, Wroclaw University of Technology, Poland 
Kratz, Henrik, Uppsala University, Sweden 
Kumar, Arun, University of South Florida, USA 
Kumar, Subodh, National Physical Laboratory, India 
Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan 
Lacnjevac, Caslav, University of Belgrade, Serbia 
Laurent, Francis, IMEC , Belgium 
Lay-Ekuakille, Aime, University of Lecce, Italy 
Lee, Jang Myung, Pusan National University, Korea South 
Lee, Jun Su, Amkor Technology, Inc. South Korea 
Lei, Hua, National Starch and Chemical Company, USA 
Li, Genxi, Nanjing University, China 
Li, Hui, Shanghai Jiaotong University, China 
Li, Xian-Fang, Central South University, China 
Liang, Yuanchang, University of Washington, USA 
Liawruangrath, Saisunee, Chiang Mai University, Thailand 
Liew, Kim Meow, City University of Hong Kong, Hong Kong 
Lin, Hermann, National Kaohsiung University, Taiwan 
Lin, Paul, Cleveland State University, USA 
Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland 
Liu, Aihua, Michigan State University, USA 
Liu Changgeng, Louisiana State University, USA 
Liu, Cheng-Hsien, National Tsing Hua University, Taiwan 
Liu, Songqin, Southeast University, China 
Lodeiro, Carlos, Universidade NOVA de Lisboa, Portugal 
Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain 
Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland 
Ma, Zhanfang, Northeast Normal University, China 
Majstorovic, Vidosav, University of Belgrade, Serbia 
Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados, 

Mexico 
Matay, Ladislav, Slovak Academy of Sciences, Slovakia 
Mathur, Prafull, National Physical Laboratory, India 
Maurya, D.K., Institute of Materials Research and Engineering, Singapore 
Mekid, Samir, University of Manchester, UK 
Mendes, Paulo, University of Minho, Portugal 
Mennell, Julie, Northumbria University, UK 
Mi, Bin, Boston Scientific Corporation, USA 
Minas, Graca, University of Minho, Portugal 
Moghavvemi, Mahmoud, University of Malaya, Malaysia 
Mohammadi, Mohammad-Reza, University of Cambridge, UK 
Molina Flores, Esteban, Benemirita Universidad Autonoma de Puebla, 

Mexico 
Moradi, Majid, University of Kerman, Iran 
Morello, Rosario, DIMET, University "Mediterranea" of Reggio Calabria, 

Italy 
Mounir, Ben Ali, University of Sousse, Tunisia 
Mukhopadhyay, Subhas, Massey University, New Zealand 
Neelamegam, Periasamy, Sastra Deemed University, India 
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria 
Oberhammer, Joachim, Royal Institute of Technology, Sweden 
Ould Lahoucin, University of Guelma, Algeria 
Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India 
Pan, Jisheng, Institute of Materials Research & Engineering, Singapore 
Park, Joon-Shik, Korea Electronics Technology Institute, Korea South 
Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal 
Petsev, Dimiter, University of New Mexico, USA 
Pogacnik, Lea, University of Ljubljana, Slovenia 
Post, Michael, National Research Council, Canada 
Prance, Robert, University of Sussex, UK 
Prasad, Ambika, Gulbarga University, India 
Prateepasen, Asa, Kingmoungut's University of Technology, Thailand 
Pullini, Daniele, Centro Ricerche FIAT, Italy 
Pumera, Martin, National Institute for Materials Science, Japan 
Radhakrishnan, S. National Chemical Laboratory, Pune, India 
Rajanna, K., Indian Institute of Science, India 
Ramadan, Qasem, Institute of Microelectronics, Singapore 
Rao, Basuthkar, Tata Inst. of Fundamental Research, India 
Reig, Candid, University of Valencia, Spain 
Restivo, Maria Teresa, University of Porto, Portugal 
Rezazadeh, Ghader, Urmia University, Iran 

Robert, Michel, University Henri Poincare, France 
Royo, Santiago, Universitat Politecnica de Catalunya, Spain 
Sadana, Ajit, University of Mississippi, USA 
Sandacci, Serghei, Sensor Technology Ltd., UK 
Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia 
Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India 
Schneider, John K., Ultra-Scan Corporation, USA 
Seif, Selemani, Alabama A & M University, USA 
Seifter, Achim, Los Alamos National Laboratory, USA 
Sengupta, Deepak, Advance Bio-Photonics, India 
Shearwood, Christopher, Nanyang Technological University, Singapore 
Shin, Kyuho, Samsung Advanced Institute of Technology, Korea 
Shmaliy, Yuriy, Kharkiv National University of Radio Electronics, 

Ukraine 
Silva Girao, Pedro, Technical University of Lisbon Portugal 
Slomovitz, Daniel, UTE, Uruguay 
Smith, Martin, Open University, UK 
Soleymanpour, Ahmad, Damghan Basic Science University, Iran 
Somani, Prakash R., Centre for Materials for Electronics Technology, 

India 
Srinivas, Talabattula, Indian Institute of Science, Bangalore, India 
Srivastava, Arvind K., Northwestern University 
Stefan-van Staden, Raluca-Ioana, University of Pretoria, South Africa 
Sumriddetchka, Sarun, National Electronics and Computer Technology 

Center, Thailand 
Sun, Chengliang, Polytechnic University, Hong-Kong 
Sun, Dongming, Jilin University, China 
Sun, Junhua, Beijing University of Aeronautics and Astronautics, China 
Sun, Zhiqiang, Central South University, China 
Suri, C. Raman, Institute of Microbial Technology, India 
Sysoev, Victor, Saratov State Technical University, Russia 
Szewczyk, Roman, Industrial Research Institute for Automation and 

Measurement, Poland 
Tan, Ooi Kiang, Nanyang Technological University, Singapore, 
Tang, Dianping, Southwest University, China 
Tang, Jaw-Luen, National Chung Cheng University, Taiwan 
Thumbavanam Pad, Kartik, Carnegie Mellon University, USA 
Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece 
Tsigara, Anna, National Hellenic Research Foundation, Greece 
Twomey, Karen, University College Cork, Ireland 
Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal 
Vaseashta, Ashok, Marshall University, USA 
Vazques, Carmen, Carlos III University in Madrid, Spain 
Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal 
Vigna, Benedetto, STMicroelectronics, Italy 
Vrba, Radimir, Brno University of Technology, Czech Republic 
Wandelt, Barbara, Technical University of Lodz, Poland 
Wang, Jiangping, Xi'an Shiyou University, China 
Wang, Kedong, Beihang University, China 
Wang, Liang, Advanced Micro Devices, USA 
Wang, Mi, University of Leeds, UK 
Wang, Shinn-Fwu, Ching Yun University, Taiwan 
Wang, Wei-Chih, University of Washington, USA 
Wang, Wensheng, University of Pennsylvania, USA 
Watson, Steven, Center for NanoSpace Technologies Inc., USA 
Weiping, Yan, Dalian University of Technology, China 
Wells, Stephen, Southern Company Services, USA 
Wolkenberg, Andrzej, Institute of Electron Technology, Poland 
Woods, R. Clive, Louisiana State University, USA 
Wu, DerHo, National Pingtung University of Science and Technology, 

Taiwan 
Wu, Zhaoyang, Hunan University, China 
Xiu Tao, Ge, Chuzhou University, China 
Xu, Tao, University of California, Irvine, USA 
Yang, Dongfang, National Research Council, Canada 
Yang, Wuqiang, The University of Manchester, UK 
Ymeti, Aurel, University of Twente, Netherland 
Yu, Haihu, Wuhan University of Technology, China 
Yufera Garcia, Alberto, Seville University, Spain 
Zagnoni, Michele, University of Southampton, UK 
Zeni, Luigi, Second University of Naples, Italy 
Zhong, Haoxiang, Henan Normal University, China 
Zhang, Minglong, Shanghai University, China 
Zhang, Qintao, University of California at Berkeley, USA 
Zhang, Weiping, Shanghai Jiao Tong University, China 
Zhang, Wenming, Shanghai Jiao Tong University, China 
Zhou, Zhi-Gang, Tsinghua University, China 
Zorzano, Luis, Universidad de La Rioja, Spain 
Zourob, Mohammed, University of Cambridge, UK 

 
Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA). 
Available in electronic and CD-ROM. Copyright © 2007 by International Frequency Sensor Association. All rights reserved. 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall   
  

  

CCoonntteennttss  
  

Volume 85 
Issue 11 
November 2007  

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

Optical Characterization of the Interaction of Mercury with Nanoparticulate Gold 
Suspended in Solution 
Kevin Scallan, Donald Lucas, and Catherine Koshland.....................................................................  1687 
  
Electrical Characterization of a Nanoporous Silicon Sensor for Low ppm Gas Moisture 
Sensing  
Tarikul Islam, Hiranmay Saha ............................................................................................................  1699 
  
Focused Ion Beam Nanopatterning for Carbon Nanotube Ropes based Sensor 
Vera La Ferrara, Ivana Nasti, Brigida Alfano, Ettore Massera and Girolamo Di Francia ...................   1708 
  
Trace Moisture Response Property of Thin Film Nano Porous γ-Al2O3 for Industrial 
Application  
Debdulal Saha, Kamalendu Sengupta ...............................................................................................   1714 
  
Gas Detectors Based on Single Wall Carbon Nanotubes by Exploiting the Dielectrophoresis 
Method 
Lun-Wei Chang and Juh-Tzeng Lue ..................................................................................................  1721 
  
Detection of Hydrogen Sulphide Gas Sensor Based Nanostructured Ba2CrMoO6 Thick Films 
A. V. Kadu, N. N. Gedam and G. N. Chaudhari .................................................................................  1728 
  
Nanocomposites Sn-Si-O and Sn-Mn-O for Gas Sensors 
Ekaterina Rembeza, Stanislav Rembeza...........................................................................................  1739 
  
Theory and Instrumentation Related to Anomalous Dielectric Dispersion in Ordered 
Molecular Groups  
Tanmoy Maity, D. Ghosh and C. R. Mahata ......................................................................................  1745 
  
Flexible Membrane Impact Sensor viaThick Film Method 
Hee C. Lim, James Zunino III and John F. Federici ...........................................................................  1757 
  
Humidity Sensing Behaviour of Niobium Oxide: Primitive Study 
B. C. Yadav, Richa Srivastava, M. Singh, R. Kumar and C. D. Dwivedi............................................  1765 

 
 
 
 
 
 

Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com 
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm 

 
 
International Frequency Sensor Association (IFSA). 



Sensors & Transducers Journal, Vol.85, Issue 11, November 2007, pp. 1721-1727 

 1721

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2007 by IFSA

http://www.sensorsportal.com   
 
 
 
 
 
 

Gas Detectors Based on Single Wall Carbon Nanotubes 
by Exploiting the Dielectrophoresis Method 

 
Lun-Wei Chang and *Juh-Tzeng Lue 

Department of Electrical Engineering 
|*Department of Physics 

National Tsing Hua University, Hsin Chu, Taiwan 
E-mail: jtlue@phys.nthu.edu.tw 

 
 

Received: 7 October 2007   /Accepted: 20 November 2007   /Published: 26 November 2007 
 
 
Abstract: Single wall carbon nanotube is developed for detecting various gases and vapors attributed 
to its peculiar mechanic structure and electronic property. We implemented a dielectrophoresis method 
to deposit desired amounts of carbon nanotubes on adjacent electrodes and investigate their 
conductivity variations at low gas pressures. The sensor exposed to extremely rare traces (in part per 
million) of CH4, H2, CO2 and acetone is capable of yielding response and showing saturation at a 
higher concentration. We propose a mechanism to portray that limited reaction surfaces are subjected 
to be saturated at high gas concentration. It is expected that the resistivity of carbon nanotubes are 
highly affected by the exposing to polar solvent vapor such as acetone. Much sensing of carbon 
nanotubes based sensors is highly appraised to detect chemical gases and organic vapors.  
Copyright © 2007 IFSA. 
 
Keywords: Gas sensors, Single-walled carbon nanotubes, Dielectrophoresis method 
 
 
 
1. Introduction 
 
Carbon nanotubes with unique structure have many fascinating properties, including excellent 
mechanical stiffness, quantum confinement effect at low temperatures and excellent gas adsorption. 
Recently, adsorption of chemical vapors in single wall carbon nanotubes (SWCNTs) has been 
extensively studied [1-5]. SWCNTs have being considered as chemical sensors on their superior in 
hollow geometry, large surface area and high aspect ratio, particularly of the sharp change of 
resistivity upon chemical vapor absorption [6-9]. Theoretical studies suggest the generation of donors 
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or acceptors of CNTs on absorption of gas molecule [10] in advantages of yielding the sensitivity of an 
order of one part per billion (ppb) in molecular absorption at room temperature. A higher sensitivity is 
expected at even lower temperatures. 
 
In this work, we fabricated the chemical sensor by dielectrophoresis (DEP) process and measured the 
variation of the resistance under different kind of gases. To expel the amorphous carbons in the 
CNTsample, we utilized the DEP method to deposit pure SWCNTs from the mixed solution. The DEP 
method immunizes the involved electron beam lithography to directly assembling the CNTs on the 
desired location. This CNT based sensor is appealed in response to many kinds of gases operating at 
room temperatures. 
 
 
2. Experimental Details 
 
In this experiment, commercial SWCNTs (purchased from Shenzhen Nanotech Port Co.) limited with 
specifications of diameters ＜ 2 nm; tube lengths of 5 ~ 15 µm; purity of SWCNTsof ＞ 80 ％; ash 

contents of ≦ 2 wt％; special surface area of 600 m2/g, and amorphous carbons of ＜ 5 ％. The CNT 
powder was firstly mixed with Triton X-100, a nonionic surfactant, to form aqueous solution, which 
then was well-dispersed ultrasonically by agitation for 30 minutes and centrifuged for two hours. The 
SWCNTs are suspended in insulating dielectric liquids which are subjected to move in response of an 
external nonuniform AC electric field. The SWCNTs were attracted to a region of stronger electric 
field when their permittivity 2ε exceeds that of the suspended medium 1ε . According to the theoretical 

estimation, the DEP force on the SWCNT is 2
1

2

]Re[
2

EKlrFdep ∇= επ where 

2
1

22
1

121
2

121 )()(]Re[
εωσ

εεεωσσσ
+

−+−
=K [11]. The DEP force on semiconducting carbon nanotube  

(S-SWCNT) is far smaller than that of metallic CNTs in the operational frequency range of 10 MHz, 
as shown in Fig.1. 
 
 

 
 

Fig. 1. The DEP method illustrated to be effectively forming a bridge across the microelectrodes expresses a 
force at various frequencies on (a) a single S-SWCNT. (b) a single M-SWCNT where the SWCNTs 

of metallic behavior are attracted by the highest electric field intensity. 
 
 
A CNT based sensor was fabricated by conventional photolithography with the junction formed by the 
DEP. Accordingly, theavily doped silicon substrate was wet oxidized at 1950 °C to grow SiO2 film of 



Sensors & Transducers Journal, Vol.85, Issue 11, November 2007, pp. 1721-1727 

 1723

500 nm in thickness. The Source and drain were patterned by the conventional photography with 
electrodes firstly deposited with 150 nm gold and then 10 nm titanium by E-gun deposition and 
followed by lift-off process in acetone, as shown in Fig. 2 (a). The pre-patterned structure was then 
mounted on a probe station with the surfactant solute dropped onto the electrodes. The CNTs bridge 
was absorbed by the DEP process with applying a radio frequency of 10 MHz for 1 minute. After then 
the sensor was immersed in isopropyl alcohol for 30 minutes to remove the surfactant from CNT 
surface. Figure 2 (d) shows that multi-CNTs were attached to the metal electrodes. The titanium layer 
deposited on CNTs is crucial to form ohmic contact instead of Schottky contact to effectively reduce 
the contact resistance. To improve the contact adhesion, the sensor further treated by rapid thermal 
annealing at 600 °C for 5min. 
 
 

  
 

(a) (b) 

  
 

(c) (d) 
 

Fig. 2. Processes (a), (b) and (c) are the fabrication procedures for CNTs based sensor, and the AFM image in 
(d) shows multiple CNTs existed across the adjacent electrodes. 

 
 
The experimental setup consists of 2.55L steel chamber evacuated by a dry pump which also performs 
the feeding of organic solvent used in gas sensing, as shown in Fig. 3. This system also provides the 
exposure of H2, CO2, CH4 and acetone at extremely low level in parts per million (ppm) with 
implementing of a mass flow controller. The electronic characters were measured by Keithley 2410 
Sourcemeter controlled by the LABVIEW software. 
 
 
3. Results and Discussion 
 
Fig. 4 shows that the resistance changes of SWCNTs at a saturated NH3 gas. Under ambient condition 
(point 1), the resistance remains a steady value at vacuum condition. At point 2, NH3 gas was 
introduced into the chamber to fill for 5 minutes. The system was pumped after 50 minutes illustrating 
the recovering of the resistance as indicated at point 3. The SWCNT sensor shows a prominent 
response upon the exposure to NH3 gas, which recovers to the initial value after pumping down to 
vacuum. 
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Fig. 3. The schematic diagram of the test chamber. 
 
 

 
 

Fig. 4. Electrical resistance of SWCNTs sensor by cycling measurements in NH3 and in vacuum. 
 
 
Fig. 5 (a) plots that The time dependence of the resistance for exposures to the concentration ranging 
from 100 ppb-50 ppm CH4 that were inserted into chamber for 11000 s. The normalized response can 

be defined as after initial

initial

R -R 100%
R

×  where afterR  is the steady state of the resistance after CH4 exposure 

and beforeR is the initial resistance under the vacuum. Fig. 5 (b) shows the response of distinct 
concentrations. The response of the sensor displays the abruptly change below 1ppm, on the contrary, 
the curve above the 1ppm exhibits a nonlinear response. Saturation phenomenon can be observed 
when the methane concentration exceeds 10 ppm. 
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(a) (b) 

 
Fig. 5. Resistance response of the sensor when it is exposed to CH4 at (a) various concentrations of CH4 gas,  

and (b) the normalized resistance RAfter-RInitial/RInitial. 
 
 
We also investigated the resistance response to hydrogen gas under various concentrations ranging 
from 100 ppb-50 ppm, as shown in Fig. 6 (a). At lowest H2 concentration, the steady-state response of 
CNT sensor is founded to be 0.84 % of that at 100 ppb of H2. Increasing the H2 concentration, the 
steady-state response of CNT sensor is up to 1.2 % and saturated to that above 10 ppm, as shown in 
Fig. 6 (b). The saturation of the resistance response at higher concentration also reveals in CH4 gas 
detection and the saturated concentration in methane gas is lower than that for hydrogen gas. 
 
 

 
(a) 

 
(b) 

 
Fig. 6. Resistance response of SWCNTs upon exposing to H2 at (a) Various concentrations of H2 gas, and (b) 

the comparison of normalized resistance (RAfter-RInitial/RInitial) and response time under hydrogen gas 
exposing. 
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For vapor sensing under saturated vapor condition, the acetone solvent was injected via syringed into 
the test chamber and allowed to evaporate to reach saturation condition for several minutes. Fig. 7 
shows the resistance response sensing to CO2 and acetone gas at 0.5, 1, 5 and 10 ppm. The resistance 
of the sensor slowly increases upon CO2 exposure and nearly remained at the same value above 1 ppm, 
as shown in Fig. 7 (a). However, the resistance response of the sensor continuously increased even at a 
lower concentration and was saturated at 5 ppm acetone, as shown in Fig. 7 (b). The higher normalized 
response may have been attributed to the solvent polarity because acetone is a typical polar vapor  
[12, 5]. The response times with the concentration of detecting acetone gas displays the opposite result 
to that of other gases on account of delay times including solvent vaporizing and diffusing to the test 
chamber. 
 
 

 
(a) 

 
(b) 

 
Fig. 7. Resistance response of SWCNTs upon exposure to CO2 and acetone vapor for (a) resistance and reaction 
times response to the trace CO2 gas, and (b) resistance and reaction times response to the trace of acetone vapor. 
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Fig. 8. Normalized response of various gases under different concentrations. 
 
 
Fig. 8 shows the change of the resistance as a function of concentrations when the sensor is exposed to 
a various gases. The resistance changes with environments of CH4, H2 and CO2 gases saturated at  
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1 ppm. These phenomena may be explained that the reactive surface of sensor is limited by the 
numbers of carbon nanotubes absorbed by DEP, which is much easier to be saturated than by that of 
SWCNTs film. In addition, detection of acetone vapor is much sensitive to that of non-polar gases at 
low concentration, such as H2 and CO2. 
 
 
4. Conclusions 
 
We have successfully fabricated a gas sensor based on single wall nanotubes by utilizing of the 
dielectrophoresis method, which assembling the CNTs on the preferred locations. Methane of ppm 
level can be detected at room temperature whilst the saturation phenomenon can be observed through a 
small amount of SWCNTs at a high gas concentration resulting from the decrease in surface reaction 
area of SWCNTs. Higher electrical response can be induced for the polar solvent such as acetone. The 
efficiency could plausibly increase by the lowering down of ambient temperatures and the increase of 
CNT surface. 
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