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Abstract

Single-walled carbon nanotube (SWCNT) random networks are easily fabricated on a wafer scale, which provides an
attractive path to large-scale SWCNT-based thin-film transistor (TFT) manufacturing. However, the mixture of
semiconducting SWCNTs and metallic SWCNTs (m-SWCNTs) in the networks significantly limits the TFT performance
due to the m-SWCNTs dominating the charge transport. In this paper, we have achieved a uniform and
high-density SWCNT network throughout a complete 3-in. Si/SiO2 wafer using a solution-based assembly method.
We further utilized UV radiation to etch m-SWCNTs from the networks, and a remarkable increase in the channel
current on/off ratio (Ion/Ioff) from 11 to 5.6 × 103 was observed. Furthermore, we used the SWCNT-TFTs as gas
sensors to detect methyl methylphosphonate, a stimulant of benchmark threats. It was found that the SWCNT-TFT
sensors treated with UV radiation show a much higher sensitivity and faster response to the analytes than those
without treatment with UV radiation.
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Background
Recently, there are many reports on the use of single-
walled carbon nanotubes (SWCNTs) for fabricating a
chemical sensor [1]. The SWCNTs with every atom on
the surface are expected to exhibit excellent sensitivity
toward absorbates [2,3]. SWCNTs also possess good en-
vironmental stability, excellent electronic properties, and
ultrahigh ratio of surface to volume [4]. These features
make SWCNTs ideal sensing materials for compact,
low-cost, low-power, and potable chemical sensors [5].
Multiple types of SWCNT-based chemical sensors, such
as chemiresistors [6,7], chemicapacitors [8], and field-
effect transistors (FETs) [9], have been developed for
sensing application, but the SWCNT-FETs offer several
advantages for sensing including the ability to amplify
the detection signal with the additional gate electrode
[10]. Since Kong et al. first made use of SWCNT-FETs
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to detect NO2 and NH3 [11], the SWCNT-FETs have
been successfully used to detect a variety of gases or
chemical vapors, such as formaldehyde [12], O2 [13],
organophosphor [6,7], and TNT vapors [14]. It has been
shown that the SWCNT-FETs exhibit significant con-
ductance change upon exposure to absorbed molecules.
Despite these significant progresses made in this field,
the fabrication of high-performance SWCNT thin-film
transistor (TFT) sensors still faces a big challenge due to
the coexistence of metallic and semiconducting nano-
tubes (denoted as m-SWCNTs and s-SWCNTs, respect-
ively) within the conducting channels [10]. In these
unsorted SWCNT-TFTs, the electrical properties of the
SWCNT networks are dominated by the m-SWCNTs in
which small shifts of the Fermi level do not result in a
substantial change in the density of state at the Fermi
level, thus providing a lower electronic response upon
analyte interaction with nanotubes [10,11].
Several approaches have been developed for obtaining

SWCNT-FETs with pure s-SWCNT in the channels
such as selective synthesis of s-SWCNTs [15-18], post-
treatment [19-21], and selective etching of m-SWCNTs
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[22,23]. Gomez et al. have reported the method of using
light irradiation to induce the metal-to-semiconductor
conversion of SWCNTs for transistors based on both
aligned and individual nanotube devices [24]. This
method increased the channel current on/off ratio up to
105 in the SWCNT transistors. Roberts et al. reported a
self-sorting method to enrich and align the s-SWCNT
on the surface of silicon and polymeric films by control-
ling the substrate surface chemistry [25]. It was found
that the aligned nanotube networks enriched with s-
SWCNT showed a much higher sensitivity to analytes
than those fabricated with random networks.
Random nanotube networks are easily deposited from

the solution and represent an attractive path to large-scale
device manufacturing [26-28]. However, they suffer from
the mixture of s-SWCNTs and m-SWCNTs in the net-
work, often resulting in a low on/off ratio due to the m-
SWCNTs dominating the charge transport. Wang et al.
[27] reported on the deposition of uniform and high-
density s-SWCNT random networks from a s-SWCNT
solution onto a wafer using an assembly method. These s-
SWCNT-TFTs show on/off ratios larger than 104. How-
ever, this technology requires pre-separating 95% enriched
s-SWCNTs. Here, we reported on the deposition of ran-
dom SWCNT networks from the SWCNT solution on the
wafer and then radiated the nanotube networks utilizing
UV to fabricate SWCNT-TFT sensors with high perform-
ance. A remarkable increase in the channel current on/off
ratio from approximately 11 to 5.6 × 103 was observed
after UV irradiation. We also used these SWCNT-TFTs to
detect methyl methylphosphonate (DMMP), a stimulant
of benchmark threats. The SWCNT-TFTs treated with
UV radiation show a much higher sensitivity to the ana-
lytes than those without treatment with UV radiation.

Methods
Materials
The carboxylic acid-functionalized SWCNTs were obtained
from Carbon Solutions Inc. (Riverside, CA, USA). The Si/
SiO2 wafer used is an n-doped Si (100) wafer with 300-nm
oxide layer on the top of the Si wafer. DMMP and
3-aminopropyltrimethysilane (APS) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Deionized water,
ethanol, acetone, and toluene were used throughout all pro-
cesses for cleaning. All reagents were analytical grade and
were used without further purification.

SWCNT network deposition and sensor fabrication
To fabricate our gas sensors, the Si/SiO2 wafer substrate
was ultrasonically rinsed with toluene, acetone, ethanol,
and deionized water, followed by cleaning with a piranha
solution (98% H2SO4:30% H2O2 = 3:1 (v/v)) for 2 h at
80°C. This clean wafer was immersed in APS aqueous
solution (1.5 mM) for 2 h and then kept in a vacuum
evaporator at 120°C for 1 h to form the amino-terminated
monolayer on the surface of the Si/SiO2 substrate. The
purified SWCNTs were ultrasonically dispersed in deio-
nized water for 2 h. The pretreated Si/SiO2 substrate
modified with an APS monolayer was immersed in the
SWCNT suspension, followed by rinsing with ethanol and
deionized water and drying with the aid of nitrogen flow.
The morphology of the deposited SWCNTs was charac-
terized by scanning electron microscopy (SEM; JSM-
7401F, JEOL Ltd., Akishima, Tokyo, Japan).
The SWCNT-TFT sensors were fabricated using the

standard microfabrication procedures in our previous re-
port [7]. The interdigitated electrode fingers were made
by sputtering 10 nm Cr and 180 nm Au onto the pat-
terned photoresist mold. We introduced a lift-off process
to remove the photoresist. Finally, the electrodes were
ultrasonically rinsed in acetone and ethanol repeatedly,
washed with deionized water thoroughly, and then dried
by nitrogen flow before they were used. The UV light
radiation wavelength utilized is 250 to approximately
360 nm, and the SWCNT-TFT sensor was exposed to
the UV light for 0 to 1 h with a distance of 10 cm.

Sensor testing system
The homemade sensor testing system was established as
in the previous reports [7]. Nitrogen, used as carrier gas,
flowed through a porous glass-disc bubbler containing li-
quid DMMP to form DMMP vapor, and then, this DMMP
vapor was mixed with the diluting N2 in a stainless steel.
The output flow ratio of the diluted DMMP vapor was
controlled by mass flow controllers. The different concen-
trations of DMMP were produced by regulating the flow
ratio of the dilution gas to the flow rate of the carrier gas.
The DMMP vapor was delivered into the sensing chip to
test the sensor performance. Before testing, the sensor was
cleaned by UV for about 2 min to remove the absorbed
impurity from the SWCNT network (meanwhile, the con-
ductance was monitored to avoid etching SWCNTs) and
then exposed to the DMMP.
The electrical signal of the sensor was monitored using

a semiconductor parameter analyzer (Agilent 4156C, Agi-
lent Technologies Inc., Santa Clara, CA, USA). After a
stable baseline electrical signal was obtained, the DMMP
vapor with the required concentration was introduced,
and all sensing measurements were carried out at room
temperature. The DMMP was desorbed from the SWNT
surface by N2 blowing together with illumination with a
lamp (the wavelength was 710 nm, and the power was
200 W).

Results and discussion
The uniform and high-density SWCNT networks on the
Si/SiO2 wafer were fabricated with a solution-based self-
assembly method [7,27]. Briefly, the Si/SiO2 substrate was
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first functionalized with an amino-terminated monolayer.
The carboxylic acid-functionalized SWCNTs de-bounded
and dispersed in the water were easily absorbed and
deposited on the amino-functionalized Si/SiO2 substrate
via electrostatic interaction. Following nanotube depos-
ition was the fabrication of SWCNT-TFTs. The source
and drain electrodes were patterned by standard photo-
lithography. The silicon substrate acts as a back gate, while
SiO2 is used as the back gate dielectric. The schematic and
SEM images of the SWCNT-TFT structure were shown in
Figure 1a,b respectively. The electrodes possess a channel
length of 600 μm and a channel width of 10 μm. The SEM
images show that the high density and uniform deposition
of SWCNT networks bridge the source and the drain
 (a)                    

 (c)                      

(

Figure 1 Schematic and SEM images. The (a) schematic and (b) SEM im
conducting channel. (d) SEM images showing SWCNTs deposited at differe
electrodes (Figure 1c). We also took the SEM images at
nine different locations on the wafer to determine the de-
position uniformity of the SWCNT networks (Figure 1d,e).
It can be seen that the uniform and high-density nanotube
networks were achieved throughout the 3-in. wafer, sug-
gesting that the solution deposition approach is feasible to
manufacture devices on a large scale. Figure 2 shows the
SEM images of the SWCNT networks after irradiation
by UV in air. It was found that the nanotube density
decreased with an increase of the irradiation time, and at
last, the nanotubes were completely removed from the
wafer when a 60-min irradiation was applied.
We study the electrical performance of the SWCNT-

TFTs. Figure 3 shows the source-drain current current
(b) 

(d) 

e)

age of the SWCNT-TFT structure. (c) SEM image of SWCNT bridging the
nt positions on the (e) electron patterning wafer.
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Figure 2 SEM image of SWCNT networks before and after UV irradiation. (a) Before UV irradiation; after (b) 5, (c) 10, (d) 20, (e) 30, (f) 40,
and (g) 60 min of UV irradiation.
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Figure 3 Ids versus Vds plots at different gate voltages (Vg) for SWCNT-TFT gas sensors. Ids versus Vds plots after (a) 0, (c) 5, (e) 10, and (g)
20 min UV radiation (Vg is varied from −10 to 10 V in 2-V steps). The corresponding Ids-Vg plots of the SWCNT-TFTs after (b) 0, (d) 5, (f) 10, and (h)
20 min of UV radiation (Vds = 0.5 V, Vg = −20 to approximately 20 V).
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Figure 4 The schematic diagram for etching of m-SWCNTs from
SWCNT networks.

Figure 5 Conductance change versus time recorded with the
sensor responses to 0.73 ppm of DMMP. Without (black) and
with 20 min of UV radiation (red). Ids = 0.5 V, Vg = 0 V.

Chen et al. Nanoscale Research Letters 2012, 7:644 Page 6 of 8
http://www.nanoscalereslett.com/content/7/1/644
(Ids)-source-drain voltage (Vds) curves of typical SWCNT-
TFTs before and after UV radiation. The Ids-Vds curves
were found to be very linear for Vds between −1 and 1 V,
indicating the Ohmic contact between nanotubes and the
electrodes (Figure 3a) [14,27]. After irradiation for 5 to
20 min, the Ids-Vds curves remain linear, but a significant
decrease in the current was observed because nanotubes
were etched from the channels by UV radiation. The
SWCNT-TFTs completely lost the conductance after
30 min of illumination.
The transfer characteristic (Ids versus Vg) of the sensor

was measured using the Si substrate as a back gate. The
measurement was operated at a constant source-drain
voltage of 0.5 V and gate voltage between −20 and +20 V.
As shown in Figure 3, the SWCNT device shows a p-type
semiconductor behavior with holes as the majority car-
riers, evidenced by the decreasing electrical conductance
when gate voltage (Vg) was swept from negative to positive
values. The on/off ratio of the untreated SWCNT-TFTs is
low (approximately 11) due to the contribution of the m-
SWCNTs. After 5 to 20 min of light irradiation, the
SWCNT-TFTs retained a p-type semiconductor behavior,
but the on/off ratios increased from approximately 11 to
approximately 5.6 × 103, suggesting that most of the m-
SWCNTs were etched from the channels.
The energy absorbed by SWCNTs is related to the light

wavelength and intensity. The theoretical calculation has
confirmed that the formation energy of m-SWCNTs is
higher than that of the same-diameter s-SWCNTs [29,30]
and that the m-SWCNTs show a higher chemical reactiv-
ity due to more abundant delocalized electronic states
[31]. UV irradiation in air generated oxygen radicals and
ozone, which are strong gas-phase oxidants [32]. The m-
SWCNTs were easily oxidized by these oxidants and
removed from the wafers as shown in Figure 4 [31,32].
The UV-assisted photo-oxidation could also increase de-
fect density on the sidewall of nanotubes due to the
increase in the sp3 nature of irradiated nanotubes [24]. It
is known that the conversion of sp2 to sp3 sites may lead
to π-electron localization that can open the bandgap of
metallic nanotubes and result in the conversion of m-
SWCNTs to s-SWCNTs [24]. Both of the possible reasons
might account for the high on/off ratio of the UV-
irradiated SWCNT-TFT devices. However, the significant
decrease in the nanotube density as shown in the SEM
images suggested that the etching of m-SWCNTs from
the networks may be the main reason for the high per-
formance of TFT devices.
The SWCNT-TFTs were used to detect DMMP, a

stimulant of benchmark threats. The conductance be-
tween two electrodes was measured to investigate the sen-
sory response, and the change in conductance (R) is
defined as R = ΔG/G0 = (G − G0)/G0, where G0 and G are
the conductance of nanotubes before and after exposure
to the testing gas, respectively. Figure 5 shows the
responses of the SWCNT networks to 0.73 ppm of
DMMP at a constant source-drain voltage of 0.5 V and



Figure 6 Conductance change versus time recorded with the sensor responses to 0.32 ppm of DMMP. (a) Without and (b) with 20 min of
UV radiation. Ids = 1 V, Vg = −10 V.
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gate voltage of 0 V. It can be seen that the resistance of
the device increased upon exposure to 0.73 ppm of
DMMP, and the conductance change was 17% (with a re-
sponse time of 2 min) for the irradiated sensors, compared
to only 2.2% conductance change for non-irradiated
sensors. The irradiated SWCNT sensors show seven times
higher sensitivity than those without irradiation. The sen-
sor responses were also investigated when the SWCNT-
TFTs were operated at gate voltage of −10 V at the same
concentration of DMMP (Figure 6). A pronounced
increase in the sensitivity of SWCNT-TFTs was also
observed after the SWCNT network was irradiated with
UV light. For instance, the irradiated SWCNT-TFT sensor
gave a 22% conductance change upon exposure to
0.32 ppm of DMMP, whereas only 2% conductance
change was observed for the unirradiated sensor under
the same concentration of DMMP. The reason for these
different response behaviors is that for the unirradiated
SWCNTs, the electrical properties of the SWCNT net-
work are dominated by the m-SWCNTs in which small
shifts of the Fermi level do not result in a substantial
change in the density of state at the Fermi level and, thus,
in the charge carried in the nanotubes [10,11]. After radi-
ation, the channel conductance was dominated by
s-SWCNT, from which a donation or injection of one
electron could significantly change the conductance of
SWCNTs, leading to a fast response and high sensitivity
toward analytes. DMMP is a typical electron-donating
molecule, and s-SWCNTs are p-type semiconductors with
holes as the majority carriers in the nanotubes. Adsorp-
tion of DMMP onto the s-SWCNT leads to a charge
transfer from the DMMP molecule to the nanotubes [9].
This charge transfer reduced the holes carried in the
nanotubes and decreased sample conductance. Figure 6
also shows that applying a negative gate bias (Vg = −10V)
can enhance the sensitivity. As an electron donator, the
adsorption of DMMP on the p-type SWCNTs is
equivalent to applying a positive chemical gate voltage.
From the Ids-Vg curve (Figure 3h), a sharp slope was
observed at this gate bias (−10 V). So, a large response is
expected due to the positive chemical gate effect of the
DMMP adsorption.
Conclusions
We reported the deposition of uniform and high-density
SWCNT networks from the SWCNT solution on the
wafer and then used these nanotube networks to fabricate
SWCNT-TFT sensors. UV irradiation was utilized to etch
m-SWCNTs and (or) convert m-SWCNTs to s-SWCNTs.
A remarkable increase in the channel current on/off ratio
from approximately 11 to 5.6 × 103 was observed after UV
irradiation. We also used these SWCNT-TFT sensors to
detect DMMP. It was found that the irradiated SWCNT-
TFT sensors show a much higher sensitivity to the ana-
lytes than those without treatment with UV radiation. Our
work provides a simple and efficient approach to a large-
scale fabrication of SWCNT-TFT sensors and solves the
problem of low on/off ratio in the nanotube-based TFTs
when the random SWCNT network is used.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TTC performed the experiment and measured the SEM, electronic, and gas
response data. LMW designed the experiments and wrote the manuscript.
DWS helped in the technical support for the experiments. YY participated in
the measurements. JW and JZ provided useful suggestions. ZHZ and YW
helped analyze the characterization results. YFZ supervised all of the study
and provided financial support. All authors read and approved the final
manuscript.

Acknowledgments
We thank for the financial support from the National Natural Science
Foundation of China (No. 51272155) and the Foundation for SMC Excellent
Young Teacher in Shanghai Jiao Tong University.



Chen et al. Nanoscale Research Letters 2012, 7:644 Page 8 of 8
http://www.nanoscalereslett.com/content/7/1/644
Author details
1Key Laboratory for Thin Film and Microfabrication of the Ministry of
Education, Institute of Micro/Nano Science and Technology, Shanghai Jiao
Tong University, Shanghai 200240, People's Republic of China. 2State Key
Laboratory of Electronic Thin Film and Integrated Devices, School of
Microelectronics and Solid-State Electronics, University of Electronic Science
and Technology of China, Chengdu 610054, China.

Received: 5 October 2012 Accepted: 16 October 2012
Published: 23 November 2012

References
1. Kauffman DR, Star A: Carbon nanotube gas and vapor sensors. Angew

Chem Int Ed 2008, 47:6550–6570.
2. Lu YJ, Meyyappan M, Li J: A carbon-nanotube-based sensor array for

formaldehyde detection. Nanotechnology 2011, 22:1–4.
3. Kauffman DR, Star A: Electronically monitoring biological interactions with

carbon nanotube field-effect transistors. Chem Soc Rev 2008,
37:1197–1206.

4. Dekker C: Carbon nanotubes as molecular quantum wires. Phys Today
1999, 52:22–28.

5. Bondavalli P, Legagneux P, Pribat D: Carbon nanotube/polythiophene
chemiresistive sensors for chemical warfare agents. Sens Actuators B 2009,
141:304–318.

6. Wang F, Gu HW, Swager TM: Carbon nanotube/polythiophene
chemiresistive sensors for chemical warfare agents. J Am Chem Soc 2008,
130:5392–5393.

7. Wei LM, Shi DW, Ye PY, Dai ZQ, Chen HY, Chen CX, Wang J, Zhang LY, Xu
D, Wang Z, Zhang YF: Hole doping and surface functionalization of
single-walled carbon nanotube chemiresistive sensors for ultrasensitive
and highly selective organophosphor vapor detection. Nanotechnology
2011, 22:425–501.

8. Snow ES, Perkins FK, Houser EJ, Badescu SC, Reinecke TL: Chemical
detection with a single-walled carbon nanotube capacitor. Science 2005,
307:1942–1945.

9. Novak JP, Snow ES, Houser EJ, Park D, Stepnowski JL, McGill RA: Nerve
agent detection using networks of single-walled carbon nanotubes.
Appl Phys Lett 2003, 83:4026–4028.

10. Roberts ME, LeMieux MC, Bao ZN: Sorted and aligned single-walled
carbon nanotube networks for transistor-based aqueous chemical
sensors. ACS Nano 2009, 3:3287–3293.

11. Kong J, Franklin NR, Zhou CW, Chapline MG, Peng S, Cho K, Dai HJ: Nanotube
molecular wires as chemical sensors. Science 2000, 287:622–625.

12. Wang R, Zhang D, Zhang Y, Liu C: Boron-doped carbon nanotubes
serving as a novel chemical sensor for formaldehyde. J Phys Chem B
2006, 110:18267–18271.

13. Collins PG, Bradley K, Ishigami M, Zettl A: Extreme oxygen sensitivity of
electronic properties of carbon nanotubes. Science 2000, 287:1801–1804.

14. Chen PC, Sukcharoenchoke S, Ryu K, De Arco LG, Badmaev A, Wang C,
Zhou CW: 2,4,6-trinitrotoluene(TNT) chemical sensing based on aligned
single-walled carbon nanotubes and ZnO nanowires. Adv Mater 2010,
22:1900–1904.

15. Ding L, Tselev A, Wang JY, Yuan DN, Chu HB, Thomas PM, Li Y, Liu J:
Selective growth of well-aligned semiconducting single-walled carbon
nanotubes. Nano Lett 2009, 9:800–805.

16. Hong G, Zhang B, Peng BH, Zhang J, Choi WM, Choi JY, Kim JM, Liu ZF: The
fabrication and gas-sensing characteristics of the formaldehyde gas
sensors with high sensitivity. J Am Chem Soc 2009, 131:14642–14643.

17. Yao YG, Feng YG, Zhang J, Liu ZF: “Cloning” of single-walled carbon
nanotubes via open-end growth mechanism. Nano Lett 2009,
9:1673–1677.

18. Qian Y, Huang B, Gao FL, Wang CY, Ren GY: Preferential growth of
semiconducting single-walled carbon nanotubes on substrate by
europium oxide. Nanoscale Res Lett 2010, 5:1578–1584.

19. Qiu HX, Maeda Y, Akasaka T: Facile and scalable route for highly efficient
enrichment of semiconducting single-walled carbon nanotubes.
J Am Chem Soc 2009, 131:16529–16533.

20. Zheng M, Jagota A, Strano MS, Santos AP, Barone P, Chou SG, Diner BA,
Dresselhaus MS, Mclean RS, Onoa GB, Samsonidze GG, Semke ED, Usrey M,
Walls DJ: Structure-based carbon nanotube sorting by sequence-
dependent DNA assembly. Science 2003, 302:1545–1548.
21. Li PF, Xue W: Selective deposition and alignment of single-walled carbon
nanotubes assisted by dielectrophoresis: from thin films to individual
nanotubes. Nanoscale Res Lett 2010, 5:1072–1078.

22. Zhang GY, Qi PF, Wang XR, Lu YR, Li XL, Ryan T, Sarunya B, David M, Zhang
L, Dai HJ: Selective etching of metallic carbon nanotubes by gas-phase
reaction. Science 2006, 314:974–977.

23. Yu B, Liu C, Hou PX, Tian Y, Li SS, Liu BL, Li F, Kauppinen EI, Cheng HM: Bulk
synthesis of large diameter semiconducting single-walled carbon
nanotubes by oxygen-assisted floating catalyst chemical vapor
deposition. J Am Chem Soc 2011, 133:5232–5235.

24. Gomez LM, Kumar A, Zhang Y, Ryu K, Badmaev A, Zhou CW: Scalable light-
induced metal to semiconductor conversion of carbon nanotubes.
Nano Lett 2009, 9:3592–3598.

25. Roberts ME, LeMieux MC, Sokolov AN, Bao ZN: Self-sorted nanotube
networks on polymer dielectrics for low voltage thin-film transistors.
Nano Lett 2009, 9:2526–2531.

26. Li J, Lu YJ, Ye Q, Cinke M, Han J, Meyyappan M: Carbon nanotube sensors
for gas and organic vapor detection. Nano Lett 2003, 3:929–933.

27. Wang C, Zhang JL, Ryu KM, Alexander B, Lewis GDA, Zhou CW: Wafer-scale
fabrication of separated carbon nanotube thin-film transistors for display
applications. Nano Lett 2009, 9:4285–4291.

28. Chen GG, Paronyan TM, Pigos EM, Harutyunyan AR: Enhanced gas sensing
in pristine carbon nanotubes under continuous ultraviolet light
illumination. Science Reports 2012, 2:343.

29. Song JW, Seo HW, Park JK, Kim JE, Choi DG, Han CS: Selective removal of
metallic SWNTs using microwave radiation. Curr Appl Phys 2008,
8:725–728.

30. Zandian B, Kumar R, Theiss J, Bushmaker A, Cronin SB: Selective destruction
of individual single walled carbon nanotubes by laser irradiation. Carbon
2009, 47:1292–1296.

31. Priya BR, Byrne HJ: Quantitative analyses of microwave-treated HiPco
carbon nanotubes using absorption and Raman spectroscopy.
J Phys Chem C 2009, 113:7134–7138.

32. Mawhinney DB, Naumenko V, Kuznetsova A, Yates JT Jr: Infrared spectral
evidence for the etching of carbon nanotubes: ozone oxidation at 298 K.
J Am Chem Soc 2000, 122:2383–2384.

doi:10.1186/1556-276X-7-644
Cite this article as: Chen et al.: Highly enhanced gas sensing in single-
walled carbon nanotube-based thin-film transistor sensors by ultraviolet
light irradiation. Nanoscale Research Letters 2012 7:644.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Background
	Methods
	Materials
	SWCNT network deposition and sensor fabrication
	Sensor testing system

	Results and discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


