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Table 1. Comparison between field strengths £, derived from relative-abundance measurements and field strengths £y, characteristic of field evaporation
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W.. 1. Tip-Sample Interaction
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W.v. 4 Tapping Mode
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w.n. 1 Electron beam lithography (EBL) **
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9 deu'ly 30kV-100 pA

nm Section Analysis
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A Single SnO, Nanowire Gas Sensor
Nikorn Mangkorntong® and Meechai Thepnurat

Network for Excellence in Functional Nanomaterials, Faculty of Science, Chiang
MaiUniversity, Chiang Mai 50200, Thailand

*Corresponding anthor. E-mail address: nikornm@gmailicom

ABSTRACT

Generally, a gas sensor is fabricated either in bulk or thin film form. But
in this work, a single SnQ; metal oxide nanowire of about 100 nm in cross-
section has been used as the sensing part of the sensor. A special technique
employing a focused ion beam (FIB) has been used in fabricating this device,
which is a resistive type. A set of electrodes has been attached to the sensor by
30 kV Ga+ focused ion beam/chemical vapor deposition (FIB-CVD) with a cur-
rent of about 10 pA. Details of the fabrication and the characterization of the
sensor will be discussed.

Keywords: Nanodevice, SnO, nanowire, Sensor, FIB.

INTRODUCTION

Recently, nanestructures like nanowires and nanobelts have gained ¢on-
siderable attention due to-their potential in the development of smart functional
materials and devices (Ramgir et al.; 2005).

Nanowires grown from a SnO, semiconductor may be successfully used for
gas sensorapplications (Li et al., 2007). These nanowires have high sensitivity and
response because the reduction in grain size of tin oxide leads to an increase in
sensitivity due to the high surface-to-volume ratio (Xi et al., 2008). For example,
Ramgir et al., (2005) reported synthesis of Ru-doped SnO, nanowires, which
enable the highly sensitive detection of various test gases and their distinctive
response towards NO, and liquefied petroleum gas (LPG) in air. However, such
nanowires have a grain boundaries nanestructure, so they cannot respond to some
gas values.

Nanostructures. comprised of a single nanowire do net have grain bound-
aries. Therefore, the electrical transduction effects induced by the adsorbed gas
maolecules onto the surface of these nanowires can be revealed straightforwardly
by the electrical magnitudes of these single nanocrystals. They can be fabricated
even with low gas values. For example, Hernandez-Ramirez et al., (2006) reported
high response and stability in CO and humidity measurements using a single SnO,
nanowire.

A gas sensor fabricated from a single nanowire can be prepared by attach-
ing microelectrodes on to the wire. This can be archived by several means such as
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lithography processes or foeused fon-beam/chemical vapor deposition (FIB-CVD).
The FIB technique is suggested as a simple method-of gas sensor fabrication based
on a single nanowire; with only a short fabrication time.- For example, Vila et al.,
(2005) reported fabrication of metallic contacts of nanometer-sized materials using
a focused ion beam (FIB).

I this work, a single SnOQ, metal oxide nanowire in cross-section was used
as the sensing part of the sensor, A'special technique employing a foeused ion
beam was uséd to fabricate this resistive-type.device.

MATERIALS AND METHODS

SnOj nanowires have been' grown by various methods based.on vapor-
liquid-solid (VLS) /mechanisms .in” evaporation/condefisation or chemical vapor
deposition processes (Li et-al;, 2007). In all cases. under different growth condi-
tions, it has been possible to-achieve-exeellent results using a single nanocrystal,
which presents a different crystallographic orientation and faceting:

A SnO, nanowire-was placed onto an already-processed SiOy/S1 substrate
wafer. After being installed onto the substrate the;sample was taken inside an FIB
chamber. In imaging mode, it was observed that SnO, nanowires were dispersed
on the surface of the SiO,/Si wafer (Fig: 1). The sample was inspected using a
SEM to search for individual nanowires-and a single SnO, nanowire, 50-100 nm
long and 50-100 um wide was selected. Then, four electrodes were deposited
onto the nanowire, using the FIB. A set of electrodes was attracted to the single
SnOj nanowire by 30 kV Ga™ FIB/CVD-assisted deposition using a gas injection
system (GIS) of-platinum ((CH;);P{C,CHy)) with a current of about 10 pA. In
fact, 4 couiple of contaets are fabricated near cach extreme of the nanostructure,
requiring as/much as about 10 um. Thus the remaining significant length of the
nanowire, mofe than several microns, is free of any feature relative to the contact
fabrication (Fig. 3).

100nm_ WD 15 8mm

Figure 1. SEM micrograph of SnO, nanowires.
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SnO,
nanowire

Pt wire 4

Substrate ———

Figure 2. Diagrammatic view of FIB-assisted fabrication process.

RESULTS AND DISCUSSION
Fig. 3 shows an SEM image of a single nanowire device which-has been
fabricated by FIB-CVD. The device was about 90 nm in width and about 17 jum
in length between two electrodes, respectively. The total fabrication time was
about30 minutes, using an ion beam currént of 10/ pA:

Figure 3. Close-up view of the device.
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Fig. 4(a) showsthe EDX result-taken from.the middle part of the SnO, wire.
Three elements wer¢ found, namely Sn, O, and Si-with.the atomic percentages of
0.5, 4.0and-95 4, respeetively. This indicates that SnO;-wite was the sensing part
of the device.

In"Kig. 4(b), an electrode which was fabricated by an FIB~CVD process has
been examined. In this-eas€ Ga and Ptwere also observed jin addition to Sn and
Si. This indicates.that Gagand Pt from the fabricdtion process-played an active role
ineonnecting€lectrodes to the SnO, wite to form a Sensor.

Elemgit Weightty | Alomiiegs

- +
QK 4,00

SiK 95,38
L)

snl 0.53
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Full-8cale 550'cts Cursor: 0.000 ke

Figure4, a) EDXuresults taken fronn(hé middle pért of the SnO} wiré,

Elemgnt A" Weightds | Atomics

UK IEZ Ry 93 5
]’iui: ,
Sn | |
Pl .

241998
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2 4 6
Full Scale 550 cts Cursor: 0.000

Figure 4. b) EDX results taken from the SnO, wire at the electrode region.
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The fabricated device was tested for its-sensing properties by means of 4-
point probe measurement with ethanol-concentration of-about 1000 ppm, at room
temperature-of about 27°C:

1M —r + T T T T T g T

1ou~: ‘ : s : ) -OY
aM <
aM
TM:

M 4

Resistance(Q)

5M ~

AM -

M v T + T ) T T v T
o 100 200 300 400 500 600

Time(sec)

Figure 5. Response and recovery charactéristics of SnO, nano'wire sensor under
ethanol vapor concentration of 1000 ppm at.room femperatiire.

Figure 5 shows the characteristic_ response of the gas sensor when tested
with ethanelvapor inambient atmosphere. It was observed that its sensitivity was
quite.good about,2.5 with a fairly.sharp-response time which normally could not
be obseryed for/sueh a gas sensor at room temperattre. Further deyelopment and
study of'the sensor properties will be discussed elsewhere.

CONCLUSION

In“this works a single nanowire device has been fabricated by utilizing a
dual focused ion beam: This demonstrates that-any miero or nanodevice can be
easily fabricated by this kind of machine and the device trends to have a superior
characteristic compare to a conventional one.
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Poster Presentation

Focused lon Beam Technique for SnO, Nanobelt Gas
Sensor Fabrication

M. Thepnurat, 8. Phadungdhitidhada and N, Mangkemtong”
Nanoscience and nanotechnology eenter project, Network for the excellence in functignal-

nanomaterialsStNANOTEC Center of Ex¢ellence), NSTDA, Faculty of Scienee, Chiang Mai
University, Chiang Mai 50200, Thailand.

A special technigue employing focused ion beam (FIB) has been used for fabrication of a
single SnO; nanobelt gas sensor. A SnO; nanobelt, 100 nm'in thickness and 500 nm in width,
was used as the sensing part of the sensor. Platinum electrode lines of the sensor were
patterned by focused ion beam Chemical vapor deposition (FIB-CVD) method. Energy
dispersive spectroscopy was used to characterize and confirm the material type of the sensor.
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Figure 1 (2).(b)A single'SnO; nanobelt of about 100 nm in.thick onto the SiQ; substrate. (c)
FIB had fabricated a single SnO- nanobelt that'is the bridge.

SEM

Sn0,
nanowire

S by . ‘
. {:1] [h] (c)

Figure 2 (a) Taken in side of the FIB chamber and a set of the sample on to the substrate at
52" (b) FIB had fabricated a single SnO, nanobelt electrodes device.(c) A single SnO-
nanobelt wiht electrodes

Figure 3 (a) FIB had fabricated a single SnO, nanobelt itwo electrodes device (b) A single
Sn0; nanobelt with four-electrodes.

Figure 4 (a) EDX results and image of a device on the single nanobelt. (b) EDX results and
image of a device on the single nanobelt electrodes device.

106
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A simple fabrication of silver nano bath
for biosensor applications

Nikorn Mangkorntong, Meechai Thepnurat and Pongsri Mangkorntong

Nanosciénce and nanotechnology center project, Network for the excellence in functional-
nanomaterials(NANOTEC Center of Excellence), NSTDA, Faculty of Science, Chiang Mai
University, Chiang Mai 50200, Thailand.

Generally, most of biosensors have been fabricated either in the micro or nano electrodes
forms. In this work, a fabrication of thin film nano silver bath by electrochemical method
is reported. Firstly, a pair-of platinum electrodes has been deposited onto a substrate by
means of FIB-CVD. Then a thin layer of silver has been formed inside the nano-gap
between the pair by means of electrochemical deposition. This silver nano bath is then
can be used as a biosensor for electrical characterizing of micro organisms. A yeast
sample has been employed for a demonstration of such applications.

Keywords: Nano silver biosensors, FIB-CVD, Nano bath.
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A simple fabrication of platinum nano-electrode for Escherichia coli biosensor

Méechai Thepnurat, Suvit Thanasanyorakun, Suwit Wongsila ',
Morakot Sukchotiratana and Nikorn Mangkorntong

Nanescience and nanotechnology eenter-project and Network for the excellence in
functional-nanomaterials (NANOTEC Center of Excellence) NSTDA,
Faculty of Science, Prince of ‘Semgkla University, Hat Yai, Songkhla 90112 Thailand
Institute forscienceand technglogyresearchand development;

Chiang Mai University, Chigng Mai 50200, Thailand
* Corresponding atthore-mail address: tapmeechai@hotmail.com

Abstract

Highly sensitivity determination of Microbial cell density is one of the very important
subjects in the field of the fermentation process monitoring, environmental monitoring, food
industry and clinical chemistry. The counting of the microbial colony on the plate medium is
widely used, but this method is generally time-consuming. This study is motivated by the recent
advances in the fabrication of nanostructure material and its purpose for applying in biosensor
areas. The tradition of focused ion beam/chemical vapor deposition (FIB-CVD) process was
employed to construct a thin layer of platinum (Pt), performed as Pt-' nanoelectrode, for
characterizing eclectrical response of micro-organisms., This device was tested. with the
Escherichia coli (E-coli) at room temperature. Given these advantages, Pt- nanoelectrode
biosensors appear well suited for implementation in portable micro devices directed /at, for
example; the rapid detection of pathogens, Details of the fabrication and the characterization of
the sensor will be discussed.

Keywords: Escherichia coli biosensors, Biosensors, FIB-CVD;! Pt nano-electrode.
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Abstract

Semiconducting oxide 1D nanomaterials have attracted considerable attention because of their unique
electrical, optical, and mechanicalproperties as a reésult of theirlow dimensionality and the quantum confinement
effect, Among these semiconductors; the-rutile form of SnO, is one.of the interesting materials..In this work a
simple synthesis'of nanowires-of S_nC')z in-which_theip-high purity single-erystalline form has been successfully
prepared at 800°C from the mixture powder of SnO, apd.carbon in the ratio of 1:5 (w/w). Their morpholagies,
purity (of the products were characterized by transmission electron microscopy (TEM), selected atea electron
diffraction-X-ray diffraction, scanning electron microscope (SEM).and Raman spectroscopy, respectively. fhen
‘a gas sefsor has been prepared by-attaching microelectrodes on to a nanowire using a focused ion-beam (FIB)
fabrication technique. Its ethanol sensing property was-observed by means of four-point probe method. Details
of the fabrication and the characterization of the sensér have been discussed.

?ﬁns and objectives
. Low-dimensional semiconductors offer interesting physical jphenomena and the possibility to realize a
nov?el device based on its nature and dimensionality, espécially for a 1D structure. Metal oxide have attracted
considerable attention for a leng time for their gas sensmg property due to_their advantageous features, such as
higher serisitivity to damhbient conditions, lower €ost, and simplicity.in fabrication. Among these semiconductors,
the rutile forrh.of SnQ, is one of the interesting fnatenals It is-ar h-type semiconductor witha'wide band gap of
3.6 eV at room temperature,/and.is well known for its applications in gassénsors 1], capacitors [2], transistors [3],
and solar cells [4].\So far, considerable effort has been devoted to[the synthesis of nafostructured SnO, materials,
including nanopaniéfes;_=,ganowires, nanorods, and hanobelts {5-8]. Recently; itshas been reported that SnO,
nanowires are promising for'sensors.due to the high sur‘l‘ace—to—volum_gyﬁﬁ'. high purity due to its the single
crystalline structure and consistent sizéwhich results n easy.to pmd’ucé a complete depletion of carriers inside
the wire [8]. Therefare, the tin oxide nanowires have been widely empinyed as sensors for ethanol, CO.and other
" gasgs, mostly in the bulk form [9-10]. So’ 'l%,r &ngle w1re form has beg:rrepprted 3n|y fqr ca(pon monoxide sensor,
butmot ethanol sensor [11]. | ra l
. It is Well'khown that one of the most| 1mﬁbr1ant issues for tali’ﬂhﬁhg the sensor’s"?éspnnse [12] which directly
related to.its surface to volume ratio. Nanowire form has a very high such ratio. Actually, to,study gas sensing
meghahlsm of a single nanocrystal is still a challenge. One of the main reasons to explain this lack of expefimental
studies is that there are many difficulties in performing reliable electrical contacts on a single nanowire using a
controllable fabrication process performed.at the nanoscale leyvel. The most common techniques are optical- or
electron-beam Ilthography& Nevertheless, both tgchnlques ar% multi-step and time consuming processes and
they are difficult to tailor for a single and specific sample. For all these reasons, an alternative process based on
FIB technique has been developed and applied as one option which, experimentally, helps to solve problems
related to conventional lithography processes. The use of FIB enabling in situ capture of electron images and
simultaneous dissociation of metal-organic compounds with the incident electron beam, as ion-beam induced
deposition process [13].
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In this work, the preparation of SnO, metal oxide nanowires was presented and their structures were
characterized by means of SEM, TEM, SAED, XRD and Raman spectroscopy. After that a single SnO, nanowire
was fabricated as a gas sensor for detecting ethanol vapor. The details of its sensing characteristics were
observed and discussed.

Materials and methods

SnO, nanewires were prepared by thermal oxidation process. The starling materials, tin dioxide (SnO,)
and carbon (G) powders were mixed in‘aratio of 1:5 (w/w) and then were hand-grounded in.an agate mortar with
polyvinyl aleahol (PVA). After that, the mixture was.sereened onto the alumina substrate and placed in an alumina
boat with copper-oxide powder laid-ufiderneathdhe substrate. Thewboat was then rapidly heated.in a horizontal
tubedurnace which had been képt at the temperature of 8902€, for 1 hr. ifpormal atmospherig pressure, without
any inert gds!

interder to separate the nanowires agglemerates into individual and selectable single wire; ultra-senication
of the wires was carfied out in ethanel”Then;a drop-of the'solution.was dispersed ento the surface of a Si0,/Si
wafer. Generally, electrical gle€trode attachment ¢an be achived by.several means such as lithography processes
or focused ion-beam/chemical vapordeposition (FIB=CYD). However inthis case.only FIB technique is suggested
as the simplest and most reliable methad, with a short fabrication time. The sample was inspected using a SEM to
search,for a single SnO, nanowire, 50-100 nm wide and50-100 pm long and selected. Then, four electrodes were
déposited anta the wire, using a FEI Quanta 3D Dual Beam FIB,'employing 30 kV Ga* FIB/CVD-assisted depositions.
Agas;injection system (GIS) of platiatim-(CH,),CH,CH, Pt)‘with a current of about 10 pA. Coriseguently, Ga and
Pt fromr'the fabrication process played an active-rolein connecting elegtrodes to the SnO, wire to-form a sensor.

Results'

The nanowire obtained from the furnace is in the form of agglomerates, with the indiyidual nanewires
intertwined with one another. Some of the nanowires can/be @s long as 800um but'tangled-te each other. The
SEM image.n Fig. 1 reveals and confirms that they formed into wire-like and rod-shiaped nanowires of about 100
- BOO\micremeteérs in length and 30-200 nm in width. The three observed Raman peaks at 474,634 and 774 cm!
indicate, the typical rutile phase of the Sn0O, which.is in‘agreement with_:lhe"x-ray diffraction results. The X-ray
diffracﬁe_n (XRD) pattern (in Fig. 2}ef Sn0, nahowires shbwed‘lhat jhere_were 8 peaks with 20 values of 26.48,
33.87, 37.91,.38.98,.51.72, 54.85, and 57.97-comrespondingto SnO, crystat'planes of (110),4101), (200), (111),
(211), (220), and\(002), respectively. All the diffraction peaks can be indexed to the tetragonal rutile structure of
SnO, with lattice anstants a <b £4.734 A and c=3.185 4, Tespectively,'consistent with the standard values of
bulk SnO, (JCPDS 880287)--In addition, no characteristic peaks of CuO, which.used in the fabrication process,
were observed. Thus, the Xﬁﬂtﬁéﬁﬂf implies that the as-synthesized-produet was pure rutile SnO,. A TEM bright
field image of a selected nanowire revealedithat it was a single eryéféﬂJine without any dislocation. The inset SAED
pattern of the nanoWires was recorded with the electron beam along [020]. From the SAED, the growtivdirection
of.SnO, nanowire Was found to be [101], in dgreement with other reports [14],

~

Fig. 1 SEM image of agglomerates SnO, nanowires.
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Figs 4 A-single SnO, nanowire sensor with 4 point.probe electrodes.

The chemical characterization by EDX of the Pt stripes reveals an important contamination. Pt content
was about a guarter of the deposited materials, whiles C was always-present in coneentration > 65% and some
Ga (8%) was also present too. These results came from the decompasition ©f the metal organic compound By
the ion/electron beam.. It is believed that:this high carbon contamination is the responsible of the higher resistivity
shown by the Pt stripes.in comparison with the pure Pt, several tens of times for the ion assisted and higher for
the electron assisted due to thelack of gallium. So-accerding to these results, it should be kept in mindthat |
the deposition performed with FIB are rather a carbon rich'matrix doped with platinum ‘and galliumn. In spite of
these characteristics; one can accept this procedure of nano contact fabrication as a reliable method to have
electrical access to study the charge transport properties of the nanoestructures if the four point probe technique Y
is employed. These contaCts show excellent electrical stability as a function of time and applied current density. l
Therefore, they fulfill the requirements to fabrication of a tiny good and reliable device. No degradation in this kind
of contacts was observed after applying constant current for several minutes [11].
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The ethanol sensing response of the fabricated device was observed by the 4-point probe measurement
technique in which the sensor was exposed to ethanol vapor of 1000 ppm in concentration and at ambient
temperature of about 27°C. In this experiment the current used was about 1-700 nA so that the current density
of the wire was not exceed 10* A/cm? othenwis ould be damaged. At room temperature, the device
showed non-linear behavior pessib om the P anewire junctions, which form a Schottky
barrier of height ®B V in the ag fi 1edwtat ving, to the difference between the
Pt work function [d .65 e no, = 4. /) [15] This 4-point probe
measuremen figuration WMS a ba%
at the bia rent increases since.the dblasusnncre

reduced W
q 0
: N/
; . wgﬁ“;{ﬂ,
~—r & 720
Fig. 5 Non-linear charg ---:-’1 s/of the nanocontact of Pt-Sn0O,.

,ﬂ I-V eurves also show a dependence\on the temperature The non-linear beha reduced as
e ture increased and generally non-predominant over 200°@, (Fig.5). Thus/for a c tional sensor
e working temperature would be kept at a temperature‘higher thah 200°C. That why a is required for
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Figure 6 shows the characteristic response and recovery of the gas sensor when tested with ethanol
vapor in an ambient atmosphere. It was observed that its sensitivity was quite good about 2.5 with a fairly sharp
response and recovery which normally could not be observed from such a typical gas sensor at room temperature
and without heating. Further developme S of the sensor properties will be discussed elsewhere.
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