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Abstract

Silicon nanowires (SINWSs) are synthesized followtag methods: i) the VLS (Vapor-Liquid-Solid) grdwtechnique (bottom
up approach), and ii) the sidewall spacer fabiecaftop down approach) commonly used in microededtrindustry. The VLS
growth technique uses gold nanopatrticles to acitia¢ vapor deposition of the precursor gas artthi@ia 100 nm diameter
SiNWSs network growth. In the case of the sidewpdcer method, a polysilicon layer is deposited BYCVD (Low Pressure
Chemical Vapor Deposition) technique on Si@ll patterned by conventional UV lithography teicfue. Polysilicon film is
then plasma etched. Accurate control of the etchamg leads to the formation of spacers with ar@Qcurvature radius that can
be used as polysilicon NWs. Each kind of nanowiseimtegrated into resistors fabrication. Electriceeasurements show the
potential usefulness of these SiNWs as chemicaassn
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1. Introduction

Semiconducting nanowires are currently attractingcim attention as promising components for future
nanoelectronic devices such as nanowire field eff@msistors [1], photonic and optoelectronic desi[2], and
more particularly as chemical or biological send88]. The need of a fast and precise detectionanfy disease
symptoms, as well as the need of environment sabetyomes now the main leitmotiv of the societaledtgpment.
The incorporation of semiconducting nanowires ich@mical and biological sensors applications rexei® great
interest. As their surface can be sensitive to gdhrspecies combined with their high surface taiwa ratio,
semiconducting nanowires are the subject of intemesearch activities for high sensitivity chemiansor
fabrication.

The first application of silicon nanowires (SiNWg)biological and chemical sensor was reported i@pér's
group in 2001 [3]. As SiINWSs synthesis can be coibjmto the established Si technology, SINWs bassusor
integration will allow a lower manufacturing cost,addition to the advantageous electronic featofesmbedded
detection and signal processing in silicon techgglolhe intrinsic reliability of the well-known séconductor
CMOS (Complementary Metal Oxide Semiconductor) pssclso guarantees a reproducible and reliabimalsis.

SiNWSs can be prepared by the top-down approachgusrious advanced methods such as e-beam [5], [8FM
or deep UV [7] lithography. The main disadvantadetheese advanced lithographic tools with nanomsiee
resolution rests on the high cost generated. Aerradtive way to synthesize SiNWSs is the bottom+opraach that
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usually employs metal catalytic growth. The mosmowonly used growth technique is the VLS (Vapor-lidgu
Solid) method using metallic nanoparticles. Theaheatalyst used is usually gold although otheratseare also
employed [8]. However, this approach suffers frawa difficulty in precisely positioning the device.

In this work, two types of SiINWs are synthesizedhaut requiring costly lithographic tools, follomg the VLS
growth technique (bottom up approach), and thevstlespacer realization (top down approach) commaisied in
microelectronic industry. These SiNWSs are integtateéo low temperature (< 600°C) silicon technolaggistors
fabrication and their ability as sensitive unit fanbiance detection is demonstrated.

2. Silicon nanowir es synthesis and devices fabrication

High density Au-catalyst VLS-SiINWs network is syesived by LPCVD (Low Pressure Chemical Vapor
Deposition) technique at 480°C and 40 Pa usingeiles precursor gas. Such SiNWs are integratedésistors
(figure 1). First, a heavily phosphorowssitu doped amorphous silicon layer is deposited by LPQ¥@hnique at
550°C and 90 Pa on a substrate (silicon wafer assgbubstrate) capped with a SiDffer layer. Subsequent solid
phase crystallization is performed at 600°C undsuum to get a highly doped polycrystalline sili¢polysilicon)
film. This film is then patterned by Reactive lotthing (RIE) to define the geometry of the combpghalectrodes
(interdigitated structure shown in figure 1 (a)u #hin film (€ 5 nm) is then deposited by thermal evaporation and
locally removed using a lift off technique in orderdefine precise location for SiINWs growth. Daehe length of
the SINWs which can exceed 20 um, bridges and SiNMssing contacts ensure the electrical connebigdween
these two heavily doped polysilicon islands leadingthe formation of resistors in a 3D configuratidrlhis
synthesis results in a tangled growth of 100 nnméiar SINWs. LPCVD parameters are chosen in oaewbid
silicon deposition on areas uncovered with Au fiim (figure 1 (b)).

The sidewall spacer method is an alternative wagytihesis SINWs in a 2D configuration. At firstdiglectric
film A is deposited and patterned into islands byventional UV lithography. Then an undoped polgsih layer is
deposited by LPCVD technique. Silicon film is dejped in an amorphous state at 550°C and 90 Patteam
crystallized by a thermal annealing under vacuurBCt°C during 12 hours. Accurate control of theypibicon
layer RIE rate leads to the formation of nanomesize sidewall spacers that can be used as narsoviite
feasibility of this technological step was previlyuseported [9]. Thus, 1@im length polysilicon NWs with a 100
nm curvature radius are synthesized and integiatedesistors devices in coplanar structure (&g2y. In this case
contacts electrodes are made of thermally evapmbralieminum and defined by wet etching. Finally arthal
annealing in forming gas @H,) is carried out to ensure good electrical contacts

Silicon nanowire N*type polysilicon

' oa@a9se

Gold catalyst
(a) (b)

Fig. 1. VLS-SiNWSs based resistor: (a) schematiavyigp) SEM picture (100 nm diameter SiNWs grow fréun deposited on local areas on half
teeth)
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Fig. 2. Spacer method polysilicon NW based resig&rschematic view; (b) SEM picture of 100 nmvature radius polysilicon NW (cross
section view)

3. Results

For SiNWSs based resistors electrical sensitivityasugements, samples are placed in an isolated @naahlvoom
temperature. Static electrical characteristics 1@fe collected using a HP 4155 B semiconductor rparer
analyzer. Control humidity in air environments aghieved using a humidity/temperature measurintesyd esto
635.

Typical I(V) characteristics of the two differeniN$Vs based resistors plotted in figure 3 show #esibility of
such SiINWSs based devices. The chemical sensitifitiiese SINWs based resistors to smoke and hynirddir is
displayed in figure 4. Upon exposure, resistandeusad to dramatically decrease over 3 orders ajnitade for the
two SiNWSs based resistors. These results inditateMLS-SINWS and polysilicon NWs are extremelystve to
humidity and smoke respectively. In addition, tihectical response of polysilicon NWs under smokpasure is
guasi reversible suggesting that SiINWs could bealele after exposure

As the gas molecules adsorption occurs at the SiNMv&ce, effects are electrically transferredh ¢rystal
bulk. Such interactions induce significant changeshe carrier transport along the nanowires ang muffect
SiNWs resistance in different possible cumulativeeysv First, as the SINWs conductance can be madulag an
applied voltage [10], gas molecules binded on SiNs\iface can modulate their conductance by chantjiag
volume of the conductive layer. In this case, smakéd water vapor may act as chemical gates. Iir etbeds, it
means that the Fermi level of the Si nanowireshiftesl reducing the sample resistance. This phenomenay
occur on the two SiNWSs structures. Moreover, carttiansport depends on structural nanowires defé&ais we
have to consider effects of grain boundaries (spamthod — SINWSs) and contact resistance betweanwiges-
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Fig. 3. I(V) characteristics of the SINWs basedstess: (a) VLS method (current depends on theespatween teeth, w, and the number of
teeth, n) ; (b) spacer method.
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Fig. 4. (a) Resistance variations versus relativaitity of the SINWs based resistor (VLS methob),Resistance variations versus exposure
duration to smoke of the polysilicon NWs basedstesi(spacer method)

VLS - method). Through charge exchange, gas mascatisorbed may play a significant role in decnegtiie
potential barrier height at the tunnel junctiontwbd crossed SiNWs (VLS method) or the potentiafieaheight at
the grain boundaries between two grains (spacenadigtPrevious work reported such effect [11].

4. Conclusion

In summary, we report the SiNWs synthesis usingobotup and top down approach&hese nanowires,
integrated into resistors electrically tested, shbeir sensitivity under exposure to smoke and klitsnidue to
ambient charged species detection. The resulte seryproof-of-concept for a new kind of SINWs assgieve units
for high performance integrated chemical sendeusther work will focus on the SiNWSs surface funotilization
as well as on the optimization of the surface /mmuratio to get high sensivity sensor.
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