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Polysilicon nanowires are synthesized using thé kredwn and
low cost technique commonly used in microelectrangustry:
the sidewall spacer formation technique. Polysiitayer is de-
posited by Low Pressure Chemical Vapour Depostitmhnique

polysilicon nanowires. These polysilicon nanowiegs first in-
tegrated into the fabrication of electrical deviessresistors and
electrical properties are studied in functionm&itu phosphorus
doping levels. [(T) measurements show that pobymili

on SiQ wall patterned by conventional UV lithography tech nanowires dark conductivity is thermally activatctording to

nigue. Polysilicon film is then plasma etched. Aeta control of
the etching rate leads to the formation of nandmeize side-
wall spacers with a curvature radius as low as O@ised as

1 Introduction

the Seto’s theory. In addition, field effect trasters made with
such polysilicon nanowires used as channel regighlight
promising field effect behaviour.

Copyright line will be provided by the publisher

ported the feasibility of undoped silicon NWs ahdit po-

Owing to their physical and electrical propertiesential applications for fabrication of field efteitansistors

SiNWs (silicon nanowires) represent a promisingeamat
with strong potential for a large variety of applions.
They are currently attracting much attention as ponents
for future nanoelectronic devices such as nanofiéte ef-
fect transistors [1], photonic and optoelectronivides
[2], and as chemical or biological sensors [3, SINWs
present large advantages with respect to bulkosifibigh
surface to volume ratio, possibility of surface dtionali-
zation, synthesis compatible with large area teldgyp
leading to the development of innovative electrode:
vices. SINWs development could significantly impact
eas of electronics, genomics, biomedical diagna¥isg
discovery.... They can be prepared by the top-dayn

[9] as biological sensors [10]. In this case, SiNjgvesent
a polycrystalline structure, and their electricahaviour is
expected to be different from crystalline SiNWs doe
higher defect density and carriers confinementastome-
tric scale. In addition, thanks to their higherfaoe to vol-
ume ratio compared to thin films, these polysilidg/s
are promising for charged (bio)chemical speciesatitn.

Polysilicon NWs based devices performances are

strongly correlated with NWs electrical propertiéfow-
ever, polysilicon NWs electrical behaviour has hetn
yet studied. Thus, prior to develop polysilicon NWased
devices for high efficient (bio)chemical sensingpléga-
tions, a well understanding of electronic polysiicNWs

proach, using various advanced methods such asra-beroperties is required. Here, we present a studyhef
[5], AFM [6] or deep UV [7] lithography. The mairiséd- polysilicon NWs electrical behaviour as a functiohthe
vantage of these advanced lithographic tools wathome- N-type doping level, and their potential applicagdn de-
ter size resolution rests on their high cost. Th#dm-up vices (resistors, TFTs) fabrication are demongtrate
approach usually consists in a metal catalytic gnoi8].

Thus, VLS (Vapour-Liquid-Solid) growth techniqueess 2 Experimental details

metallic nanoparticles as aluminium, nickel, goldThis The key nanowire fabrication steps are illustraited
approach suffers from both metal contamination &/ figyre 1 (a). At first, a dielectric film A is depited and
difficulty in precisely positioning the device Idaan. patterned into islands by conventional UV lithodrap

In this work, SiNWs are synthesized using a lowtCO$hen, a polysilicon layer is deposited by LPCVD
technique commonly used in microelectronic industing

sidewall spacer formation technique. Previous waeks

Copyright line will be provided by the publisher
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Aluminium is then thermally evaporated and eleatde-
fined by wet etching.

Static electrical characteristics 1(V) are collectat
room temperature using a HP 4155 B semiconducter pa
rameter analyzer. For current-temperature measumsme
in the range 200K to 530K, samples are placed énya
ostat in vacuum (18- 10* Pa) and dark current is meas-
ured using a Keithley 617 electrometer.

3 Results and discussion

polysilicon

nanowire
J Film A L‘

substrate |

Electrical properties of 10m length and 100 nm cur-

[11].
I(V) characteristics of the polysilicon NWs basedis-

(@)

Polysilicon NW

(b)

Figure 1 (a) Fabrication of polysilicon NWs by the sidewall
spacer formation technique, (b) polysilicon NWsdtheesistors.

(Low Pressure Chemical Vapour Deposition) technique
Accurate control of the polysilicon layer Reactil@en
Etching (RIE) rate leads to the formation of nantioe

vature radius polysilicon NWs are investigatedundtion
of the in-situ doping level. Such polysilicon NWs were
previously investigated by scanning electronic wscopy

tors are plotted in the figure 2 for 2X8@m?®< Cp < 2 x
10%° cm®. Thein-situ doping effect is studied through the
dependence of the polysilicon NW resistivity witbpihg
concentration as shown in the figure 3. The resigti
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size sidewall spacers that can be used as nanowihes Figure 2 1(V) characteristics of the polysilicon NWs basedis-

feasibility of this technological step was previlgusle-

tors at different phosphorus atoms concentrationlée (10pum

monstrated [11]. length NWs).
Phosphorus doped polysilicon films used for nanesvir 10°
are deposited by thermal decomposition of a mixiifre .
pure silane (Sik) and phosphine (P§idiluted in helium. oo B —
The in-situ doping level is controlled by adjusting the 10
PHy/SiH, mole ratio varying from 0 (undoped film) to 10°

1.2x10° (heavily doped film). The corresponding incorpo-
rated phosphorus atoms concentratiqp (@eviously de-
termined from SIMS (Secondary lons Mass Spectrogcop
analysis, varies from 2x10cm® to 2x13° cm®[12]. Sili-
con films are deposited in an amorphous state @iGand
90 Pa, and then crystallized by a thermal anneatingc-
uum at 600°C during 12 hours.

Thein-situ doped polysilicon NWs are integrated into
resistors (fig. 1 (b)) for electrical characteriaat The
nanowires are capped by a $i@yer deposited by Atmos-
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pheriq Pressure OChemical Vapour D(_eposition (APCV[I)—qure 3 Variations of the resistivity of the polysiliconVixs
technique at 390°C and contact openings are WlE@IC o g s the phosphorus atoms concentration.
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reaches 10Q.cm for the lightly doped poI%/L%ilTi]COH NWs.trapped carriers dominates. So, the corresponditigaa
Increasing the doping level from about 1X°1€m° results tion energy is related to the energy barrier neefied
in an abrupt resistivity drop of about 6 ordersyafgnitude emission of carriers into the conduction band frdeep
for only a factor of 10 further increase in dopicancen- |eyvels located into the bad gap associated witidues
tration. Beyond that range resistivity decreasd®wng ang/or structural defects. For high doping levetsi),
the same doping effect as in crystalline silicone®hape eq carriers diffusion over the intergranular terg, (in-

of the curve, quite similar to previously observegults uced by trapped carriers at grain boundaries) daies.

for in-situ doped polysilicon layers [12-13], indicates thq . . . . .
o : - this case, E= K, and it decreases with the doping level.
polysilicon NWs doping effect is in accordance wdtte In this model, N* is related to the quality of thelysilicon

?:;tl?ysagﬁ/ggd[.ml- In this model, the conductisntiier- layer both through the defects density at the goaimnda-

Figure 4 (a) presents the temperature dependencdi®$ and the lateral grain size. In our case N0 gnt’,
the electrical conductivityg, for different G values. The corresponding to the value obtained for previousliss
activation energy, £is deduced from the slope of the del12-14]- These results show that this electricalczetion
creasing linear curve at high temperatures. Thiatians Model can be applied for polysilicon NWs at higmpera-
of E, with C, plotted in figure 4 (b) highlight an evolutiontUres- _
in accordance with the Seto’s theory. Indeed, 6or tlop-  FOr lower temperatures, the slight dependences of
ing levels, it means below a critical concentratibe, E, With 1000/T is commonly described by the conduction
slightly decreases with .CIn this case, generation oflocalized states [15]. These states are associattd a

high defect density uniformly distributed along tR&Vs.
10° Two types of defects can be involved either locajeatt

10" the surface of the wire and/or ii) in the corelof polysili-
10° con layer. Indeed, in this last case, becauserti@phous
% silicon  crystallization  process begins at the
10 SisNs/amorphous silicon interface, the defects density (
o 107 Cp (atfem®) cluding grain boundaries) is higher in the inferpart of
o 10° o 210° the polysilicon layer (few nanometers thick) comnsing
10° 5 310° the nanowire. For the lowest temperatures randees not

10 0%, L 2108 depend on temperature, indicating tunnel conduction

o0 3.10 through these defects.
-11 Os 17

1012 %QO v 5'1016 Our results highlight the good control of the dapin

10 oy, 0 210 level on the 100 mn long curvature radius polysiiddWs

1071+ - - — . over a wide range, with a doping effect similaptaysili-

2 3 4 S 6 con layer [12-14]. This study shows that despit liigh
1000/T (K™ defects density within these polysilicon NWs, theseno

(@) significant doping species segregation at grainnbaves

affecting doping efficiency. In addition, thanks tbeir

0.6+ high surface to volume ratio, such doped NWs acenjs-
ing candidates for optimized devices devoted torgedth

054 O > . : . .

| \ (biological and/or chemical) species detection.

0.4- = Thin Film Transistors (TFTs) are fabricated (segifé
] 5 (a)) using undoped polysilicon NWs following thgn-
3 0,34 thesis method described in section Il. In our ctse sub-
w® ] strate is heavily N-type doped crystalline silicwafer act-

0,2 0 ing as gate electrode. The film A is a 100 nm tHsiN,

] layer deposited by LPCVD technique at 600°C. Seurc

0,1 and drain regions are made of heawilysitu N-type doped

. polysilicon layer deposited by LPCVD technique. sThi

0,0 - - layer is patterned by reactive ion etching with, lasma

e = " " " ” before thermal evaporation of aluminium used fourse
10 10 10 10 10 10 and drain electrodes.
C, (atem™) Field effect behaviour displayed on the figure § (b
(b) shows a switching ratio ~ 4Gnd good ohmic contacts

. o N _(see inset of fig. 5 (b)). Threshold voltage;, \nd opti-
Figure 4 (a) Arrhenius diagrams of polysilicon NWs conducti mum field effect mobility,u, are determined according to
ity for various phosphorus atoms concentrationsVériations of the classical conduction electrical model used tioe

the corresponding activation energy of the conditgtversus the \OSFET (Metal Oxide Semiconductor Field Effect Tran
phosphorus atoms concentration.

Copyright line will be provided by the publisher



©CoOoO~NOOOUOTA~,WNE

Author, Author, and Author: Short title

Polysilicon NW

N*type Si poly
I:I Al
(a)

:|.X:|.077 E T T T T T T T T

1x10°

(A)
=
X
Y
o

o

1

1x10™%+

10’“-;
40 0 10 20 30 40
Ves V)

(b)

Figure 5 (a) Schematic illustration of the polysilicon NWased
TFT. (b) Transfer characteristics (W/L = Qrfy/10um,
Vps = 4 V). Inset: output characteristics /= 1 V to 4V,
step 1 V).

sistor) [16].u is deduced from the maximum slope of th

Ips(Vgg) curve (transconductance) plotted in the satunati
mode and Y is determined by the intercept of th
Ins”®(Vs9) curve with the gate axis voltage. The low fiel

effect mobility (~ 3 crfYVs) and the high threshold voltag

nm curvature radius polysilicon NWs is demonstratedi
thus it makes them good candidates for the faloicatf
electrically controlled thin film devices, partieuly for in-
tegrated chemical and/or biological sensors.

The next step of this study will consist in therfal-
tion of lower curvature radius polysilicon NWs
(< 50 nm) and to study their specific electricaderties at
nanometric scale and their ability for fabricatiohopti-
mized high sensitive and low detection level cheinic
and/or biological sensors.
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