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1. Introduction

Semiconductor nanowires (NWSs), which are thin
one-dimensional wire structures, are promising nedtéor
future device application such as field effect siators
(FETSs), light-emitting devices, and so on. To buifal such
nanostructures, bottom up approaches utilizing grow
technique are used. In particular, selective-aregalor-
ganic vapor phase epitaxy (SA-MOVPE) is a cataflyest-
method and can control the size and position of NWisis,
it is expected to exhibit excellent properties dadoffer
wide variety of applications as compared to thasevg in
generally used vapor-liquid-solid (VLS) mechanism.

So far, many groups, including ourselves, haventego
on the lateral NW-FETs [1-3] using NWs detachedrfro
grown substrates. However, it is difficult to canitthe po-
sition of devices and practical integration is asinmnpos-
sible in such approaches. Thus, it is importantealize
position-controlled NW array and use them in argiswvn
form. This kind of approach also enable us to reaNW
vertical surrounding-gate FETs (NW-VSGFETS), in e¥hi
the gate is formed so as to surround the NW chaiesd-
ing to the suppression of short channel effects.date,
however, very few groups succeeded in their dematisi
[4-6] because of difficulties in complicated thrderen-
sional processing.

on Si substrate has attached great deal of atteh8cause
of their superior material property, for instankgh mobil-
ity, to realize high-speed and low-power consumpfile-
vices as well as of the possibility of integratiith opto-
electronic devices. One of the difficulties heretdsover-
come the lattice mismatching issues of heteroepitebxich
is inevitable in the conventional planar growthhiealogy;
however, with NWs having small foot print, it isotight to
give a significant breakthrough on their integration Si
platforms. Recently, we have succeeded in the draft
periodic array of vertical InAs NWs on a Si subteray
SA-MOVPE [7].

Here, we describe the fabrication of NW-VSGFET us-
ing InNAs NWs on Si substrates.
2. Experimental
2-1. SA-MOVPE growth of NWs

After thin SiQ film was formed on an n-type Si(111)
substrate by thermal oxidation, periodic mask opgsi
were formed by electron beam lithography and wetah
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cal etching. Then, InAs NWs were grown on the pdyti
masked substrate in the low-pressure horizontal-RRBV
system, supplying trimethylindium (TMIn) and Agkhs
source materials. Growth condition is as followsrtal
pressure of TMIn, [TMIn] = 4.87x1(atm, partial pressure
of AsHs, [AsHg] = 1.25x1C%atm, growth temperature =
560°C, growth time = 20min. To realize vertical [lI-V NW
array on Si substrates, special care was takerrepape
As-terminated (111) surface on Si prior to the gtoviDe-
tail of the growth process is reported elsewheteHigure
1 shows typical InAs NW array grown on n-Si sulistra
The length of the NW is 1.5um and their diameterd6nm,
which is almost the same as the mask opening size.
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Fig. 1: SEM image of InAs NW array on Si substrate.
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Fig. 2: Device fabrication process of NW-VSGFET.
2-2. Device fabrication process

Figure 2 summarize the fabrication process of
NW-VSGFETs. After the growth (Fig.2-a), NWs were
covered with high-k dielectric (HfAIQ) by atomic layer
deposition (ALD) for gate dielectric and for institey layer
between a substrate and a gate metal (Fig.2-b)t, eng-
sten (W) was deposited as a gate metal by plasotéesp
ing and its contacting pad area were defined bygliti@o-
graphy process (Fig.2-c). To remove the gate nmetal
high-k dielectric resides on the top portion of NV{so-
tecting layer was formed with benzocyclobutene (BCB



Dow chemical), which was firstly spin-coated andbrth
etched back to the desired thickness by reactivesiohing
(RIE) using Q and CH, followed by wet and dry etching
of W (Fig.2-d). Figure 3-(a) shows an SEM imagettuf
structure at this step. Note that this step deteemthe gate
length of NW-FET, and was 500nm for the presenicstr
ture. After that, the structure was spin-coatediragdth
low-k BCB for the separation layer between gate éwain,
and it was etched-back by RIE to expose drain regfahe
NWs. Ti/Al was evaporated on the top of the NWsdmain
metal, and its contacting pad area was defined Hntop
lithography(Fig.2-e). An extra BCB layer existing ¢the
gate contacting pad area was removed by RIE atsthjs
Finally, source metal (Ti/Al) was evaporated on baek
side of the Si substrate and rapid thermal anngalias
carried out to obtain ohmic contact (Fig.2-f). Figu-(b)
shows a schematic of device structure.
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Fig. 3: (a) SEM image of device structure aftelegaibcess
(b) Schematic of NW-VSGFET.
3. Resultsand Discussions
Electric characteristics of a NW-VSGFET were mea

ured by using parameter analyzer (Agilent_4156% Té:
sults are shown in Figs. 4(a) and (b). Here thesalts are
obtained with 50 NWs connected in parallel. Draimrent
was changed by gate voltages, showing successfiubale
stration of the characteristics of NW-VSGFETSs. HEeT is
n-type with unintentionally doped InAs channel,sagilar

to many reports on InAs nanowire FETs. The threshol

voltage is approximately 0 V, as shown in Fig. 4®@)her
characteristics as FET are summarized as followb: s
threshold slope, S = 1.87V/decade, peak transcaaace,
Gmmax= 0.26mS (@¥ = 0.4V), on-off ratio, lon/loff = 18
We think following factors limit performance of our

lithographical technique. Other reason is in thality of
high-k dielectric. It is mainly affected by conditis of
deposition, such as temperature, pressure, flosvahpre-
cursor and post deposition anneal. Pre-depositeatrhent
is also important to control and minimize interfatates at
high-k/InAs NW interface.

To conclude, we reported on the fabrication of give
cal NW-VSGFET using position controlled InAs NW ayr

grown by SA-MOVPE on Si substrate and demonstrated

FET characteristics with n-type channel. Possielesons
limiting the present devices, such as band disoaityi at
the Si/InAs interfaces, was discussed.
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Fig. 4: Electrical properties of NW-VSGFET
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