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Fabrication of amor phous silicon nanoribbons by atomic force microscopetip
induced local oxidation for thin film device applications
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Groupe Microélectronique, IETR, UMR CNRS 6164, caside beaulieu, 262 avenue du général

Leclerc, 35042 Rennes cedex, France.

Abstract

We demonstrate the feasibility of induced localdation of amorphous silicon by atomic force
microscopy. The resulting local oxide is used asknfar the elaboration of thin film silicon
resistor. A thin amorphous silicon layer deposieda glass substrate is locally oxidized following
narrow continuous lines. The corresponding oxide Is then used as mask during plasma etching
of the amorphous layer leading to the formation n@noribbon. Such amorphous silicon

nanoribbon is used for the fabrication of resistor.



1. Introduction

Owing to their physical and electrical propertidgan nano-objects represent promising elements
with strong potential for a large variety of applions. They are currently attracting much
attention as components for nanoelectronic devioetegrated silicon technology such as
nanowire field effect transistors [1], photonic aagtoelectronic devices [2], and chemical or
biological sensors [3, 4]. For example, silicon owimes are useful for the development of
innovative electronic devices tanks to their spegiiroperties as high surface to volume ratio,
giant piezoresistivity, field emission, and synieempatible with large area technology. Silicon
nano-objects development could significantly impacgas of electronics, genomics, biomedical
diagnosis, drug discovery.... These silicon nane«ib can be prepared by the top-down approach,
using various advanced methods such as e-beamd@&p UV [6] lithography, and more
particularly Atomic Force Microscopy (AFM) oxidaticof silicon [7]. This latter technique could
be used as direct write lithography for fabricatodrelectronic nano-devices.

Local anodic oxidation (LAO) of silicon surfaces B¥M is a promising method to fabricate
nanometer scale oxide patterns due to its veryiggaontrol of the feature size. In this technique,
a negative voltage is applied to the tip of the ABltem with respect to sample to induce local
oxidation. This anodic oxidation (or surface anatim) is described according to the
electrochemical reaction of oxidizing ionic spedi@&d from ambient humidity with H-passivated
crystalline silicon atoms at the surface of thesstate [8-10].

At first, the native oxide naturally existing onetlsurface is removed to passivate the silicon
surface layer by metastable hydrogenated terminsiethce. In this way, the Si-O bonds are
substituted by weak Si-H bonds. Then, under a ooatis negative bias of the tip, Si-H bonds
break and anodisation reaction takes place. Thdtirgs oxide feature depends on experimental
conditions (tip bias, write speed, and ambient ldityli. For example, previous work reported that

electrically conducting AFM tip wassed to oxidize regions narrow as 10—-30 nm of Hsipated



Si (100) surface at write speeds up tpnd/s [11]. In addition, reliability and resolutiaan be
improved by using pulsed voltage instead of comtirsupolarization [12, 13]. However, in all
cases the generated oxide is not as good as thewigi&, but it can be used as an effective mask
for patterntransfer, or as an insulating barrier in the cdseeoy thin metallic or semi conductive
film on insulator. With this approach, nanoelectcomlevices have already been fabricated
[7,14,15].

Most of previous works [7-22] reported tip indudedal oxidation process on crystalline silicon
substrate and some of them on masking processlioichtion of silicon nano-objects (nanowires
or nanodots) by selective liquid anisotropic etghifihus, owing to these observations, an original
way consists to study i) the feasibility of AFM tipduced local oxidation of thin amorphous
silicon (a-Si) layer, and ii) the ability of thisxiole as mask for fabrication of thin film silicon
objects by selective dry etching. Such patternimacg@ss compatible with the fabrication of thin

silicon film based electronic devices has not bgsrdemonstrated.

2. Technology and device fabrication

In this study our samples are processed on glasstrate and prepared in clean room under
controlled ambient humidity (fixed at 45%). Tip ungkd local oxidation is performed by using a
commercial AFM system (DI-CALIBER) from VEECO instnents company. First, a 250 nm
thick SiQ, buffer layer is deposited by APCVD (Atmospherice$dure Chemical Vapor
Deposition) technique at 390°C on a glass substfdten, a 50 nm thick a-Si layer is deposited by
LPCVD (Low Pressure CVD) technique at 550°C witkilane (SiH) pressure of 90 Pa. The a-Si
layer surface is hydrogen passivated into dilutgdrdfluoric acid solution (HF-2%). In our case,
such hydrogen passivation allows a local oxidation at least 24 hours. LAO is carried out
following continuous narrow lines. Continuous tipd) Vip, is fixed at -10V and the write speed, s,

is Jum/s. According to these conditions, about 2 nm Hiteigth 0.4um width oxide long line is



obtained as displayed in the figure 1. The oxidgltes typical for local oxide elaborated with
similar experimental conditions on crystalline i [7,9]. However, as already reported in a
previous work [23], local oxidation of a-Si givesder oxide line than for crystalline silicon. In
addition, no significant change of the oxide featwas observed for -10 V <;/< -6V, and for

S < Jum. Such oxide line was then used as mask duringaetire lon Etching (RIE) process with
Sk plasma performed on our samples to etch and thpattern a-Si lines. The figure 2 shows the
AFM picture of the sample displayed in the figuraffier plasma etching of the 50 nm thick a-Si
layer. The close to 20 nm height resulting a-Siandntbon indicates that i) the tip induced local
oxide is totally etched by RIE using §blasma, and consequently that ii) the upper pathef
underlying amorphous silicon layer is partiallyhetd. For our process conditions, the Si@rsus
a-Si etching rate selectivity is difficult to estte because of the low oxide thickness.
Nevertheless, this selectivity is high enough ghhghts that tip induced local oxidation by AFM
of amorphous silicon can be used as masking prdoesie fabrication of thin film a-Si objects.
However, the width of the resulting nanoribbonasger (0.8um) than the oxide line width (0.4
pm) depicted in the figure 1. This result can bel@xed by the lateral effect of the field enhanced
diffusion of the ionic oxygen species through tihewgng oxide [8] occurring in the upper part of
the amorphous silicon layer. This phenomenon isenpoonounced than for crystalline silicon due
to the large defect density in the a-Si film. Sirae a-Si film has a very large defect density,
dangling bonds in the film easily react with oxygenproduce Si-O bonds resulting to a higher
growth oxide rate than for crystalline silicon [2#] addition, another reason involved in the width
of the nanoribbon can be the size and the geonottilye tip. These two reasons can explain the
formation of a wider buried oxide line that doed appear on the AFM observation (fig. 3 (a)).
Consequently this oxide mask induces a wider agbiepn after plasma etching (fig. 3 (b)).
Improvements in term of aspect ratio (height/widihjhe local oxide feature, and therefore of the

a-Si nanoribbon feature, could be possible by appbtin of short pulses that restrict the lateral



diffusion of ionic species while a high-voltage gmilproduces a fast growth rate in the vertical
direction [13].

LAO is therefore used as masking process in o@g@attern amorphous silicon for fabrication of
thin film silicon resistor. First a 250 nm thickGsibuffer layer is deposited by APCVD technique
at 390°C on a glass substrate. Then, a 200 nm Haekilyin-situ phosphorus doped amorphous
silicon layer is deposited by LPCVD technique aD%5 and 90Pa, and crystallized by a thermal
annealing at 600°C under vacuum. The phosphorusectration of this K type polysilicon (N
Poly-Si) layer used as electrode material is 2%té1°. This layer is patterned by classical UV
lithography and etched by RIE usinges$ffasma to define the device electrodes (fig.a)). (Next,

a 50 nm thick a-Si layer is deposited and locallidized, using conditions previously mentioned,
following a continuous line between the twd Roly-Si pads (fig. 4 (b)). An amorphous silicon
nanoribbon is then patterned according to the p®agareviously described to interconnect
electrodes to achieve electrical resistor (figcy.(The 3D AFM pictures of the device represented
in figures 5 (a) and (b) show a uniform and corgiimai2pum long x 0.8um width x 20 nm thick a-

Si nanoribbon. I(V) characteristics of such resissomeasured at room temperature by a 4156 B
semiconductor parameter analyzer. Results plotiefigure 5 (c) highlight an ohmic electrical
connection at the a-Si nanoribbofi/Roly-Si electrode interfaces. In addition, it clgahows that
LAO process operates continuously between the tifferently levelled N Poly-Si pads. The

estimated value of the corresponding resistor M@0

3. Conclusion

Feasibility of LAO of amorphous silicon film by atoc force microscopy is shown to get a few
micrometers long, uniform, and continuous oxidesinThe corresponding tip induced local oxide
can be used as etch mask for elaboration of fewmaters thick film silicon patterns by selective

dry etching. However, improvements are necessaryethuce the width of line-patterns in



particular for the fabrication of nanowires. Thisen is the first step towards the fabrication ahth

film silicon nanodevices using AFM local oxidatiohsilicon as direct write lithography system.
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Figure captions

Figure 1: (a) AFM picture of oxide line obtained BYM local oxidation of a-Si layer. (b)
Maximum height of the oxide is 2 nm with an averagdth estimated at the surface is about 0.4

pm.

Figure 2: (a) AFM picture of a-Si nanoribbon ob&inafter Sk plasma etching of the sample
represented in the figure 1. (b) The average nbhon height is about 20 nm with an average

width estimated about O8n.

Figure 3: (a) Schematic illustration of a wider iedroxide due to the lateral effect of the field
enhanced diffusion of ionic oxygen species throtighgrowing oxide. (b): wider underlying a-Si

pattern obtained after plasma etching using sudatedine mask.

Figure 4: Cross section view of the main technaalisteps of the a-Si nanoribbon resistor
fabrication: (a) N poly-Si layer deposited on glass substrate andnpaetched to define
electrodes contacts, (b) AFM tip induced localdation of a-Si layer, (c) plasma etching of a-Si

layer (formation of the a-Si nanoribbon intercortirerthe two N poly-Si electrodes).

Figure 5: (a) 3D AFM picture of a @gm long x 0,8um width x 20 nm thick a-Si nanoribbon

resistor obtained by AFM local oxidation, (b) I(eharacteristics of the resistor.
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