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Abstract: In this work we consider sensing elements
of an accelerometer which is made using the combined
technologies of silicon-on-insulator (SOI) structures and
silicon nanocrystals whiskers manufacturing. On their
basis a quick-response, high sensitive to acceleration and
displacement device with submicrometer and nanometer
typological sizes has been designed. This enabled us to
create, on its basis, both a discrete device and an element
of integrated nanoelectromechanical element silicon-on-
insulator  structures, which provides control of
displacement up to 200 nm.
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1. Introduction

One of the promising areas of modern solid-state
electronics is developing and using nanoelectro-
mechanical systems (NEMS) emerged as a result of
combining technologies and constructions of sensitive,
actuator elements and plans of transforming information
from them on one or few crystals with electrical, optical
and radio communacations [1-4], the so-called devices —
“More than Moore”. The devices “More than Moore” are
the complex of systems (devices) on a crystal with the
following integrated elements: CMOS-logik, built-in
RAM, analog interfaces, nonvolatile memory (NVM),
processor (CPU) cores, MEMS, NEMS, sensors. This
type of integrated systems opens new prospects for
security systems (motion sensors, alarm systems) and
communications (wireless communication systems,
mobile systems), medical equipment, instrumentality for
“smart houses” (intelligent control systems: climate
control, control of lighting and electricity, infrastructure
of the house) and energetics (alternative sources of
energy), etc. In this case, progress of More than Moore
direction seems to be important that is motivated by new
technological possibilities and unlimited potential of
practical experience focused on creating a large number
of micro-and nanoelectronic systems. At the same time,
development of microelectronics and prospects of
nanoelectronics, significantly increased the possibilities
of modern microprocessor technology and features of its
using in highly informative (intelligent) systems, require
implementation of new approaches to the creation of
primary measuring transducers, which provide

conversion of controlled values into an easily used
signal. Nowadays layers of polycrystalline silicon on the
surface of oxidized silicon wafer (SOI structure) are
widely used in micro-and nanoelectronics. Such wafers
are usually formed by chemical vapor deposition (CVD)
[5]. Using the SOI structures opens great opportunities
of creating highly senvitive devises of microelectronics,
and in combination with methods and techniques of
nanotechnology; it enables to create a new class of
devices with enhanced functionalities, which, by their
characteristics, exceed the existing analogues [6-9].
Appropriately, there are many methods for growing
nanostructures, namely molecular beam epitaxy,
catalytic growth using a laser, and growth from a
supercritical phase of liquid solution, laser ablation or
simple evaporation [10-13]. However, these methods are
energy-consuming and expensive. That is why using
cheap technologies to create Si nanostructures is one of
the important problems in the development of
nanotechnologies for their subsequent wuse in
nanoelektromechanical ~ devices. One of such
technologies is the use of chemical etching and chemical
vapor deposition, which has been compatible with
technology manufacturing micro-and nanoelectronic
devices for a long time [14-22 ].

The main purpose is to create a sensing element of
an accelerometer, using modern resourse-saving methods
in manufacturing silicon micro- and nanostructures.

2. Experimental procedure

Processes specific for the technology of integrated
circuits ~ (diffusion or ion doping, oxidation,
photolithography, vacuum metallization, cleaning and
heat treatment, etc.) make a foundation for the
technological process of creating a sensing element of
the accelerometer based on silicon nanostructures.
However, there are also processes that are not typical in
the semiconductor technology. First of all, anisotropic
and isotropic chemical profiling, growth of silicon
nanoobjects by the method of chemical transport
reactions must refer to such processes.

Fig. 1 shows a schematic representation of the acce-
lerometer based on silicon nanostructures.

The basic processes for the formation of an
accelerometer sensor are as follows:
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- forming silicon nanoobjects (sensing tip of
stationary electrode, wich serves like emission electrode)
by chemical vapor deposition;

- pyrolytic oxidation (stop-layer for anisotropic and
isotropic etching cavities);

- forming original structure SOI by micro zone
laser crystallization of polysilicon.

- ion implantation of boron in the polysilicon layer
(for creating the required level of concentration of a
polycrystalline movable electrode);

- forming an accelerometer cavity, and metalli-
zation of electrodes .

Fig. 1. Schematic representation of sensing accelerometer
element based on silicon nanostructures: 1- movable electrode;
2- stationary electrode.

All these processes are important and, to a great
extent, determine the metrological characteristics of
fabricated devices. We will note the basic processes that
were used in manufacturing the accelerometer sensor
based on silicon nanostructures.

2.1. Forming a stationary electrode

To develope a real electrode, the processes of
growth of silicon nano-objects on Si-substrate with (111)
orientation have been studied. For this purpose, gold
films of different thickness - from 4 to 10 nm were
deposited. To obtain a uniform distribution of gold in
crystals, 30 min’s annealing of the samples was carried
out at the temperature of 600 °C, followed by cooling at
a rate of about 3 °C / min.

The substrates having been treated thermally,
coagulation of the gold in drops took place. The average
diameter of the droplets Si-Au depends strongly on the
thickness of the deposited film, and decreases from 100
to 40 nm with film thickness decreasing from 10 to 4
nm. After high-temperature annealing of the plate, and
coagulation of the deposited layer in drops, we obtain a
plate for further growth of edges of stationary electrodes
by chemical vapor deposition. Si growing was performed
on silicon substrates with different thickness of the gold
film - 10 nm and 4 nm. The analysis of the growth
experiments was carried out using the methods of
electron and atomic-force microscopy. To ensure
regularity of the formed nano-objects [17,18] using

pattern there was formed gold cells (Fig. 2), with an
array of pedestals (nuclear centers)obtained on each of
them, which were subsequently used to form a fixed
electrode tip Si.

Fig. 2. Plate with deposited film and formed cells.

Fig. 3. AFM image midsize of pedestals on Si substrate with a
gold film thickness of 10 nm.

As a result of the experiments [19-22] an array of
pedestals Si, the average size of which is shown in (Fig.
3) has been formed on the silicon wafer. Sizes of the
emission electrodes according to which the calculation
of autoemission was performed were ~ 1.8 m (Fig. 5).

2.2. Formation of cavities in an accelerometer.

To create a sealed cavity, movable consoles, elect-
rodes, beams, etc., and given the trend of reducing ele-
ments to the nanometer sizes there has been conducted a
pyrolytic oxidation of the formed nanostructures (silicon
substrate with the grown silicon pedestal) to a thickness
that provided the complete protection to the sensitive
emission electrodes during subsequent technological
processes and amounted to 2-3 microns.

2.3. Forming a movable electrode

The formation of a movable electrode of the acce-
lerometer was based on laser polysilicon recrystallization
as a method of obtaining advanced semiconductor layers
in silicon-on-insulator structures, which was used to
create a variety of sensors of physical quantities [23, 24].
For this purpose, an appropriate preconditioning of the
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initial samples was carried out. On the formed oxidized
silicon wafers from the gas phase in the reduced-pressure
reactor, polysilicon 0.5 micron layers were deposited at
the temperature of 625 °C. To control the processes of
nucleation and growth of the grains during the micro-
zone recrystallization at the formation stage of KNI-
structures, we envisaged application of the method of
selective heating of materials to create a given tempe-
rature profile in the heat-affected zone of emission [24].

3. Experimental results
A sensing element of the accelerometer operates as
follows. When a potential difference between movable
and fixed electrodes, initial emission current is induced
(Fig. 5a). With the moving mass of the electrode
displacing (Fig. 5b), the distance between the edges
increases. This leads to reducing intensity of the electric
field in the cavity, as well as emission current, which is
registered with a gauge or fixing scheme.

Table 1 represents the values of the intensity of
electric field and autoemission current calculated for a
given displacement of a movable element when a
potential difference between the electrods is 1000 V;
radius of curvature at the tip of electrode equals 5 nm.

Table 1
Autoemission current with displacements of a
movable electrode

Fig. 4. Photo of section of SOI structure.

For this purpose, a SiO, 0.75 microns film was
additionally additionaly deposited onto the polysilicon
layer. Besides, SisNy strips with a width of 5 microns
and increments of 30 mm were created as shown in
Pic.4. As a result of the laser recrystallization we have
obtained monocrystal blocks with an average crystallite
size of 20 x 500 microns which will be used in the future
as moving parts of accelerometer.

The final stage of the formation of the accelerometer
sensor is the creation of a topological figure on the
surface of the SOI structure with the subsequent
processes of microprofiling using anisotropic and
isotropic etching, which can be described as:

- isotropic plasma - chemical etching of unmasked
areas of a SOI structure at a depth of 1.5 microns;

- re-deposition of a SizN, layer with a thickness of
0.02 microns, deposition of SiO, layer with a thickness
of 0.1 microns and the formation of plasma-chemical
etching and photolithography masking areas on the
horizontal surface of the SOI structure;

- anisotropic plasma-chemical etching of pyrolytic
Si0, at the bottom of etched holes in the SOI structure;

- anisotropic plasma-chemical etching of SiO, to
increase the height of etched holes in a silicon wafer by
0.5 microns;

- isotropic etching of silicon at a depth of 0.5
microns for creating three-dimensional depth cavities
under the surface of SOI structures.

Thus, during the formation of a movable electrode of
an accelerometer, the basic technological processes are used
as those underlying the production of integrated circuits.

Displacement, Electric field intensity, Autoemission
um Vism current,
A
0 4,6x10’ 1,5x10°
0,2 4,2x107 3,2x107
0,4 3,8x107 7,2x10°
1.8 um 1.8 um
1
2
i] 2.6 um o
30um
a) b)

Fig. 5. Principle of the accelerometer based
on silicon nanostructures

Considering strong dependence of the autoemission
current on the value of movement, as evidenced by the
results shown in Table 1, and very little inertion of the
movable electrode, the proposed elements can be the
basis for creating supersensitive accelerometers with
registration of changes of emission currents both in
discrete performing and for the creation of accelerometer
elements within nanoelectromechanical systems [25].

It should be noted that the constructive insulating
layer of SiO, the autoemession sensing element of the
accelerometer withstands the intensity of an electric field
up to 1000 V/um, so is appropriate for high-voltage
application in devices and in integrated nanoelectro-
mechanical systems.

4. Conclusion

As aresult of the complex research we have designed
a sensitive element of accelerometer based on silicon
nanostructures and proposed a construction which
improves sensitivity parameters, resistance to external
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influences of electromagnetic fields, provides its low
inertness. The device is appropriate for creating both a
discrete and nanoelectromechanical systems. Based on the
experimental reserch it has been found that offset between
the electrodes of accelerometer leads to two order change
of the autoemission current. The sensitive element of the
accelerometer can be used in both industry and scientific
research, particularly for the creation and exploitation of
devices intended to register acceleration under high
vacuum, for example in aerospace applications.
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YYTJUBUNA EJEMEHT
AKCEJEPOMETPA HA OCHOBI
HAHOCTPYKTYP KPEMHIIO

Amnaroni#t pyxumuis, Irop KoryT, 10piit Xosepko,
BixTop lNomota

Y po6oTi pO3TIIAHYTO UyTINBHIL SIEMEHT aKCEICPOMETPA,
BUKOHAHMH 3 BUKOPHCTAHHSM CyMiIIeHOI TEeX.HONOTiI CTBO-
PeHHS CTPYKTYp KpeMHIiH-Ha-i3onsTopi Ta HUTKOMOMIOHUX
HaHOKpHCTaNiB KpeMmHio. Ha iforo ocHoOBi po3poOieHo
MaOiHepUiliHuii, NIBMAKOMIIOUMI, BHUCOKOUYTIHBHH 10
TIPHUCKOPEHHS | TepeMillleHb IPHCTPIH i3 CYyOMIKpOMETPOBIMH
Ta HAHOMETPPOBHUMH TOIOJNOTIYHMMH posMipamu. lle mamo
MOXKJIHBICTh pealli3yBaTH SK ANCKPeTHHH mpmiam, Tak |
€JIEMEHT 3IHTETPOBAHUX HAHOEJICKTPOMEXAHITHHX CHUCTEM 31
CTPYKTYPOIO KpeMHil-Ha-i30maTopi, sAkuit 3a OGesmeuye
KOHTPOJE TlepeMillleHHs 3 TOUHICTIO 10 200 HM.
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