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1. Introduction

New technologies such as nanoimprinting, scan-
ning microscopy, scanning instruments for surface re-
search, nanolithography, automatic identification systems
and micromachining, request for ultraprecision positioning
instruments, which would ensure the nanometric accuracy
of positioning.

Many micro/nanorobotic application require mul-
tidegree of freedom positioning at micro and nanoscales.
Actuation technologies capable of providing motion at this
scale include piezoactuators [1], microstepping motors,
highly geared electromagnetic servomotors and Lorentz
force-type actuators such as voice coil motors [2, 3]. The
nanotechnology applications require more complex speci-
fications, including the wide dynamic range of nanoposi-
tioning systems. It means the new, innovative solutions
have to be found for the actuation methods, materials, and
design. The silicon as mechanical material and laser mi-
cromachining open a new possibilities in actuators design.

So, real positioning, where the repetitiveness of
positioning is in the nanometer level, may be ensured just
in the systems without friction pairs. Nanopositioning sys-
tems have to feature a high directness of transmission
characteristics, as well as mechanical, wide control circuit
frequency zone, and the possibility to control the move-
ment in nanometric range. Therefore the sub-nanometric
resolution power is necessary. This may be ensured only
by electromechanical systems without friction pairs [4].

When traditional methods and means used in mi-
cropositioning systems it cannot satisfy the requirements
which are essential in nanopositioning systems, new
achievements are used. The achievements include: solid
activator, flexure mechanical systems, and low inertia col-
lateral kinematics of many axes, active control of trajec-
tory, and wide range and adaptable system control [5].
These allow solving positioning, metrological and other
problems which appear in practical nanotechnology.

Microfabrication with lasers today is in the situa-
tion of competition between: machining quality and effi-
ciency. Interest in picosecond lasers has increased recently.
They have the potential to improve machining quality as
compared to that achievable with longer pulses [6]. As
femtosecond systems are complicated and the advantages
of processing with ultra-short pulses are evident only at
low laser fluences, picosecond lasers present a cost-
effective alternative for machining of micro objects. Real
industrial applications of ps-pulses require reliable laser
sources and well-established technologies. In this work we
present the theoretical modeling and experimental results

of our research on microfabrication of silicon actuator by
picosecond laser.

In this work we present the theoretical modeling
and experimental results of our research on creation of
silicon actuator by picosecond laser.

2. Electrostatic model of actuator
A model of electrostatic actuator operation is to

consider a rigid plate attached by a spring and submitted to
an electrostatic field (Fig. 1).

Fig. 1 Simple model of an electrostatic actuator

For the simulation of the system represented in Fig. 1,
the calculation is based on the mechanical law governing
the electrostatic actuator which can be expressed as fol-
lows:

mi+bz+kz=¢g,A4/2(x—z) V* (1)

where z is deflection, m is mass, b is damping factor, k is
spring value. k& depends on the geometry of the microstruc-
ture. The excitation is represented with the help of electro-
static pressure through a gap x applied on the plate surface

4, with voltage V' and permittivity £,. The mass can be

expressed with the geometrical characteristics of the plate
m== phA, where p is the volume density and / is the plate
thickness.

Material properties of the membrane actuator are
listed in Table.

Table
Material characteristics of membrane actuator
Material E, GPa v p, 10°kg/m® | h, um
Al 70.3 0.345 2.69 03
Si (substrate) 120 0.42 2.33 300

Note: £ is Young module; v is Poison ratio; p is density;
h is thickness of the plate
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As the membrane is symmetrical, for the accel-
eration of calculations a quarter of sample was modeled.
Orbicular parameter is freely attached (fixed in a noncanti-
lever way). While calculating, the free attachment was
taken into consideration.

The modelling is performed using the finite ele-
ment method, where the structure is meshed into the sim-
ple geometry finite elements and the type of them depends
on the task solved. The ANSYS software package was
selected for the analysis of membrane actuator. Shell 43
type finite elements were chosen to model this type of
structures. These elements are usually used to model plane
structures of various thickness and elastic material con-
structions (Figs. 2 and 3). Shell43 is a 4-nodes plastic large
strain element [7].
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Fig. 2 Actuator displacement in static mode. Gap between
the plate — 140 pm, control voltage — 250V
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Fig. 3 Actuator displacement in dynamic mode /=1746 Hz

Fig. 4 shows the modeling results of a driving mi-
cro actuator at 0-250 V applied voltage.

3. Experimental set-up

Experiments were performed on silicon wafers
with the thickness of 300 um. Actuator displacements were
investigated using AFM Quesant QScope-250 microscope

(Fig. 5).
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Fig. 4 Membrane actuator characteristics in static mode
determined by FEM: leg width 0.5 mm (a),
1 mm (b), 1.5 mm (c). (/ — a gap between the plates
- 130 pm, 2 — 140 um, 3 — 150 um)

The design goals are as follows: stroke, output
force, driving voltage. The stroke in the out-of-plane direc-
tion needs to be Spm. The driving voltage needs to be less
than 250 V. Actuator geometries obtained using laser mi-
cromachining are shown in Fig. 6.
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Fig. 5 Measurement scheme using AFM

a

Fig. 6 Comparison of actuator geometries using laser mi-
cromachining: a) and b) plane flexures c) plane
flexures 50 pm deepening

4. Results

Actuators displacement was investigated by
atomic force microscope (AFM) Quesant QScope-250 in
contact mode with cantilever force constant 0.1 N/m. The
displacement was measured applying direct current voltage
to the actuator and imaging the actuator surface during the
scan (Fig. 7). The displacement was measured directly
from the AFM image cross-section.
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Fig. 7 AFM image of the actuator surface displacement in
static mode at different control voltage

Driving characteristics of the plane flexures were
also examined. Fig. 8 shows the characteristics of the tip
height versus the applied voltage. The driving voltage was
used 0-250 V. The gap between the plates is 140 pm.

It was demonstrated that silicon micro machined
electrostatic driven actuators can be used in different
nanomanipulating systems.
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Fig. 8 Experiment results in static mode. Deflections from
the plane: / — flat cantilever suspension with the
depth of 50 um; 2, 3 — cantilever suspensions of
various constructions

The work quality of designed actuator was evalu-
ated according the quality of received pictures which cor-
respond to the picture quality using piezoelectric actuator.
The picture of silicon surface is shown in Fig. 9.
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Fig. 9 Silicon surface view. Scaning area (3.5 x 3.5) pm’.
Z direction top value — 20 nm
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Further research includes the realization of actua-
tors for Scanning Probe Microscopy applications.

5. Conclusions

1. Computer model of membrane silicon actuator,
operated by electrostatic field, is designed.

2. Static and dynamic characteristics were investi-
gated. It was demonstrated that the developed actuator
produce 5 um displacement under the 250 V control volt-
age. The determined first mode resonance frequency of
plane flexures was 1746 Hz.

3. Static characteristics of membrane actuator are
evaluated using AFM system.

4. The investigations on operation possibility of
membrane electrostatic actuator in the feedback network of
the probe microscope Quesant Q250 showed that the ac-
tuator provided z-axis positioning range up to 5 um. Sur-



face views of materials confirm the perspective of using
such actuators for nanopositioning.
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SILICIO MEMBRANINIO AKTUATORIAUS SKIRTO
NANOPOZICIONAVIMUI MODELIAVIMAS IR
TYRIMAS

Reziumé

Straipsnyje nagriné¢jama galimybé panaudoti Si
membranas mikroobjektams nanopozicionuoti.

Baigtiniy elementy metodu nustatytos membrani-
nio mikroaktuatoriaus pagrindinés rezonansinés modos ir
ju priklausomybé nuo skirtingos geometrijos Si ploksteliy.
Taikant mikrosistemy konstravimo technologijas sukurtas
membraninio mikroaktuatoriaus prototipas. Naudojant
atominés jégos mikroskopo sistema, nustatytos membrani-
niy struktliry statinés ir dinaminés charakteristikos.

Mikroaktuatoriumi gauti medziagy pavirSiaus
vaizdai patvirtina tokio tipo mikroaktuatoriy panaudojimo
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nanopozicionavimui perspektyvuma.

V. Lendraitis, V. Snitka, V. Mizariené

MODELLING AND INVESTIGATION OF THE
SILICON MEMBRANE ACTUATOR FOR
NANOPOSITIONING

Summary

The article deals with the possibility to apply Si
membranes for nanopositioning of micro objects.

Applying the finite element method the basic
resonant modes and their dependence on the different ge-
ometry Si plates are identified. The prototype of membrane
microactuator was designed applying micro system design-
ing technologies. Using the atomic force microscopy sys-
tem, the static and dynamic characteristics of membrane
structures were defined.

Surface views of materials confirm the perspec-
tive of using such actuators for nanopositioning.

B. Jlennpaiituc, B. Cautka, B. Muzapene

MOJEJIMPOBAHUE 1 NCCJIIEJJOBAHME
KPEMHUYECKOI'O MEMBPAHHOTI'O AKTIOATOPA
JJI1 HAHOITO3NLIMOHNPOBAHN A

Pe3womMme

B crarbe paccmarpuBaeTcsi BO3SMOKHOCTD UCTIOJb-
30BaHUsI MeMOpaH u3 KpeMHHs (Si) U MO3UINOHUPOBA-
HUSI MUKPOOOBEKTOB ¢ HAHOMETPUIECKOH TOUHOCTBHIO.

MeTo10M KOHEYHBIX 3JIEMEHTOB OIPEAEIeHbl OC-
HOBHBIE PE30HAHCHBIE MOJIBI MEMOPaHBI U HX 3aBHCUMOCTb
OT pa3NUYHON TeOMETPUHM IUIACTHHOK M3 KpeMHus (Si).
Hcnonb3ys TEXHOJIOTUH KOHCTPYHPOBAHHS MHKPOCHCTEM,
CO37aH MPOTOTHI MEMOpaHHOTO MHUKpoakTioaTopa. Ilpm
MIOMOIIM CHCTEMBI MUKPOCKOIIA aTOMHBIX CHJI OTIPEAEIICHBI
CTaTHYECKHE M JUHAMHUYECKHE XapaKTePHCTUKH CO3IaH-
HBIX MEMOpaHHBIX CTPYKTYD.

[TonydeHHble TpH NOMOMIM MHKPOAKTIOATOpPA
N300paXeHHs] MMOBEPXHOCTH MAaTepUaliOB MOITBEPKIAIOT
MEpPCIIEKTUBHOCTh MCCIIE0BaHNS HAaHOTIO3UIIMOHUPYIOIINX
MHKPOAKTIOaTOPOB TAKOT'O THIIA.
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