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PREFACE

This isste contains scientific papers from the3 International Conference
Mechatronic Systems and Materials (MSM 2007) amernational Conference
Mechatronics for HiTech Device§MHTD 2008.

Conferencesverededicated to relevant mechatronics problems
— Robotics: Industrial, Microrobotics, Midle Robots

—  Sensors and Actuators in Mechatronics

—  Control of Mechatronic Systems

—  Vibration Analysis

—  Applications of Artificial Intelligence

—  Multifunctional and Smart Materials
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OPTICAL INTERFEROMET RY FOR DISPLACEMENT
MEASUREMENT OF A MICROELECTROMECHANIC AL
MEMBRANE

levaMl LAGAUSKAI TA
Studesprogramme oMechatronicsKaunas University of Technology

Assoc. Prof.Dr. Viktoras GRI GALI T NAS
Institute of Physical ElectronicKaunas University of Technology

Dr. Darius VIR GONIS
Institute of Panevezy&aunas University of Technology

Aim: Nowadays there is a great need for development of systems that can
perform parallel singlé molecule measurements on many different molecular
pairs. This would enable tousty single molecule mechanics characterizing both
intramolecular and intermolecular forces H. In order to collect statistically
significant data, measurements need to be repeated many times. A novel
micromachined membranie based probe is going to leveloped to enable
parallel measurements and serve as a durable sensor.

Main idea An active micromembrane igoing to be the main part of
targeted high resolution system. The idea lies within integrating optical
interferometric displacement detectioapability to the membrane by patterning
the bottom side of the membraneds subs

As the membrane igoing to be illuminated from the backside with a
coherent light source, the reflected lightgising to beseparated into difaction
orders.Moreover, some of the light reflected directly from the diffraction grating
is going to interfere with the light reflected from the membrane. Therefore the
intensity of light at the diffraction orders should vary sinusoidally as a function
[2] of the gap between the membrane and the grating:

o =14 COSZ(@}, I,1:4I—‘”sin2 @]
A =oxt A

wherel;, andaare the intensity and wavelength of incident light, respectively,
andd is the gap height. Separate photodetectors should measumnéetteties of

the zeroth(lp) and first (Ig) diffraction orders; thus it should be possible to
implement differential detection architecture with high accuracy displacement
detection capabilities.

Results The investigation of currently available memmeadeigns was
performed and particulasurface micromachinindabrication procesdor the
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micromembrane was developed The comparison ofcurrently available
membranes [1,]2and developed micromembrames outlined.The difference
betweenmembranes isot only location of diffraction gratingf¢r the currently
available model the grating is formed within the gap between the substrate and
membrane, and for new design at the bottom part of the substiatdut
fabrication technique as wellBoth structuresa r e for med on t
substrates, membranes are formed out of silica nitddefabrication technique
differ due to design peculiarities and materials used to form gaps within structures
(e.q., sacrificial layers of Unityi 400 polymer film and copg (Cu) layer,
respectively).

Nevertheless, the manufacturing technology of micromembrane still calls for
the improvement since not all of the fabricated membranes were qualitative.

Yet the optical stand, where membrane is goiagbe integrated should
comprise of laser, which is a source of coherent light. The power of laser beam is
going to be adjusted and deflected by mirror and focused on the membrane
grating with focusing lens. The light intensities of diffraction ordersgaiag to
be captured andotlimated by a lens before they are directed onto the photodiode
array by other adjustable mirror. The photocurrent from the PD arigging to
be converted into a readout signal by transimpedance amplifiers. This readout
signal may then be fed into ooscope from which signals amgoing to be
monitored, and to spectrum analyser for further investigations.

Conclusions The implemented optical stand geingto enable the optical
interferometry for displacement measurement with future focus on megsurin
intramolecular and intermolecular forces.

References
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responses of an electromagnetic bistaidirectional microactuator on a
single silicon substraté Sensors and Actuators A2,2006 p. 701 713.

2. H. Torun, J. Sutanto, K.K. Sarangapani A micromachined membrarie
based active probe for biomoleculat mechanics measuremient
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NOVEL SURFACE MICROM ACHINING FILMS FOR
MICROELECTROMECHANIC AL SWITCH TECHNOLO GY
DEVELOPMENT

Algirdas LAZAUSKAS
Studesprogramme of MechatronicKaunas University of Technology

Assoc. Prof. Dr.Viktoras GRI GALI T NAS
Institute of Physical ElectronicKaunas University of Technology

Aim. In this work an attempt was made to imypeamicreelectromechanical
switch (MEMS) fabricated using surface micromachining technolbtiyMS are
configured with three terminals, a source, a drain, and a gate. A voltage applied
between the gate and source closes the switch, connecting the sahecdrain.

[1] Surface micromachining is used to build up structures by adding materials,
layer by layer on the surface of the substrate. Dry etchingually performed in

order to obtain definite shape of the structure layers. The supporting sacrificial
layer is removed using wet etching to release the shaped layers. One of the
problems arises when the sacrificial layer is removed using wet etching. After this
step the sample is dried. The meniscus created by the receding liquid/air interface
tends to pli the structure against the substrate. This intimate contact give rise to
other surface forces like Van der Walls force, which will irremediably pin the
structure to the substrate when the drying is complete, effectively destroying the
device. This phenoenon is referred as stiction [2,3]. Previously electrostatically
actuated microelectromechanical switch (MEMS) has been fabricated (see Fig. 1)
from electroplated nickel using
surface micromachining
technique [2]. During testing of
MEMS it was determinedhat
because of the presence of
stiction ~ phenomenon  the
Ai d evallarfiperic characte
ristcs of MEMS was not
reached. The aim of this work
was to suggest technology
improvements for MEMS
fabrication technology in order

S Fig. 1 SEM microphotograpifustrating
to eliminate or reduce the fabricated device

particula problem.

1. Experimental setup For the problem solution and technology
improvement the followingroceduresvere investigated:
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A Silicon probe (commercially available crystalline Si <1pOwas
processed using igplasma preparation method: the pretesexploited 1min in
oxygen (95%) and nitrogen (5%) gas mix plasma inctreembero f A RP60@ s ma
To d ensdRaeressure (radio frequend®dF=13.56MHz, P=0.3W/cmK, - t = 5
6059).

A Silicon probe commercially available crystalline Si <100was boiled
in acetone for 2ninand dried with air pressure.

A Silicon probe (commercially available crystalline Si <1p®as coated
with photoresist MA1225. Afterwards photorgtsivas removedAfter photoresist
removal flicon probewas boiled in acetone for 2 min and dried with air pressure.

A Silicon probe (commercially available crystalline Si <¢p®ascoated
with diamond like carbon (DLClilm using direct low energy beanepgosition
Si with DLC coatingwas boiled in acetone for 2 min and dried with air pressure.

The films were investigated and analyzed using atomic force microscopy
(AFM), contact angle (CA) measurements, scanning electron microscopy (SEM)
and xray photoeletron spectroscopy (XPS).

Secondly, the technological m@fabrication process for MEMS was
generated evaluating the equipment required and additional technological steps
needed.

Fig. 2. AFM 3D view ofSi with DLC coating before acetone treatment:
Scaming area 11.@ nx 11.0e mhighest peak 4.8m, average roughness
R.=0.5nm,rootmean square roughneRg=0.6 nm.

2. Results Analyzing results obtained using atomic force microscopy,
contact angle measurements, scanning electron microscopy ary x
photoelectrorspectroscopy, the probes with DLC film not boiled in acetone were
observed as the most suitable candidate for the use towards improvement of
MEMS technology. It has good hydrophobic propertiesG&=6 6 . 4 U very
surface roughness in terms of surfaceighness parameters (i.B,=0.5 nm,
R,=0.6 nm (see Fig. 2 for AFM analysis)). Also, as observed from quantitative
XPS analysis, DLC films does not require treatment with acetone after being
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fabricated (i.e.O/Siratio remains practically the saniefor boiled in acetone
DLC coatingratiois 1.14and for not affectedoatingratiois 1.1).

Finally, the insertion of DLC film into MEMS fabrication will require three
additional steps (see Fig.3 for improved technological path for MEMS micro
fabrication). Thg all can be performed with the same equipment (due to the fact
that only DLC oxygen ion beam etching operation is required).




Fig. 3 Technological path for MEMS micfabrication: 1.Electron beam
evaporationof Cr film on the surface of the substrate (for impnmest of

adhesbn propeties), dectron beam evaporatiaf Au layer ugng. Pattering

usi ngoffloi flti t hography. 2. D &lpotreni t i o |
beam evaporatioof cu film. Contact tipfabricationusing chemical etching.

4. Cantilever beam support opening using deep Cu etching. 5. Oxygen ion
beam etching of DLC for cantilever beam support opening. 6. Cantilever
beampattai ng using Au vacofamoeVapbogtiap
electrochemida deposition. 7. Cu selective chemical etching. 8. DLC
selective oxygen ion beam etching.

Conclusions It is expected that DLC film layer having its good hydrophobic

properties and good surface roughness in terms of surface roughness parameters
will reduce stiction phenomenatturing Cu etching (vet releaseof cantilever),
because wuring the drying process the liquid molecules will spread faster from
DLC film. The suggesteMIEMS technology imow under testing.
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Summary

The advanced MEMS surface micromachining technology using
intermediate DLC film is ppposed in order to avoid stiction during wet release.
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ADAPTYVI 6J06 DI NSAAMPNINTUVO ,ANALI
TAI KYMO UGDARI BDASPRENDI MAI
ROTORI NASE S| STEMOSE

Simonas FANIUKYNAS
Mechatronilo s st u di jKaunptechngloggaomaniversitetas

Prof. Habil. Dr. Vitalijus VOLKOVAS
Kauno technologijos universitetas

Darbo tikslas. Gi o dar bo ti ksl as yra: suku
gr DHt amuoij u rygiu, kuri s gal at O sl oy
rezonansiniam dagniui, o] apimtO tam
dinamini O slopintuesO panaudojimo gal in

j vadMvesc.hani koje kritinis greitis yr:
gadina savajDzZDZenginio dagnDzZ Pal eid¢
gana ilgas, magina gali pereiti kelis
rezmansas ir pa_didéja vi bracijos iki ne
igcentrinas jagos ir jDZdeformuoja. Yr
patei kti 1 pav. Gi ame dar be nagrinaj
slopintuvais turboagredo paleidimd stabdymo metu.

‘ Vibracijy maZinimo biidai

Dinaminiy | | Sistemos Savyjy virpesiy

jégu Masés daznio Izoliavimas | | Slopinimas

mazinimas | | didinimas | | reguliavimas

1 pav. VibracijO® maginimo bidai

Rotorini O sistemO adaptyvausGalida nami
pasirinkti kl asi kinDZ di naminio slopint
bus pritvirti ntaadapgvssislopinileas. Pritaikiustvaldymon & r

si st ema su grDfHtamuoju rygiu 2 pav.
nerei kal aujantis ¢gmogaus pagal bos darb

Schemoje nuolatos yra matuoj amas f az
geriausias slopinias, nes pavaros valdymas suderintas pagal pavaros valdymo

dasnbDZ t.y. mas as |eparenkamasataks, kad slopidvos i r t
savieji dagni ai sutaptO su objekto da
ribose.
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e pa 5 6

7

2 pav. Kl asi kidn@samkohet sblpijnosvo s
schema: 1i dinaminio slopintuvo strypas, 2 ma s a, i Kiliai,541
stiprintuvai, 61 f az as mat av i invaldomas pavdros maitiaisg 7
gal t i vaidenapa8ara,®r ot ori na si st ema

Kitakas bdrgani zuoti valdymN yra keis
standumN, pagal i g anksto nustatytN
kurios paleidimo metu turi stabilius
mat uoj ami magiinros g agpuanraammae t kantr ol i uoj a
priklausomybad nuo | aiko. Tuomet , paga
Praadajus tam tikram | aikui nNuo magi no:¢
Sl opintuvo masad pasisl|l enka altdsytnmomud 3ksun
t ai kad slopintO rotoriaus virpesius.
yra saugomo objekto parametrai. Pir msa

brangesnis, nei antras. ) R
Gal ima rinktis vienN ig dalvi epDtivaki

masa strypo gale ir nekintantis stryp
standumas ir nekintama masél Gi uo at ve
o masa igliks pastovi, todal, kad st .
slopi ntuvo silloma struktlra pavai zduot e
3
; /
1

I

=

—

‘\.\_\4

L

~ -
3pav.Di nami ni o s | opi strypasyd valdama pakara] B a . 1
ma s & masyvus slopintuvo korpusas, i Istrypo ilgis
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Vienas i¢g didgiausi O
sutbnt uot a nej udamai s |
struktlroje.

gios struktlr
opintuvo korpus

Sl opintuvo sk ai Taikimyvslopmuvas tgikbmas irotoyingi.

sitemai, kuri D&ibdgadadama turi suktis
metu, la i rotoriaus greitis didaja, si st
kuri ems esant padidaja vibracijos. M1
di naminio slopintuvo parametrus taip,
vibracijas. Reikia atlikti matawu s , kad bitd galima nus
vertes rotorinaje sitemoje. Tam atlie
monitoringo sistema, kai turime virpe
pi kinds vertas, gal i me ragmetas &uriems esant i | i
savasis slopintuvo dagnis bltdO Iygus
special i ai moderni zuotu TSDI |l aborato
rotorinds maginos paleidimo procesN.

4 pav. Specialiai modernizuoto DElaboratorinio stendo bendras vaizdas ir
danO fi ré&mgasv iBrrpueedi O matuokl i s Vibrot

5 pav. pavaizduot a, koki ems suki mosi
greilio vertés.

Giam slopintuvui silloma nawaotNi (]
pav.), kadangi slopintuvN planuoj ama n
horizontalioje padatyj e, gal i ma naud
gingsninbDZvarikl DZ nes strypo neveikia
fik suoti.

Sraigtina vibropavara nara naujas i
Gi pavara yr a paprastos konstrukcijo
viduryje yra kiaurymada su sriegiu. Cili.@i
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kurie sukela t ai p vadinamN bagan|i N bangN m
einantDZ strypN suktis DZvienN ar kit N

pavaros. Gios pavaros konkretis skail

14

12 —
» 10 =
= EP-NEEEEEI AREER
3 T

—H

4____ - Y - - -

2 L n Y/ —~—r -V

0' T

0O 10 20 30 40 50 60 by

5 pav. Specialaus laboratorinio stendor ioz ont al i O i r
pasi keitimas esant DXairiems suki

Pjezoelektriniai

Ziedai Metalinis
cilindras su
sriegiu viduje

Masé

Strypas su
sriegiu

Kiaurymeés pavaros
tvirtinimui _
6 pav. Pjezoelektrten sr ai gti na vi bropavar a

vo i gmatuotas specialiai modernni zud
keiti mas, esant DZairiems suki mosi
| aboratorinis ir gerokai ma@esni
irinktas taip pat magesni s sl opin
oratorinio stendo virpesi O
domos pavaros ir toki O param
4t O sl ovpaisntyras| b, dt Hz, str
tamprumo modulis E = 200000 Mpa. TikslaPz& i t i ki nt i
virpesius ties rezonanso dagni ai s.
Kad bitd tikslesni duomenys, sl opi
eksperi ment ipadnaudgta TSDI wibro dbendu.oBuvo matuojamas
savasis slopintuvo dagni s, sl opintuvo
To tikslas buvo suderinti slopintuvN
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rezononsini O dagni O méi kngmip®,i tlaursiyai
laboratorinio stendo ir realiai patikrinti, kaip slopintuvas slopina rezonansinius

dagni us. Buvo pasirinkta vi ena i g di
skersini O virpesi O dagni O redhgmi & L4j
yra 0,19 m.

Vertikalia krypti mi pritvirtinus S
guoliavietas ir pal ei dus vari kl DZ suk
Rezultatai pavaizduoti 7 pav. Matome, kad slopintuvas su kontroliuojamu objektu
buvo suderintas tinkamai, nes ties pi
amplitudn daugi au, nei dvigubai . Tai
slopinimo efektN ir tas efektas biltoO
interval Notsarnp mag@gijawsiisi os dagnio pi ki
grDfHtamasis rygys ir valdoma pavara, t

su kontroliuojamu objektu.

[y
o

N

N

= H be slopintuvo

H Su slopintuvu

Amplitudé mm/s
O R, N WB OO N W W

12 13 14 15 16

Daznis w, Hz

7 pav. Specialaus | aboratorinio ste

esantslopintuvui ir be jo

Sl opintu
i

tuvui buvo parinktas igskirst)y
skersini O virpesi O atveju [ 3]

o? %w o’w
EJ- L9 9
aXZ[ 8X2)+pF a )
Kragtinas xsOh=g, éaa—wo—&): kaik alj
X

o | o’w

EJ
ox: oxot?

)
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Sav O] O dasgkreirG ilnyigQ iasiodopaip §4]: O

E-J
=123
R T 3)

| iJ& apvalaustsypo inercijos momentas.

atveju

Teorind slopintuvo dagnio priklausor
atveju apskailiuota ir parodyta 1 1e
nubragtas grafikas (8 pav.), rodanti
skersini O virpesi O atveju. Lentel aj e ¢
strypo ilgis yra 0,209 m. Atl i ekant |
gautas esant 0,19 m. Tai reigki a, kad
turdt O mtaigai nwekiteori gkos, i g formuld.
kreivas. Tokiu atveju galima teigti, |
skiriasi dal D&sivalusi O pakl aidOo.

Lent d1 &
Dagnio priklausomyba nuo str

l,m 0,045 0,135 0,209 0,317 0,452 0,905
¥S, 143,4 27,6 14,3 7,7 4,5 1,6
100,0

90,0

80,0
N 70,0
~ 60,0
-%;50,0
‘®40,0 —_—

Seers

20,0 \

10.0 atveju H

0,0

o o102 03040506 07 0809 1
llgis, m

8 pav. Slopintuvo valdymo dasnis

Gio |l aboratorinio slopintuvo strypo
nei strypo gale esanti mas a. Tai yra

model iionikd aagttvej O, kurio savOjO dagni O
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) e (4)

Igv asdo

e Pasillytas rotorini O sistemO kriti
sprendi mas, naudojant adaptyvO di namin

e Pateikta Ilyginamojitugrfstamokttol rrd
ignagrinadti toki O slopintuvO valdymo p

e Dinaminiam slopintuvui parinktas matematinis modelis, bei esant
konkrelioms kragtinams sNIlygoms nust a
valdymo dasnis. Va lliaiot suopjezbélektrinBXitpopavdral. | y t

e Pagamintas ir i gbandyt as |l aborat
slopintuvas.

e Eksperimentigkai nustatyt a, kad 1

val dy mo dasni s atitinka eksperi ment c
nessutapi mas magiau 10 %.

e Numatyt a vystant temati kN prakt
di naminiam slopintuvui iir pasiekti slo
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Rezi umé

Viena ig dideliO problemO rotorinas
problema nara dar pil nai i gsprinist a, a
Vibrad j © maginimo bidO yra keletas, t
slopinimas dinaminiais slopintuvais ir ne bet kokiais dinaminiais slopintuvais, o
adaptyviais, nes dagnai rei kia organ
kintanliais paanlmeu rsaulsi, mopsviz . grkein|ti u.
bus tuomet, j ei turadas galimybn keisti
savuosius virpesi O dagnius. Giame dark
vi bropavar N, kurios pagplabamgdalriuma Kk ei
dagnDZ suderinti su kontroliuojamo ob
virpesi O energijos ir to pasekoje, t a

kontroliuojamo objekto vibracijas.
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MAGNETOREOLOGINIO ST ABDGI O BODARE GI Mo
ANALI ZA

Vi ktorija RUGAITYTA
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Darbo tikslas. ganal i zuoti cilindrinio MR s
MR stabdgi o par ame tPaekti dpmaliksNMRj os t a é id I ii
geometrinius parametrus.

1. Magnetoreologinis(MR) stabdis Si T | oma MR stabdgi o k
pavaizduotdlpavei ksl e. Stabdis yra vieno di ¢
MR skystis wugpildo tarep® DIMRubE Da brdodic
efektyvumN apsprendgi aR/d®Ry@ pay.)Vipparasmeit (
svarbiausi O fizikiniO dydgi O yra gl yti

1)
z':‘L'yd(B)+,uTr (1)

lia: @ - kampinis velensukimosi greitish i tarpelis[1,3,5].

DL

io e ﬁ Elektromagnetz

Aktyvus MR skystis

1 pav. MR stabdis [2,4]

At sigvel gi antMR BZ aprdagkitoi ne®i ki mo s N
perduodamas sukimo momentag, susikda i g tr i j Qi Tkta mpon
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