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ITPOAOI'OX

Me v 0AoKANp®OT TNG TTLYLOKNG LoV gpyacioc oto Tuqua Mnyoavordymv
Mnyavikov kot Emomung kot Mnyavikng YAikov tov Texvoroyikov [avemiotnpiov

Kompov, Ba 10eha va evyaplotiom 1d1aitepa Tovg avOpmmovs mov otdbnkay dimia Lov.

Apycd o n0era va evyaplotiom Waitepa ToV ETPAETMOV KoONYNTN Kot okodNULoiko
ovuPovro pov Ap. Tadoo I'empyrddn yio 6An ) fondeia Tov pov £0mwae, TNV GVVEXN
KaBodnynon kot exiPAeyn Tov K0T TN SLOPKELN EKTOVIONG TNG TAPOVGAG TTUYLOKNG

gpyaciog.

Tnv petaddaktopikn cvvepydrn kot kadnyntpa Ap. Anuntpa Xatlnioiln yo v
cuveyn otNPEN Kot TOV TPOTO oL TTAVTa Le GLUPOVAEVE Kol EVETVEE, OAAG KO Y10 TNV
®Onon Tov Hov £dMGE Yo EMAOYN TNG TTVYLKNG VTNG EPYOGTOG.

Téhog B B va eVYAPIGTNG® TOLG KOl VO APLEPDG® TNV TAPOVGH TTLYLOKT EPYOUGin
GTOVG YOVEIG, To adEAPLOL LoV Ko Bgieg Kat Bgiovg, aALG Kot UGIKE GTOVS PIAOVS [LOV
YO TNV AIEPLOPLOTT QYA Kot suumapdotact kad’ OAn n didpKelo, Tov NTOV Yio Héva
avektiun g a&iog kabmg Kol GTNPLYLLA Y10 GUVEXLOT] Kol OAOKAPMGT TOV TPAOTOL

KOKAOV GTOVI®V HOV.

AréEavdpog TTavwdidng

Mdnog 2017



ITEPIAHYH

O1 1810 TEG TOV VMK®OV AETTOV LUEVIOMVY, OTtmg dopég MEMS mov katackevalovtot pe
™ pébodo empavelokng pkpodiapopemong (surface micromachining), e€aptovtar o€
onuavtikd Pabud amd v TEYVIKY evomdBeonc, TIC QLOIKOYNUIKES dlepyaoieg TOv
yopaxtnpiovv v avdmtuén teov vueviov kot v Beppikn enefepyacio petd v
evandbeon (post-deposition thermal processing). ‘Etot, mopoio mov ot 1810tnTeg otV
poKpokAipaKa elval, o€ YEVIKEG YPOUUES, YVOOTEG 1| EDKOAO LETPNOLUEG, Ol OVTIGTOLYES
OTNV UIKPOKAIpLaKa O&V ElvaL ETOPKAOG TPOGOOPICUEVES. XVVETMG, O TPMTOG GTOYOS TNG
TTUYOKNG epyaciag eivor va egetaotel 1 mOOvOTNTO XPNONG TOV YOUPOKTNPLOTIKMV
TOAGVTOONG HIKPOOLOUOPPOUEVOV TAOKAOV Y10 TOV LTOAOYIGUO TMV 1O0THT®V TOV

VAKOV KOTOGKELNS TOVG.

EmimAéov, etvar evpémg yvaotd 0Tt 01 UKPOSTAUOPPOUEVES dOUEG VTTOKELVTOL GE EVTOTIKN
KOTAGTOOT EVEKO TV EVATOUEVOLGOV TACEWV. O1 TAGELS AVTEG UTOPOVV Vo, TPOKANHoVV
AOY® TG O1POopAS TOV BEPIKOD GLVTEAEGTY| OLOGTOANG TOL VAIKOV €£vOG LUEVIOL Omtd
TOV OVTIGTOLYO YEITOVIKOV DUEVIOV, 1] TOV DAKOV €VOG LUEVIOL KOl TOV VITOCTPOLOTOC,
NG TMOPOLGING TPOCUEIEE®Y, TOV TEYVIKOV &vomdOeons, T@V QUOIKAOV JSlEPYACIOV
avamruéng kKAn. H pétpnon ko EAeyyog TV eVATOUEVOLGOV TAGE®V £ivorl eEPETIKNG
onpaciog otmv mpoomdBeia Peitioong g aflomotiog kot g ®eEMung Cong tov
TpoavagepBEvTov dopmv. “Etot, 0 de0TEPOG GTOYOG TNG TTLYIOKNG EPYOGING APOPA GTNV
UEAETN TNG EMIOPAONC TV EVOTOUEVOVOWMV TAGE®V otV 1d1ocvyvotnto. (fundamental

frequency) opBoy®mvioag HIKPOUNYOVIKAG TAGKOGC.

[ ™V wKavomoinon TtV oTOY®V NG MOPOLGAS €£PYOCing, Ol €EICMCES NG
WO00LVYVOTNTOS HOG TAAKAS (e TOKTOUEVN TEPLPEPELD KOOMDG Kot SOKOV LE TAKTMOT)
ota 000 GKpa) £EAYOVTOL GLUVOPTHGEL TOV 1O10THTMOV TOV LVAIKOV KOTOCKELNG KOl TOV
EVATOUEVOLGOV TAGEMY. AKOAOVOMC 01 €EIGMGELS OAVTEG YPNOUOTOOVVTAL Y10, TOV
VIOAOYIGUO TOV GLVTEAESTN YOoUNg Kot Tov Adyov Tov P0oisson, tov vAikol g mAdkag
Kot 5okoV. TELOG, 01 HeTPNOELS 10106V VOTNTAG KOTAANYOUV GE CTLLOVTIKA OTOTEAEGLLOTOL
aVOQOPIKA HE TNV HEOT TIUA TOV eVOTOpEVOvowv Tacewv oe douég MEMS

KOTOUOKEVOGUEVEG LEGM, Y10 TTOPBAOELYLLOL, ETLPAVELNKNG KPOOAUOPPOCTNC.



Ta amoteAéopato TG TOPOVCAS EPYUCING GLVAIOLV, GE TOAD KOVOTONTIKO Pabuod, pe

TOL OVTIGTOLYO OMOTEAEGLOTOL ONUOGIEVUEVOV TPOTOTTWV.

AéEerc kKhewra: MEMS, empavelokn LKpodlopdpemaot), 101060y voTNTO,

EVOTOUEVOVGEG TACELS, GLVTEAEGTNC Young, A0yog Tov Poisson.
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ABSTRACT

The material properties of thin films used in surface micromachined devices depend, to a
large extend, on the deposition process, the physical and chemical processes
characterizing film growth, and post-deposition thermal processing (annealing). Hence,
although the properties of the bulk form of the material are well defined, the
corresponding thin-film properties are not so well characterized. To this end, the first
objective of this thesis is to examine the feasibility of using vibration characteristics of
surface micromachined structures to determine the stiffness and Poisson’s ratio of thin

films in the form of clamped rectangular plates.

In addition, one must always bear in mind that a state of residual stress exists in all surface
micro-machined structures. Residual stresses may be generated due to a variety of factors
including a mismatch in the thermal expansion coefficients of a film and an adjacent one,
or a film and the substrate, the presence of impurities, and chemical and physical
processes accompanying film growth. A solid understanding of these stresses is important
for improving the reliability and life-time of thin films. Appropriately, the second
objective of this thesis is to study the effects of residual stresses on the natural frequencies
of plates and beams and to examine how natural frequency measurements can lead to the

determination of these residual stresses.

To meet these objectives, equations of the fundamental frequency of a rectangular plate
clamped on all four sides as well as a beam clamped on both ends, in terms of the material
properties and the residual stresses are derived. These equations are then used to
determine closed-form expressions for the Young’s Modulus and Poisson’s Ratio of the
material of the plates and beams. In addition, natural frequency measurements will lead

to the determination of residual stresses present in the aforementioned structures.

The results of this work conform very well to their counterparts from various published

models.

Keywords: MEMS, surface micromachining, natural frequency, residual stresses,

Young’s Modulus, Poisson’s Ratio..
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