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" PROCESS FOR MANUFACTURI NG M CROMECHANI CAL DEVI CES

CONTAI NI NG A GETTER MATERI AL AND DEVI CES SO
WORNUBASTIURED" The present invention rel ates tPCHIT2006/000824

process for manufacturing mcronechanical devices

containing a getter materi gl_and to the devices

manuf act ured through this process. In particular, the

invention relates to a process for manufacturing said

devi ces co r|S|no a step of joining together two
P ANUEA ,_!L_g_, J AIGRONECHANIQAL  DEVICES

N\ ¢ , > VILG ,
mat eri al ; thelnventlonrelates as well to the final
devi ces and to particular gwtter mat eri.al s.capabl e

wilhe SRIEFEAE gyventien selateade & Brogrss; ok dnanifactuing: %P@S?hmal
dev%@é’ lcG2i AL OBARE ghéwnﬁnwt@%e WeGiEQERBRhfeMesEh ﬁﬂbﬁg’ﬂ this

t okl ectroMechani cal Systens", and
proosid. fin pheticulaabthe mweatlom miatME(v& amemma(lufac’@lﬁég said devices

con BT Beh SR Yoed " R85 e

therl5dvesh, Qﬁwotfme waﬁtmlﬂ@slﬁboma@mmtn@ orﬁafehfg made of a
capable of carrying out preset novements or pari

semicopditter, seranie et o lin gnatpra; &eemvpmm»grfé@t% ay Helaloi %lﬁ final
dor Rl BT TR A0, LBl A cpaiions

t Mlcﬁﬁne&ﬁnﬁﬂld debiees ra&nsgéhe]&lly nkadwit has S‘M;cmElectroMechamcal
engr at ed by t he device out sj de.

Systemsh YeviMigQORIEFR! r@Mf&E et s, anﬂe%éﬁqﬁ%l a}bﬁrewa‘uons

ME WN@%‘?@; gne%ﬁbw rleji%rélcé Kt oty bbBade @&Mmg by that

m ni a ur| zed resonators, used in the
alsof mhminngO@ll\é‘B:bﬁﬁimm demticesrare sfarmehof |acwabdlﬁw1tn mide which

nu r f il hones, .descri bed |n paten
mic S hags S 9BRRe GRERHITE Ot TRRRh N EGPE SR RS abible of
1nte§é%ﬁﬁg Rxith élBctfondpabec Alliaibh Gfe presdhe S adbieidn it a@)ﬁhﬁ@tpak@ and
5,895,233. At the end of the manufacturing proces

eleofigal deeslthyaughs far bothdhe BoWauPRlytafdhe dyies ansk thy tlraEwswswn of
N
michdzbvelerpatetdcs, Oﬂeschbéd eixanherous f}&lyemarsunh) disf Y& 15e594,170, US
5,636 br aiar QS e e TSIOTHRTS RSy 0 hdgld of
teleE&Hﬁmﬂﬁ‘ﬁgoﬁshﬁld h%@nfgﬁﬂfaeﬁr@f)f M@&Wﬁhéﬂés td¥8cribed in

cavity. O her I\/IS de ices do not have such
patety Uﬁgéﬁﬂlﬁéq wind i@ 91058 R 7 re 1R rainjatiizsd Sﬂas,qmmn example of

whigh Sdentied m g BlPE e o Ganpen the Lo

At the end of the manufacturing process, various gases are contained in the cavity

of a MEMS, being residual of the process or due to the degassing of the same cavity
walls, which may interfere with the MEMS operation: for example, they can modify the
thermal conductlon in the system thus altering the temperature measure in the case of an
IR sensor, that thus need the best possible degree of vacuum in the cav1ty Other MEMS
devices do not have such a stringent requirement for extremely high vacuum levels. For
instance, in accelerometers a low pressure of gas in the cavity helps to dampen the

vibration of the moving part after it’s been placed in motion; this allows fast recovery of
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vi bration of the noving part after it's been placed in
nmotion; this allows fast recovery ofthe "rest" status
w@boorles3devi ce, making it nore quickly ready fBCT/1T2006/000824
further novenent detections; to this end, the
manuf acture of some MEMS fqresees the backfilling of
the cavity, prior to its sealing, with a given gas
(e.g. a noble one) at pressures in the order of
t housands of Pascal (Pa). In these cases too, however,
the Ffesi”sstates ©f 1he yletibat mbkieg dt mwsplquickly readyifor fwithey rherement

a .const ant essure and chem c aposition,. b use
detegtipnsz {9 &%61?({1 the,mapu %ﬁ”ﬁ%%f S@Pgealklgﬁ\?%rf%rﬁegp %tﬁ,]l%acﬁ%ﬁmg of the
caviz’l}i(, e td iYs Khlihg)Qvifesl biveh giselida AOYIaldne) Agréssurck Mithe order of

tering the nmeasurements. The achi evenent of very
thouseuds 0&Resenl d@P.c &z theseosasgs doms haweve: dbdpHeressary that the

t hroughout the lLife of a | £ a4k ed
TR TR T e
variaonsdn TRése Patdmdtapabhia dfer tienmsdosity b e mediumodrbend movable

gases. GCetter materials usually enployed are netals
partg s dtering thempafyrenasntani um or al | oys t her eof ;

praf.e ' I i ' h
Dofibokefelshitnt B2 Al et W80 Frogonsn simompre
thrda¥howt dhellifeyof HdMBEMS| devivetcan ibdeussuréd by ameod8ringgato thheavity a

S ST, Ol MU S ST R
maferia® le@tﬁgﬂa% : ﬂl@?@d 13%meRi S RN R %iR0Hiuen, IR Bnifrber MEVE thereof;

are manu réed with technol ogies derived fromthe 0
prefemedisibe alloy having weighy petcerf composisian areeriur §08ur eebalt 15% -

t ypi cal consisting i |lpcakiz e I, t4o@N f
e e
ma@Hak tid MBEMSd&8EaNs deb@itet] fir iistaire, i USCpatetambos.dBPs52,572,

or of a sem conductor nateri al (93i licon is preferred),

6,49N354 615981850 0, 2hyb¥h 650351508 apd 8:988:%%ayers of different
o P ’ . )
S'ZIE/I?M% ate #ﬁn?ﬁé{u]ké‘g‘ oh' te&ﬂl%ldtgﬁe%ﬁdee?@@@ [efrh e Mi'ﬁ@facl:tunng of

W ng w rence to Fig.
integfated Gemidonyucten wiravitsy r egicaly wensistugg tinolopalized depositions of

together, a first part 10 i ng comonl y. for f
desiP Ao Bl PP P RIPRT OoRe®) of BBHC O e el (.
silif D e4rbRIBRlor BBk fohdudtidniatiiaP (ii¢draksy pRif@sed)t heb eelective
ones not” shown in the drawing) are built, and a second .
renpavels A2 parshiof Hayeay ofediffersat ofateyichsE palishlan, theelagingencration
r.a, sem canguc mat ek | e I
s "SRR B Ffopt, § b firenl | 2RI S o Ry tnctured
by tv&@di'hg RO RireMatther, AS fitdipartSHE deifig pamimosly gioreedilof . planar
free fromfunctional e]enents and thereb%gp i
[

C| rovi des...
suppertegnerdly 9f sitison e hish the fupgliqupl glpmens; aﬁgi‘?ee%"é‘ﬂi*’;‘iy ones

r | i It} 8R0a k&onk PakAIC &vlich may be
(m%tﬁﬁgﬁ%ﬁ%%%@g?}ﬁwygﬁg%ﬁ ed %e_cr?r?i que for the Y
made po glats, qnatd, cgetntie or @ae@idoatiudterymateripl andiggnerally has only the

function of closing the device in order to protect the inner elements. As this second part
is generally free from functional elements and thereby provides more free space, the
getter material 13 is preferably arranged on this part, as described for instance in patent
US 6,897,551. The preferred technique for the deposition of getter material layers in this
application is the cathodic deposition, commonly known as “sputtering”. As it is known,

in this technique, a body, generally having a short cylinder shape (called “target”), made
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application is the cathodi c deposition, conmmonly known
as "sputtering". As it is known, in this technique, a
whoay/osggemer al | y having a short cylinder shapePCTE20&d00824
"target"), madeof the material intended to be
deposited and the support which to formthe deposit
are arranged in a seal ed chanber; the chanber is
filled with a noble gas, generally argon, at a sub
at nospheric pressure; by applying a potentia
of thi friateriehinéendfd tdbe nﬂagmmtpd. dad dic suppol HRgEhich tg dpm thegfeposit

| f t
e 3 PR g GRS Dl B2t
argd)€atNPuB GaRsplericopicsate;abd igpdyingres mmnpabcﬂuﬁfﬁdnc&r of the

accel erated towards the target, thys erodr}‘?g
magnifpdetof theesasdso @8 oat ©F i aweﬁec}f@élil mg of § %I%ih%‘%fémneused)
f 0
bengéyé; ttgsngasfg élgu% &%&1@8%“ Y bnd BY aRSWR] B ﬁkgolsrgééqsraemzed

oeopen|n5|t|s ssi b

andithe {028 1s6 ip@ddubéﬂé arr z&aelefatﬁdhlbwards[ihc targdicthas temglmg;jdm 1tnpact
has to beformed As aIt atl\%e ?;'ﬁg qﬁ can

the cxpdademalsgial diapesitsr oy the \AYallahigyspiieees, 11 %.QS&PR

emﬂl%hg ‘Fna?ﬁﬁg Sydiéias {ded %{Kﬁ%@g%eﬁﬁ%@ it ﬁﬁp&stsibv@toqaanct the

which reacts with the particles
areeofiitle duppprttvﬂa:rt megbpoauhha}atg dodermsidade apral@té‘@éil‘fﬁg sputtering can

terjal,..that I8 It 0 e cLi0
be GiPER e ol TeRE i gRBEY e B b FRCh Snal
per&n&iges of NRAGRE %@sf dxlyge® per iﬁst&ﬁe Oévhibhereh&ﬁfﬁvﬂa‘ﬂm particles
been formed on the two parts, t hese are

erodezdg@t Fher tatgpt HeBRFERAR Ph?émpa%lﬁ@gaa Aenostt é)rfl 61?%&%194 ffat results
frorp tﬁg?eafgoseéf 2 Gfe&?%ﬁ a5 av?ﬁxesafﬁ é{{ggl?%/: Ia(?IFCyI el all g;é%erﬁ@rﬁé Rékded

space
for th‘ee @aidnyoﬁ)thetmm hfveobednhformed en thevwo ganenthescTare joined

I ng can be acco |she unger ou h
toeshE Y W EChEn SOHA BRSNS SImetil i Gev I i gpicro-
devﬂ%sé s sb£1¥d ﬁpef‘élb%sﬁaﬂe PR 1si REhRAENBLeMd dRnlivdly protected

parts a mall eable netal such as indium |ead or gold
ﬁomsh@blaaeem,vuamd‘aMau& ng this to nelt and solidify,

P S BP0 i o

esu

confiribh a@ﬁﬁnw logli“Basdihg’0M tfe FosEibAINY Cahsisié it hgthingdetteen the
of view Another type of bonding is'the anodl Cc.one

two( pestsr Jablenbleoneial siedr 28 By ileadry solihisdrleced; andygafisingythis to
| t ({3

B8 B R MR B IR Ut Bl novoves

teclapphd eshliseh neerontgieetyweligde mldngstfrcam the hecharicak direagibfpoint

NN NN T SR CRE R

supp@is is ﬁ'i&deoﬁt ARsil u(qu Qnd gRAithe dne s of Elﬂ%ﬁ)hﬁ/hﬂﬂf:&ﬁ@ ))otentlal
owards the su qt at negative potential, and

ifferegenf ohott1ORBGTS bl hEEEmane Sxg GBHS KPBhLs [FBSEure of

abotu9 300 — 500 °C; in these conditions there is a migration of positive ions from the
support kept at positive potential (e.g. sodium ions from the glass), towards the support
kept at negative potential, and a migration of negative ions (e.g. oxygen from silicon) to
the opposite direction; this material migration between the two supports resulis in the
mutual welding thereof. Another possible technique is the eutectic bonding, wherein a

layer of metal or alloy, able to form an eutectic composition with the material of at least
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the opposite direction; this material mgration
bet ween the two supports results in the nutual welding
W b@rmed37o Anot her possi bl e technique is the euP&r1T2006/000824
bondi ng, wherein a layer of netal or alloy, able to
forman eutectic conposition with the material of at
| eastone of the two supports, is interposed between
the two supports, so to cause a localized nelting in
the wel ding area by neans of a suitable thernmal i
onetofélad transuppbidsydy mterpesed betwesotthe tro spPAS, S8 tpGeuse a localized

ener al | ed when there are i
melfioh e KB 51 (il ohh Suflfe leimdl @it fowever, the
eutdeBE bbAdin® W ndt @EirAIBY usetl Whea Midbe arrdabgat of inetgllic contamination,

processes. The getter materials present {j’}( %Sgl abl
[

. : e .
e.g.awhen Hhe sutestip Hopsing isi eRrisEout fagrthescy r Brageturing
whi ch-use the her.e ' ' : :
prof AR e AR, SSRGSttt i v
manlifi@6iingdprodésses, witiely user the eteirmbbwocddstrited bhvedingriechoiquehe
materjal of th orts; the achievenent, of.. a stabl.e
b oaet & ppﬁsg:&% ﬁ\dfimg s\gﬂgpggfgwgpléﬂup ylsr Qe rté)gldmgg prequiring the
locd1ZER %@ﬁﬁ%@ftheerngeﬂﬁw{he QG HehchiR@erR@R OFQf stable bonding
stl1con. This technique can al so use an internedjate
thrdughdhis veygensilly caynirexhigh tewhperateasdé-sopbowbl (0 fCeiprihe case of

.parts.. ared to.the previousl [ chpjaues,:

st i SOTRAE ab P Er g ShNAAB b, 30 NI B v

bordBi @RS sitiéh AR, Oambsrell o B pelidedy clied teelhsiyng, bizedt bonding
t he adhesion force and the stability with respect to

allogisr tesabtain mdetteobendirg betwien thealiep Wé{sﬁamec‘mld%ﬂﬁ dBgsgasing both
Vi ' : e ' h f

ey 5 350 MIESBALTVOLE gl 5 SRS Bl nd

medtaaicahsBookenpibraiohe onithérntah ayeleaf Withesuvht 2ty of bonding, the

t.he, wel ded parts._ This e of bonding.is.used f the .
meghigicSbeaRA SR At IR PSS Gebate OBIRPEIIY Vith T of (e misterial
forx%g{sgatjgie Iv&jeidédgp%rt.-ﬂﬁé’ HBBiof baRBhg EAlse@Rs)the HOMESThich Inust have

een verified that getter materials used at
a gpeshailigradriorability 46 B eavidnioapmisetien).ng t he t her mal

treatments.reguired.by.dire nd] Fi.rstl '

¢ nEBUTR i Dol B AP el Rl arf bl Bable
of Withnglisd theGhetnal tréditheARrpuiteddiyCditect bardia FREN! during these

ich may result in the nelting of the materi al .
thegmy osgaments gnosf getiqsanaigrals gnderRe sEPpg giragiura #nd, magphological
1 Ni g i . t

e Q5 AT UR NS RUBPSERIRIFNEE 15 rShBEL ) Bl cs
of tha citbd St a&ealtuly);nth¢ mimguinh eonyequence oberredas thearearlygatal loss of

the functianal rts_of e.devi ce d,..after -
the.g3f SOIPHPE AEILGHEY (i SEUT: WOHp FoTEIgcat rasttfs il astigr paferigh can
“w QPR RIneRof N BLRPEF tht MR NG, ATRS selidifdtion) it @M@ REMmPletedy alter
and new condensation of the getter material on the
or epd@\@@_é rthe sapefation sthigreof.a s Fope RaEBsE rRAERl Wapﬁratlon and new
ive.conseguence ;
cor@r%g%"tlgﬂ]otf ghaet geﬁgrsmgt(é%%l og{)\:gé ?@ ggF%Y E&l@apg? ﬁe{saa{léo%en%‘agérb&f, with
negative consequences on the device operation. Another problem that has been observed

with all the getter materials is that, if the deposit is formed on silicon, it detaches from
the support during the cooling that follows the bonding operation, so that solid
fragments can come into contact with the functional parts, thus jeopardizing the device

efficiency.



10

15

20

25

30

with all the getter materials is that, if the deposit

is formed on silicon, it detaches fromthe support
waleworage3rhe cool ing that foll ows the bondi ng OPET/EH20@100824

so that solid fragnments can cone into contact with the

functional parts, thus Jeoqgrd|2|ng t he device

efficiency. Object of the present invention is to

provide a process for manufacturing m cronmechanica

devi ces conprising a step of di rect binding of two

sQiyjestt opahe¢ presentrivehtionrist ooprividsl enpropess for manufacturing

accessari and a getter naterial nt,
micE R IS iSRG PO RSt o g uE SV yBEor Bhts on
whlﬁﬁl%ﬁcﬁoﬁ&l Q8hEMRE, d¥BEs8ricR MdCR ek enMbriaM ard pteda] asgwen @s to
manuf act uri ng@%rocess These objects are achie

provide d‘rr@i mglcxf anipal edevines j and e frsHy aft getier @%@@3& cppgble of
ur| i cal devices conprising a
wit aé‘:)é aggjt?a%ﬂlgﬁ%g%? two support parts, one of
© WTHeBe bSJeBT@%e edhisieliaccordmadotthe pﬂ:tsht&rmmmon svithaalpragkss for
silicon or, of a sem conductor, .ceramc or, 0Xi

manrecying migRereehaniqal deYiceh SOMRTIHRR ft $em 0F dbf&%tsﬁ’?:ndéng of two
supﬁb% E%ﬂ% %}ée g L8 nfifde bPSIEGY hrﬁ?th@ ot 0RS Bthad¥ o &ilicon or of

the 'support parts, and wherein a getter
a semeiteduator degparmict ori axiqic Mmal,o\nhqxem. ﬁun@mmalgdpmgnts apd possible

risin S Vi di fir
T elgtes PLe S TePEREn e ahid sl 3 uS SRRt ppgs wnd
wh&bRne %Eﬁer%at‘éﬁ@l @?\S!ﬂ@@s BfeSer Winl 4 s1li@6ﬁ)\$uﬂ$difgpm S@@qmﬂmg the
support part; first and second suppor arts
stensenfngrofv 1g:a ﬁsst shpporbpart whera fweationg] cleresys ﬂ@ff msalble auxiliary

elerg?rétﬁgﬁ{}ge cgr ol el ?%gﬂt | Pcpfgéﬂhggaggepossql?ﬂél? gaﬂg%{é&e g?srt ¥nd second

suppOiR RAS Hehy fot’mlnéd tsuch thappalidn patitg they &smt o cﬁm;rmsbarem said
cavity and wel ding said two sapport

rts, b
funpiéonal n@jemgﬁs,d apriders sl ﬁatﬁnFﬁg 2B PRl ofriFEL 4\5?1’ {ataf%al?odlse‘i
appe&acht aslupggpﬁ ]§6 Sis ftOrORA AU 8RS &id WeRhg said two

supporgt part by first operation of formn dq
supporttjaets byl divest bnmplpg; saif grocesn hemgeq:hmtngdugyb@t sid getter

di h
AL S5 PR O o S A 1 o

for&ROS th RHicBn S0’ pa@%ﬂﬁteﬁhedlat}é%yeh ai7 b Rgrebis, ckmess or oxidic
not” hi gher than 10 mcronmeters onto said internediate

matealyb haviagdthicknessaof 1 legibt 3e mapemelersal andnp| 9 opetgfion of
dep%ls%?%n Cg%“%ﬂn%e@%l kércf%'% r{#&%ﬁ@es@%o& Er Rar? §6 ‘i’xﬂgrometers onto

osen ano enum niobium tantalum and
sald utne@ﬁ@lﬁate tdyer;eind iz |t]nm: ol gettel snaperizd emplayed pean elioyagegaining
nprised between 70 and 97% by wei The |nv nt i
Ziregim 5@5 21 Ieast frosequd Slomant Sh9SSP PERDE &W@%ﬂ%f Pk, tytgelum

and MRgQEAWVAESn zirconium is present in percentages comprised between 70 and
97% by weight.
The invention will be illustrated in the following with reference to the drawings,
wherein: ‘
- Figure 1, already described with reference to the prior art, schematically
shows a sectional view of a MEMS device;
- Figure 2 shows the main steps of the operation characterizing the process of

the invention.
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wherein: Figure 1, already described wth reference to

the prior art, schematically shows a sectional view of
wabkmhBeadewi ce; - Figure 2 shows the main st epsPOl/T120e6/000824

operation characterizing the process of the

i nvention. The inventors have found that it is possible

to prevent the getter materfal deposits on silicon

supports from detaching during a direct bonding

process if sone particular getter materials are used,

i fTHedbvendors hbvee foantl ehat itk @ossitile énpregentithe peties material deposits

i.nt er pose n i nternediate | er ein made af
on e 0o s Foah e AU T AHE e P Rpore I fame partcular
gett@ﬁkia%aﬁsné&e' L‘ib‘é&r ﬁ'eéia't\%&l TRYy&ktSr B@Y&mﬂ) ahl i SWoAris interposed an
t hi ckness val ues as the process of the invention is
1nte¢:m9d1&t@t1@fef beitl g myaderns am@wmrmwm exidig metenigl, andif the getter
and ¥ heRS Jers B TEEAD I BRafhs PR BOVRNAGERE Br iilhdhion

is ch&a&bﬁﬁd e ﬂf@ébhf:@@f ﬂfellﬁ‘@nﬂédiﬁeSS}%S ayultbb tHd: ﬂeﬁ‘ﬁmon of said
bondi ng, only the innovative features of the process

thiokpessesp &hile fei ths empindercapgrationsitiis gompletelysimylar pg other MEMS
mari'ﬂ{fgcw I %%g%ﬁ‘\wﬂ? 8ﬂecrt ggﬁ%fégt % e}aihlgﬁltlios, ﬁg@fé&rﬁtu&%ao?%process
wilkhepdeecribedip dstiatlén the fohewmlge wher e MEMS functional and

au Slll?,%glr@{‘?lel errer%Pa,f (g}egﬂ %élqu Stpgcgerlie?g éls,ltlglsh?pe@r %?et to%froduce
the @ﬂ'la[%f‘ton B sidpoyt bﬂgpo@ﬁe qyile anet Q'hElléoﬁﬁMB' fuh6sbdal and

art” that the invention can also be applied where
auxuhey glements arepsliy tescbybimiheextstonf th@ed@anptlcsumﬁ@mce will be
i.onal. nd auxi.l.i

madiid 8 Sarofifint ot b PR i At o Mtse UGB iR iyl B gpat the

invéraioardad lalsoaeedpplive eRfe thargeler dupbsit &lotbinedyn MRAGEnOIupport
vari ous techni ques._ For exanple, the internediate
caryiiedhe fptional gad augliary elemsnéous or ceranmic SI li con

Cofﬂ%o%ﬁqatl(%tegf t@ﬁh%n@ﬂlafé' 15§érda§1d df'thb %eﬁ e SI afsféz& thereon

| ayer can to grow starting fro |co
cans}:wmametd oy bryemcanscuﬁ various technimpres.dforrexamplye theateamediate layer

1 t | t t el it..i .. ) )
maf, be arae & GABR of HECISCHCa OBl B R AT piHdEn tis
casé,ich '@eﬂ@&l@bb Q& ﬂongrﬁwsdtﬂtrhﬁg Froni ee QH@(QL Q}bpbfteﬂ}f@actlon with

treatnents of diffusion (known in the
OXygeth wemlrpa@p 9t C wfﬁ@n@retpmperems@ of el’cm@tl\reé)yérls mmrbé%me@lspt the

tec}ﬁﬁ%ult‘egcr’frsé tec ini qugg t éﬁﬁfra l§t8f !‘F%‘@ 110\%@&9 by thermal

trealtlﬁytﬂﬁ sf disfusion t((keovm i, thp GeRI d@l Ynicatiaghe renrdfs]f theiso dorned layer

%h control of the gﬁ:onetrl .c and structural
homog neous as to structure and characteristics.

However, the preferred technique for the growth of the various layers is
sputtering, possibly reactive, offering a high control of the geometric and structural
characteristics of the layer under formation at a limited cost. Further, with respect to the
previously cited techniques, sputtering gives the additional advantage of being able to
form intermediate layers suitable for the purposes of the invention with materials
different from silicon compounds, such as e.g. metal nitrides or carbides.

The preferred way of carrying out the process of the invention (deposit by

sputtering of both intermediate and getter material layers on the support free from
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characteristics of the |ayer under formation at a
l[imted cost. Further, with respect to the previously
W@ aog@edsechni ques, sputtering gives the additiPEEIT2006/000824
advant age of being able to forminternedi ate | ayers
suitable for the purposes the invention with
materials different fromsilicon conpounds, such as
e.g. netal nitrides or carbides. The preferred way of
carrying out the process of the invention (deposit by |
functjpntl eemengs)ols desertbedrin dheréelloating il 1g&rence tﬁﬁ‘ﬁ@ifp & Wherein
- layers on.the .support free.fronfunctional elenents) is
the Blgéf?ﬁsl%eos}’lowntlﬂés ei”?%wsﬁf;l%af 1'&éference to Figure 2,
WS EaE Dat hewe | L5mppbR 20, Sirsil@wo suppat $2 heRigire 1 but having an
sectional view Figure 2a shows a support 20, simlar
upside-dommnsientation yfithpeepeettherefst havi ng an upsi de- down
Ory. [ ene r : )
¢ OiEk bRy e o R et T infer BBy S G sy 20,
Thes dppsition2@ pidferabliyp osried oouti en pr eéstrictbd yarearafi spporit 20, by

posisIRE M3 L (e SoBRPET LRGMIRRVTRR i gpeain a2 eAgine the
arealgéf %i%&)gfg '2?%15&?@ {1 8ol iSHPROImeE hbardws e FilaReSbtindicate

ornmed; the arrows in Figure 2b indicate the
the direaivni of theofarti¢ies pfthe imdterial ghosen forrthe &rmation pberinterpediate

t romtion of,,.the internmeda The .
laygopdc Fe JE0k5Ss o e ABiehREAHETORF b tilirfibo, &1 o pplt frown
in t86 field, b adfabtinghe\Whodes tife, fhe Pother Bpplirdjbsswesndanblie and target

process tinme, the power applied between anode_ and
and; the distange Betwisan ghesterast af hempieinl te e dapesiied grd sypport 20. The

il  HafEATLHESoA-ayBRta enlin bk
thabwith Ueweri thickissdsethe defastemers o f tlieagetiar tdyet swbsequently formed can
oSS 1S SR ASATEOL OBt haVGk o v
timb b &e?béiﬁ&f-‘S& ige | iAMBhedib@N 13eAMEtill NerR0A8E étimal functional

mnimze the time of deposition of the internediate
charayeristics Tihk|deposition nf layet 23kl spulteritigoraa also be carried out under

characteristics.. The deposjti | .
rea i D0 Pt sl Ty B E 0 ol et Mo n th e
gasC PlRRiitd A\Skidd & the Askane forining Kehpryesence of small

amount s of oxygen in_the noble gas, yielding.an o¥|de b

asThfh@W%?Pe&ﬂl%‘?ﬂﬁhﬁg}n@HE?fh‘PtSa@fe.r HhECF, drigpit also 1n other
wagﬂ? %xagka?%%lﬁfwi&ﬁﬁt 'ugﬁlg ARk &1 BVRE dehskifiéh pREsE! BF Witbrmly

SO I'n er ways, for exanple w thout using the mask

dep%ﬁitflng thmmatbieipbfef }a’yem21) batsesupport A0iahd Ithdnysebmg‘@)@ztrbmgwng itin

t he material of layer 23 gnto s ort 20 and then .
ordEfoceltHih ISR FFIEDE 1 FHioraertnt Bl Rk ReY Bedyapirgd for
theWPOFBbA ¥ sdldttilvB kéinSAs 8f pérfiendisahOthud deRssitedBiyene

required for the operation of selective renpval of Al )

pof'h¢ ewhseqfent peratinmsisthp depasifipn efyihe getier material layer. Also this

operation can be carried out without using maskings, by uniformly depositing the

material on support part 20 (where layer 23 is already present) and then selectively
removing the getter, so as to leave it only in correspondence to layer 23. However, also
in this case the getter material layer deposition is preferably carried out by using a
masking system, so that the getter material deposits only onto the intermediate layer.

The mask may have an opening that is smaller than that employed in the operation
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The subsequent operation is the deposition of the

getter material layer. Also this operation can be
w@a0o7ioesd7out W t hout usi ng maski ngs, by uni f or PET/IT2006/000824

depositing the material on support part 20 (where

| ayer 23 is already present), and then selectively

renoving the getter, so as to leave it only in

correspondence to |ayer 23. However, also in this case

the getter nmterial |ayer deposition is preferably
shayyy o gurs 2b, Byt nysferaylatheesizei shpps yud elignment ofithe ¢pveing are the

s s 4 Bl A0 RLbRof T ol gt B BRl st aren
(antlfiberebnits ganguirbiyie ebility)} thesopefatdduonateohs e aEb&ﬁ?lﬁsh%@ in the
e

but preferably the size, shape and alignnent of 1
mogh,eavRRledl way by «upiaying thesaae grasknkensrie\copsignt alignment with

. . , e ' 1
s ARSI 1 2 6% SR B oMSPARL broces.
usipg fegramednasinidr thedws dapesition opfrhtisise thes afehdns®atively carried

cqQnveni.ent way b l.oyi ng the sang nmask, kept in
ot i e el e oG g  S8pcRY. SBPBPPRcingARe toREet pf the
intdriediaWl aPeeh Abri D NGih the g&te?'rﬁﬁ%ﬂli(dfl%fégg&f hg E%J%ﬁl ehe time. of using

process. By using the sane nas position
the dpertatgetnen thenhasis ofrthe slosiswlcthicknedsys 6arthe éeto dayersiof idifferent

S ' .St by sinply replacing the .
a5 S AR SE o 05 oo Bl R Ao i
2b, gretht epenimy 22, ihsetl a6 dejosithlle petied Sidtdthl {dyer b4 MBsPfn tHidl dAgk the

ets on _the basis of the desire

he, t et s,

aﬂ‘%ﬁ@hﬁ@@&@é&r%ﬁ% REthe\gstiterpateralrartiples heingdepasitasy | al s.
Thon : . ayers® ¢ _ abed
TR, gk PERARLEs) s DS i N8 bl pun 0

sane nas
This shdispds ipossile wient the depositsi @l bd fyrared Mhye dhtsral idimedkichs not

e the arr indicate the direction of the getter
tow§f i R D SRS Sl st dim iops i obsanydnresort
to 1&hdgrbhit @RIRS bRy depiitiinCél tlfébduﬁg&t |o?'fﬁm9\6ErUV—sensible

sypport part 20. This choice is possible when the
OIgRHp JBipEals.o cxosLsy ipe & Vndight |aad esekictivié remevainwithothemicals of

{ -3 ' ters. helow these
‘engl m%gﬁgﬁg}(ﬁ? 8(:1§sp 0%g‘g;:)nesscss?f(e)lsrag8 ﬁfé&?gg%orr&m\ggo iR RS PR WP known
in thadiedd ofhhisiovidtbyicsl@pdshit &m BE abPleeds PRR! depdkitioh! &% getter
of. .UV-sensj bl e organic materials, exposure to UV |i h_%
matgrials a5 dg3qribgd ip dmipamational patent anplisation WEH3006(109343 in the
apph&mt8xeRsed) portions of said filnms, according to a
procedure well known in the field of mcroel ectronics
arldhet geiter cuaietidl eqpmatible watht the diegpodiohding afergivht &ran alloy
el as described in the international patent
°°n{a5§%% CZQ{C?‘%IH“\»B%&&F& B AE0qG ?f%@eaﬁo ﬁfl?S@anem%ngq apelybdenum,
niobitne, Getaheh an® hiipktah, WIRHIRAZRbSuM i Brdshs if pERE tag&%&rﬂﬂised
eration is an alloy containing zirconium and at

0
betwegRs10 410 S 5n &Y ey st Prefhisble thersergndilgrhets rismhosen between

niobium and tantalum, and in this case zirconium is present in percentages comprised
between 85 and 95% by weight.

The thickness of the getter material layer must not exceed 10 pm, because the
inventors have experimentally observed that for higher thicknesses the getter deposit
detaches from the support during direct bonding (in particular, during the cooling

following the bonding), despite the presence of the intermediate layer and independently

i
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ni obi um tantal um and tungsten, wherein zirconiumis

present in percentages conprised between 70 and 97% by
wowioglosa37dPr ef erably, the second el enent is choOBENIT2006/000824

bet ween ni obi um and tantalum and in this case

zirconiumis present in peﬁﬁentages conpri sed between

85 and 95% by wei ght. The t"hi ckness of the getter

mat eri al | ayer must not exceed 10 mm because the

i nventors have experinmentally observed that for higher
fromh hecthivknssssoftthis lgters the thicloess of this layercis preforablynarger than 0.1

support dyring direct bondi ng..(i articu , during
e S TR S R R e O

PrEReqffrephrell NAppdtt %&ﬂmﬁb, avieh tiky addited of layers 23 and 24, then

I ndependent | yfrom t he thickness of this |atter; the .
undetgoek thesubsshueriiogetatigusrofj the NENIS manufactusgaro¢ass,n garicular

s _f.or |.owe [, G: F bhis

the ke HRudif iR Furbl HEOSTRR AebE 5 ATBHA AR, ierer o
ensiré@ @sbdi quatity of thealrectshbaddimnit i2 prefedable thaidbe Goe sutfies to be

subsequent operations, of the NEMS nyf act uy.Lnag.
welgebiogser 1R PEAEIER|SHPICEH 8 ClFRROEANE SNy ffign treatments,
suckk 48 prﬁgéha!nicﬁﬁ gﬁﬁﬁﬂﬁ’é t 13%%2% oéocheﬁﬁcaﬁ NOYRires. Th&se h@ltthents are

Inorder to ensure a ~quality of the direct
preforily paried tout beforeethe dapsitianhgiepst ¢fethe wermadiaie ard getasdayers,

| ded t.oget her ar.e. prel i.m nanry,subj.ect .t [ .
but Ji SapkERE Hor it Bbane) B aPOusy sugr?, 8 R i the
intefRfidaM $:3dnt REplicHRbA WO! 20B/02g558 irCihe NipsAdany’e SRinegThe sealing
These treatnents are preferably carried out before the
stepdeasoalse bersasiasputdn theArepeice OfPdgiNeR S8 (F- Geb mgple gas) at sub-
I .S, t he I ' i :
sy AR e ey ka6 Bt ERBEISTAR e Rl s Rl oaa gl n
the paxtign forahprdasatsienplaied Befosd. 047558 in the applicant's
nane. The sealing step can also be carried out in the
presence of a given gas (e.g., a noble gas) at
subat nospheric pressure, in order to obtain a MEMS
device having a fixed gas pressure in the cavity, for
t he reasons expl ai ned before. CLAIM5S 1. A process for
manuf act uri ng m cronmechani cal devices conprising a
step of direct bonding between two support parts, one
of which (12, 20) is nmade of silicon and the other one
is made of silicon or of a sem conductor, ceramc or
oxidic material, wherein functional elenents (11) and
possi bl e auxiliary el enments of the device are present
on at | east one of these support parts, and wherein a
getter material deposit (13, 24) is present on one
silicon support part, conprising the steps of:
providing a first support part (10) on which the
functional elenents (11) and possible auxiliary
el enents of the device are built; providing a second
support part (20); said first and second
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support parts being fornmed such that, when mating,
they forma cavity (14) wherein said functiona

web@meeddsz) auxiliary el enments and getter mnaterP@i/IT2006/000824
deposit are housed; approaching said two support parts
so as to formsaid cavity aﬂg wel di ng said two support
parts by direct bonding; satd process being
characterized in that said getter material deposit is
formed on said silicon support part by neans of a
‘first operation of form fgL.AMMShe silicon support part
an internediate |ayer (23) of a vitreous, ceram c or
oxidic material having thickness of at |east 50

nahomeAgsrecesa fisk rﬁatﬁﬁ‘mﬁl%i@%@héé}ﬁn&ﬁl 8’&9&%%%1?9 o a step of
, %ter_ n’ggerl al layer (2 havi ng t hi ckness no lsn éher
dlf%ﬁ Rnding Belvyeshdwe sEpRast partsaper oinwhichd 2,209 i mypde of silicbn and
t -0 r i al ed.is an all.oy - .
the Rt b i of 1RlcEh & ofef SriBfolal SafmiSbe spiio materia,
whetes &émctiomai gelembytb @ hunnd possible nuxilan) aleu®ndNef the device are
tungsten, wherein zirconiumis present in percentages.
Dreg SR L asi R Rl dResS GVBRRA RAT, Whetghta getter materipd deppsit (13,
24)38 GFkdénn Bn t i | L I8 S
e aeon ban e R o TR, SoPBlitins SOREP B iR Lidhke fr
supppl Perit(1Oronswhivhdhe Synctionap eleventsa§ bsambpysibkedixbibiyvelements
959 weight.. 3. A 0Cess, acc ing to claim
of {8 ARfel A Bt Bioting. & pelrbl FipiR: pET Talle S8 Bl i fecond
suppat gertobeing forinda sacttthat, Svhb hiFbih g Qfey forkdd édvﬁ? (ML iR¥ein said
mean qf reaction of the silicon support part 'w tvig
f”nﬁgﬂ}’égrfe BRenist PHGHALY glemenis 9aéssetter cmattivialy deposit airen Housed;
[ o I i ' .of silicon .
epp UL Rl bl HRFTRANESS ot Y Toreh RalEEER40 gl i gria wo
suppera parte foyostiyepe rbondingj said groceso beingpdtardctdrized ih Nh& said getter

o B P Tl bRt ko
forfg ARNthe fsilitoh lsQHSIH Part Fﬂﬂt&iheﬁ%(glazéll {2‘32?5 aQitrddus, ceramic or

.process accprdln to claim 1, retn s
oxidig mesterialibaving essffap denstd5q hamumgtersatdtbaisecond operation of

Ltion. 7. . r oc according to. claim.B6, erein
o A2 S B8l B S GRECD RBe Rt HBT  Ele
onte seidl inftéraiediatSlayéy; RA@ G5 the ek HIBHal letrlbRAT Bn alb}Ed Bt Aning
. the cathodic deposition is carried out on a restricte

ziregpigm d &t feast pecend clemspbehosgaamonmyplybdenysh,aietigmotantalum
andSighghtchl RAREdin RAthni th Y L0 4%

t ha%g defg\?%esn ag{zgl}lg%ﬁgﬁ}f %Sa@slﬂr{é%é% éﬁngPf‘&*pé‘?%ka 70 and
7% by meight.

2. A process according to claim 1, wherein 'said second element is chosen
between niobium and tantalum, and zirconium is present in said alloy in percentages
comprised between 85 and 95% by weight. |

3. A process according to claim 1, wherein said intermediate layer is made of
silicon oxide or nitride and its formation is carried out by means of reaction of the
silicon support part with oxygen or nitrogen.

4. A process according to claim 1, wherein said intermediate layer is made of

silicon oxide or nitride and its formation is carried out by means of oxygen or nitrogen

ion implantation into silicon.
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the deposit will be formed. 9. A process according to
claiml, wherein said operation of deposition of the
wa@edwesesnmt eri al | ayer (24) occurs by nmeans of PCHITR0@/®0824
deposition. 10. A process according to claim?9,
wherei n said operation of df]gositi on of the getter
material layer (24) is carried out only onto the
internedi ate | ayer, by placing on the silicon support
part (20) a mask with an opening having a size |ower
or Sequdl proesss henording thelaimdkwhereid the ldmmlﬂmﬁat&m ile foltfwed by
' di ate layer, and._so. aligned to the silicon
theglﬂglp%é%bﬁ%{g?f ToE™ P%%'ttfotgﬂbgl P8 Fntﬂrﬁﬁ’é’PP'al deposits on _
sabd | Atgoeessliaséording e claml ¥, wHekein Aaidl ﬁf&ﬁédﬁfe‘:ﬁx&‘ B %ormed
. to_claim10, wherein the form ng operations of the
thrp idepogiinget ter material |ayers occu:r by
enpl oyi ) . JM i gnmen
i Th’y edabe SRR ol ) whlihih (O SIhARY Bpb AT s place
in prgbesenditions. di ng to claim 1, wherein the thickness of

ial | o i sed . 0.1 and |
108 o AoccRs picsrding 6 S AGNTD R HS dpesian Briarriod
outSsH 4 REERtedlar&Ad hé WiicSN RRPLH pRATDES), b §g‘§?‘§§d§% thid support part

toget her are subject to cleaning and s _
a mﬁe‘g (31) vith snopening @Bhthet definss en wedadifisgid siliconAuppart pars where

theg%ggsgﬂj‘/ﬁ]lgoetfgnﬁ&?i m 13, wherein said treatnents are

n anong mechani cal polishing, |apping or cheni cal

waghi ngprockss adsopdifg 65 laitk ¢ OWvHéreHh dafl 6pcthtiBnlof AUPBEEDA of the
sai d operation of welding said two support parts by
getigr Fé‘&nale)[ﬁ‘b{ B ) pecurshy megnsicathadicdepgsitiarence of a

noph.e g330aks SMBAAP RPHGM: 6, Rh&HWaGt operation of deposition of the

getter material- layer (24) is carried out only onto the intermediate layer, by placing on

the silicon support part (20) a mask with an opening having a size lower or equal to that
of the mask used in the formation of the intermediate layer, and so aligned to the silicon
support part (20) that the getter material deposits on said intermediate layer only.

11. A process according to claim 10, wherein the forming operations of the
intermediate and getter material layers occur by employing the same mask (21) with
constant alignment with respect to the silicon support part (20).

12, A process according to claim 1, wherein the thickness of the getter material
layer is comprised between 0.1 and 10 pm. '

13. A process according to claim 1, wherein tﬁe surfaces of said two support
parts to be welded together are subject to cleaning and surface modification treatments
before welding.

14. A process according to claim 13, wherein said treatments are chosen among
mechanical polishing, lapping or chemical washings. |

15. A process according to claim 1, wherein said operation of welding said two
support parts by direct bonding is carried out in the presence of a noble gas at sub-

atmospheric pressure.



