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1 METHOD OF MANUFACTURI NG MULTI - LEVEL, SI LI CON,
M CROVECHANI CAL PARTS AND PARTS THEREBY OBTAI NED
Field of the invention The present invention concerns
a met hod of manufacturing nmulti- level, silicon,

m cronechani cal parts and the parts thereby obtained,
used in particular within tthe field of the

wat chrmaki ng i ndustry. 5 Background of the invention
Current techni ques for manufacturing silicon,
n1croEechan|caI oarts allomqthe vertlcallty of the

manuf acture mul ti-| evel OBTAINEDN a si ngl e silicon
waf er, using current techniques. An alternative nethod
of producing multi-level parts is proposed here. This
met hod di scl oses how to obtain nmulti-level, silicon

FéldofIRe Mventibhom singl e I evel silicon parts using
current nmethods. 15 Sunmary of the invention It is

t h US a'11'!1@0 Efé’s@nt %vérlitﬁ)rp 'i:SﬁEé‘rtns' QVr‘ﬁEEHdE? of %Qﬁ@l’é‘cﬂﬁir@ muiti-

le and econom c solution for acturin
ri@N’Qh siligare Imicraroecharicalmarts amﬂath&parﬂs thereby |obtmned used in

HRe it el of 88, WRCHRlais duBf ot col o

for making a tinepiece novenent. The invention
t herefore concerns a nethod consisting in: -2- a)

chinin I rst %Iement or a plurality of said first
Eatgggmggﬂ & g&e inventi

Current techniques for manufacturing silicon, micromechanical parts
allow the verticality of the sides of the parts to be sufficiently well controlled
for the part to be used as a timepiece mechanism 'component. However, it
remains very difficult to manufacture multi-level parts from a single silicon
wafer, using current techniques.

An alternative method of producing multi-level parts is proposed
here. This method discloses how to obtain multi-level, silicon parts solely
from single level silicon parts using current methods.

Summary of the invention

it is thus an object of the present invention to provide a simple and
economic solution for manufacturing multi-level, micromechanical parts
from silicon wafers available on the market, said parts, whether they be
fixed or mobile, being used in particular for making a timepiece movement.

The invention therefore concerns a method consisting in:
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first silicon wafer by chem cal or physical neans or a
conbi nation of the two on the sanme wafer; b)

repeating step a) with a se¢dnd silicon wafer for
machining a 5 second el enent, of different shape to

that of the first elenent, or a plurality of said

second el enents on the sane wafer; c) using

posi t Loni , ' t :

PO BT, B B s RSl WS4 8 biemerys in 2
agai nst firatbilioonwafedmy chemicaiion @higsiaal meadstdrancamnbination
t he ass&i}h forne nstep g in the 10 presence of

an oxi di étﬁ’é’eqﬂ $aMS WaR nately 2 to 4 hours,

and e),separating the parts. This thod structures . .
each bﬂ JroRatics stae 9) ih Ba?ecand: Al ﬁﬁ?'éd‘l"%ﬁérf‘” maghiging a
proven shdeRid ! of @ffdfnt YIRRe bithakBPHT st disent, or
than 1 mm 15 In step c) vari ous positloning nmeans are
possi bl ea plurality of sajg secand elposints onitheg samet wafarno
elements that will formthe final part, prior to

per f oci ugjnd pasitionintpmeans; placimgrtbetﬂrsirmd socahedelments or

physi cal O £a¢ ot her detai | ed
Gosor | piihSrSt ST Ssafhd arerh dodd utee 085E cakbrbther
nmeans h rely either on r Ki i.ch are .

f or met] .Rﬁr%dnaaa?ﬁ’%ﬁépé\ﬂramnﬂfﬁﬂ%aﬁ%enqﬁﬁﬁgfrnm@ if §ep ©) in the
el ement sprabenéé fdfcér\”cﬁihlsmgtégérﬂ%r @pﬁ?@ﬂl‘n%tél?@ 19 Murs,
|'inked by bridges of materrall or by using a tenplate

for posﬁﬂq oni ng the wafers on top of each other or

el emrents that are separate fromthe wafers. Step d)

of oxPBHisgpagatingthenpamns.ace bet ween the wafers can be

25 performed by a dry nethod with dry oxygen, or by a
wet néhisonhetihad si‘mcmres wapb wlemeéot obttenfihal part with precision,

R %sef% FREtSuse ikiantie E@S@%@nnamm

known, t o, t hose nthe art andretﬁ
ISR Bhgatigs PosEonihgoieans are boss

positioning of the two elements that will form the final part, prior to

e to ensure precise

performing heat oxidation to connect the two elements physically to each
other. In the following detailed description, two examples are given of
positioning means, which rely either on marking means, which are formed in
each wafer at the same time that the elements are structured, with the
elements then being linked by bridges of material; or by using a template for
positioning the wafers on top of each other or elements that are separate
from the wafers.

Step d) of oxidising the interface between the wafers can be
performed by a dry method with dry oxygen, or by a wet method with water
vapour, for example in a furnace heated to a temperature of between 900°C
and 1200°C in accordance with techniques that are weil known to those
skilled in the art and reported for example in the work, “Semiconductor
devices: physics and technology — editions John Wiley & Sons, ISBN 0-471-
874-8-01.01.1985 p. 341-355".
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devi ces: physics and technology - editions John Wl ey
& Sons, | SBN 0-471- 30 874-8-01.01.1985 p. 341-355".
-3- This oxidation can al so Bbe performed by any ot her
met hod known to those skilled in the art, for exanple
by | aser anplified oxidation. It is also possible to
obtain a part that has nore than two | evel s by

machi nryg o%déﬂbh%aﬂ hise o O{mé@%& 5@‘0 )rﬁ%tﬁ%%%q'n to

in ste met

rtbpggtsﬁmgdm tj]gatt)for@)(ampdie by lasawr@mpltﬂeddondatmrdl ng to

the invention nakes it easy to manufacture

mul ti -1t evelsp midsiblertp obitaincaganhtiiat daspanars, thamMoaevels by
ri.n ates..or slotted brid es reduct i on, whe

JERENARR a"1rtkCShn inBeBAt Sab: BE intadsalgd i 316D 'Y o the

tethodpbr Qﬂeﬂét Ef@ i RipeRfifg @té}ﬁc)f aﬁhha%‘; and

advant ages of the present inhvention W ll appear nore
cl ear I'phd methsy B@éér@md‘& ﬁ\%ﬁﬁﬁéﬂdrpﬁa@fes%%@ f© manufacture
enbodi nents, given way of non-limting

imuitidevel i sdliconn mlcral@eshanl@el thartsh esutin @se hedrings,nplates or

Sy i oI A

Jevvel hol e and endstone - Fl gure 2 shows anot her
bearing that can be obtained via the nethod, and -

F 3 .shows reducti on wheel set that can be
%&iﬂ%&ﬁ—eﬁ%@—% WIdhod. Detail ed description of

the i gur Is.a schematic diagram of the

st eps %aagfaﬁvan@ﬂ%ﬁ f ﬂ’g? pragentdgyemion wilgappear

1ﬁoreaclééﬂ§’ﬁn ﬂieemﬁﬁvlrib Qésdlﬁﬂt% 6Pé)fﬁinbiéeemb83ﬁﬁent§ given by

hol e" and a second elenent 4 of which for .
‘wan ef aB-imitiygiilustiajion: withdieferesicerte e anraxed diasyings, in
Wifcironpri sed between 0.12 and 0.35 as

- Figure 1 is a schematic diagram of the steps of the method for
obtaining a bearing with a jewel hole and endstone,

- Figure 2 shows another bearing that can be obtained via the
method, and

- Figure 3 shows a reduction wheel set that can be obtained via the
method.

Detailed description of the invention

Figure 1 is a schematic diagram of the steps of the method for
obtaining a silicon bearing 10, a first element 3 of which forms the “jewel
hole” and a second element 4 of which forms the “endstone”. Typically, the
dimensions of these jewels are comprised between 0.12 and 0.35 as
regards thickness and between 0.70 and 1.80 mm as regards diameter.
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regards thickness and between 0.70 and 1.80 nm as
regards dianmeter. -4- In a first step a) the first

el enent 3, but preferably a 6Iurallty of said first
elements 3, are machined in a first silicon wafer 1.
In fact, starting wth a comrercially avail able
silicon wafer, whose dianeter may vary from between

75 mTlrFQfﬁ*leétégl %‘é‘ ﬂrs’?’@%n% 3tbdt BRFabR £ hﬁ’ahty of said

structure a ity o mants awnga
fifst leterpentsah awrmathipedhin akiirst siliobn wafes“lmhfhct,lsiartmg with

Rl iRk, SMton Wafdh, S ineted, Ml "vary from
bem@ﬁ mommetopaFFrcﬁmd@y 30 nihh MmN pﬂsé?b’leetd? Btrﬁ@ture a
be ensured that one surface of

f
ity o6 SlementshaYing RediAMAter AblseHa0ram. 1hedBickness of
{ng%véfgf' & Qﬁéﬂkﬁgég%éﬁ 1. &hidH %h{:%'ﬁaa?@?v@'t% ;lmeptece

treatnent. are structure
dimenaienk nbuih this thidewssskidy og bnoughi mtthdnyprecise desired

88 i B RGBT 3 Bt Sudfoans, plitace of the
wafdéraemaing hapslisheat mfetheratlhémésfeewwwthke Rhishs dubfdaled to
of SI | icon machinin The nmet hod that provides 15 the

g slightatyasive tegatgent. si des cut perpendicular to the
surface of the part, | s the RLE techni % (Reactive
lon Eclamens. 3 gracetrygiueed Ebmﬂf%fué by pes known to those

SR B WSS TR PTOBINoOPirPia eBdting ftoBbn IE FradiCromed.
'ﬂ?e catdt:fb??l clanrl:taweaérriedrmt |ﬁéacr:grdﬁmce viithr sar:]?lssemetrstdtgm are
Bspriticvi it fis g@oﬁafpa"f?ow ahidinG e Tadinog tat pepvides

ﬂdeSl@eétqsI&ce F#tEe kS sides @M’t éndiellap Qé ithe @0ita6e DAtk part,
rgy vvay of exanple, these

g éntpelatlveto waf e

isdae Ri6rergiguadReartive lﬂrh%tpmagtm bores 6, with the
reference 7 designating other positioning nmeans that

wil | Piecex¥nigi teehnituewands the adaptations t pegessantdes each

PArtiBBLe" e, Ss PRENBETLWN Qo IHOZBNEKIE] iFARR art, it will not be

described further here.

in this first step, bridges of material 5 are provided to hold elements 3
connected to their support wafer 1. This structuring also forms elements in
wafer 1 for positioning said wafer 1 relative to wafer 2. By way of example,
these positioning means are formed by two bores 6, with the reference 7
designating other positioning means that will be explained below.

It is clear that bridges of material 5 between the elements of each
wafer are not necessarily required depending upon the position used.

In step b), the same process as in step a) is used from a second
wafer 2 to form second elements 4, namely the “endstone”, and positioning
means 6, which coincide with positioning means 6 of the first wafer. In this
example, elements 3 and 4 have the same diameter.
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waf er are not necessarily required dependi ng upon the
position used. In step b), the sane process as in step
a) is used froma second wafer 2 to form second

el ements 4, nanely the "endstone", and positioning
means 6, which coincide with positioning neans 6 of
the first wafer. In this 30 exanple, elenents 3 and 4

have WQRes e 8r2 used thfépvé’aé)e%ﬁdélﬁ)aﬂﬁv@ atSigdst one

in steps a) an% b) ave at | east one un
siopbhshed tslusgaceartheye mdrﬂalassemhle@umthmt aniyoprior surface

TSRIRERt bk PRI e OpBishEa fytdtes FERnECSFEN. il e two
sufapes bﬁbﬁ@h waféifarelpdlishéa.C# pribeaufacé tréhtrhent will preferably
referably 5 be carried out to nake the surfaces that

|qarriagd ol B makm the syrfagas taat will havedorha placed @gainst each
H’ﬂé}@ Hérrsﬂgﬁt (! Qﬁtc%‘ét% aﬁ%ﬁlicbﬁo&lé’é( il tlf'nété@shghter

sl cker native oxli de
ﬂ)l{:kefdhahdmnatwebmdleeft part of the diagram consists
in positioning the two wafers 1, 2 one on top of the
ot her Sheypl ts)ecasrish'@wmiis the0 lgfospart oof ftoe dimgrgre copsists in
The r

f Dpi 16 t nbl 11. ht ]
Restiopiia, fie"frd Sraids 11 B, SRR ol thsh pthscand SRbwing this
pusHiBhgor dXEmpRAg, &e%hermyﬁs 46 36 form BAlas8brily 11.

separ at ed from second wafer 2 by breaking bridges of

mat er irale 5||~'_:;ht3r érheé‘f 3he Gmﬁbﬁﬁqlld’éﬁé’t@é‘taa%coﬁﬂ';?&é?ﬁonmg

of materia t hen p03|t|one in correspondin
gKampigiafbhe sm:ondn@leme@tas’r arg dirst pétalh/\aemrane frommercond

AR, £ by RGBS ST 'S, O Tned i obtATBEd Wifidut any
bfidgés il matervaiB g, cthén; p}ns{aﬂbm am‘lﬁoyreglﬁaonggg?ﬁlbt? rc])tei a quartz
lePBlete g dmentist 35 ther cnplied ReBeihp 4ioaed ysing a

wist e Ma&méaeatpih%cé@gé '?hél%@P' §él8 siét 7 &hga0 r§d fPadnug 17 of

series of assenblies 11 or pl aced on a carriage

templajg18Hoifarm @an assrnablyi 1n'i chausnmln@é@nelat@ d8dhat bag slots
b SBRABIE HeptR! thaCfirdESments 3 can also be separated from the first

wafer 1 to be placed in template 18.

In step d) a series of assemblies 11 or 13 is placed on a carriage 15,
which is introduced into a furnace 8 heated to a temperature of between
900°C and 1200°C and in which an oxidising mixture 9 circulates for around
2 to 4 hours. This oxidising step, which will connect the two wafers 1 and 2
by siloxane type connections can be performed, either by a dry method with
a mixture containing an inert carrier gas and dry oxygen, or by a wet
method replacing oxygen with water vapour.

At the end of this step, carriage 15 is removed from furnace 8,
assemblies 11 or 13 are allowed to return to ambient temperature, then the
parts 10 thereby formed are separated by breaking any residual bridges of
material 5. The bearing 10 thus obtained is then ready to be used by being
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900C and 1200C and in which an oxidising mxture 9
circulates for around 2 to % hours. This oxidising

step, which will connect the“two wafers 1 and 2 by

si | oxane type connections can be perforned, either by

a dry nethod with 25 a m xture containing an inert
carrier gas and dry oxygen, or by a wet nethod

MaUrmed 1§ X8y 40! fo 8E&Ue P PRIE 14 Yof 'S finRfecd’ mdlehent
step, carriage I5 Is renoved om f ur nace

wheshteles 11 or 13 are allowed to return to anbient
tenperature, then the parts 10 thereby fornmed are

separ Higue 1/ sbomkangalmnryau\medxh@ldlrhenﬂg\ewhm Rvels 3, 4 of

5285 20 o 314 il I 5500 S i

tlmtelemmlaysﬂ aoterﬂﬂlaté 118t WPHir@ﬁa&aBﬁV%@rﬂsedV\h&.ﬂh t&hplate
Q an alternative enbodinent In
@QQOU Vo'Pe'"BeEP'T"?ﬁji of awiithstageaslots Hbat pan both stack

E!eﬁ'i@ﬁ@ 3 aﬁd‘4t4?'l IHH? rgi‘apl?é’ %%Qﬁﬁ 3MHer, © that

enploys a te prefrera sed sai d

Shor o e s Wﬁﬁ%ﬁ pBRt AR FAR %? AigHEH 3 o the

g&tt{la;]d aof tl’iatann;%enitﬁmt v'Ehnt;ongeacE?dudmeg wﬁegul(rjs%t 3‘ofl’ﬁé$lﬁby an
0O ar a an e .o al ne accordl n 0

AeTambl serEIn PlelRsiti T i thermionand slemant doheaethedisheel,

With mecarbBup Rolelfd é§§l?§'tﬁrdﬁ!§ﬁftﬁé '?ws'éﬁffﬁahts% Eﬁd 4he

pi ni on and el enen e todt hed wh

ar bourhgole&aﬁﬁﬁ@é;ls%élg ﬁi\fe?ug;‘%tt 'B%ehv‘odﬁsjcﬁg@gt SoncB the

4. The exanples that have just been descri concern
maRaufagiwier at aunisremeghanicabpadhsith tab levels, bit t is \otear that

th I I
HBNELBUSE o kst b g, ko Bl gl oy
startswm threiet or tore esilionnwafers, o rpeatahe nsethed dtaReadnd of
thod at the end of step e). The invention is

‘%Squ mted to the exanples that have just been

The invention is not limited to the examples that have just been
described and those skilled in the art can implement the method to obtain
other micromechanical parts.

The invention is not limited to parts of small dimensions either. It may
advantageously be implemented for parts of larger dimensions, such as
timepiece movement plates or bridges including recesses. The thickness of
such parts is of the order of 2 mm and they could not be made from a single
commercially available silicon wafer.
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descri bed and those skilled in the art can inplenent

the nmethod to obtain other mcronechani cal parts. 20

The invention is not |limted to parts of snal

di mensions either. It may aquntageously be

i mpl emented for parts of |arger dinensions, such as

ti mepi ece novenent plates or bridges including

recesses. The thickness of such parts is of the order

of 2 mmand they could not be nade froma single

commercially available silicon wafer. -7- CLAIM 1.
manuf acturing a nono or polycrystalline

silicon mcromechanical part (10, 20, 30) with at. N

| east tvo Mstbed of ipanudiagtiringe a snepe oF lygrystalline silicon

CHRRP a4 it TS0 )l A0BsP e, incuin e

sistepsoof: waf er (1) by chem cal or physical neans or a
conbi nation of the two; b) repeating step a) with a

slecond a;i(rhhcbin;nga_é ?“{st(e’lén‘lfem (Beothsaid Hlmrao:% a@d:s_u'gtitfy_ of said first
el enent , O er ept S_aetot 0 al |1 rst R
T0° 0T o ibinsnts, (3 it fisy SRBBMarrcd Y shemisalor physical

(4); ©) UnkBAs BPal ddribinBioABftHe ffo, 7). Placing said
first and second elenments (3, 4) or said first and

d T . i o,
By por Poreating sted of 1t 4 2echhd silksh Water 1op R ngEfining a
step c), saawndl®lemeskdd),apf ndjifferantpahape (toothatr of said first

char act erdadientord Py B SELfstprisCiningl g | .

ber hech) e RS b ShehE, 67 1. ARGBE SRR, 6t Sha secons

oxi di si ngelgiments €3,(H)orf sHid figtrmksssdnd/ wafére (4, Rpfice to face
against each other;

d) performing heat oxidation of the assembly formed in step c¢), and
e) separating the parts (10} from the wafers (1, 2).

2. Method according to claim 1, characterized in that the assembly
is oxidised in step d) in a furnace (8) heated o a temperature of between
900°C and 1200°C in the presence of an oxidising mixture (9) for
approximatly 2 to 4 hours.

3. Method according to claim 1, characterized in that the means
(6, 7) for positioning one wafer (1) relative to the other wafer (2) are
machined at the same time as the first and second elements (3, 4).

4. Method according to claim 1, characterized in that each of said
elements is held on its wafer by bridges of material (5).

5. Method according to claim 1, characterized in that the
positioning means for the wafers (1, 2) are formed by at least two holes (6)
in which positioning pins (16) are engaged.



20 3. Method according to claim1, characterized in
that the neans (6, 7) for positioning one wafer (1)
relative to the other wafer (2) are machined at the
same time as the first and segond elements (3, 4). 4.
Met hod according to claim 1, cCharacterized in that
each of said elenents is held on its wafer by bridges
of material (5). 25 5. Method according to claiml,
characterized in that the positioning neans for the

waf ers @l, MathadackerdiRg td¥aih 1, %%Paétéﬁzé@ineﬁla( eﬁt thé I@md of

whi ch positioning pins (16) are engaged. -8-

actensdRhgr 1), at least onecelament B8i of 1msematedafr0trh5s support

DB FLEDf e foribnedn BSFRHEBRIETIB) f A B second
pcwsafer cmappheﬂ an U aedesst efphidt tenjplale poovided Hot bach purpose,
SecC

f t | at

5 - 5861 Hatet bfludiria, SR The cige \semgi At geSl onesiat 7 h i enaages
theaesé@@sbbﬁaﬁ\g ntﬂ(ﬂ')%ﬁﬁe f&iﬁP@k@hz{ )7) that engages
in a corresponding rib theterrplate(18) 7.

Met hod gccpéthd dce ﬁ:l:ﬁ%f%élant TRich 9?5%@1;@ in”thbf‘?t'thébnd of

t he end of steﬁ Irst
elstapsna} and, byt arfwstsepdrmceodfelememslésr4) ap separated from

"Bl el BORFEL L R hRfed 8 SobBERADR ) v

10 chmodeieds.i zed in that the surfaces of the wafers (1,
2) that have to be placed agai nst each other in step

C) are aoxmétﬁaa d@ebm@welau& 1 l\&ﬁd?@dteﬁ@é@ndrtm th@ surfaces
chara éterlze In that the surfaces 15 of

w&? the W(aiersz()1 hiathiave todPeplased agpingjaacdiotage i sttep c) are

OlohRfisddbéfofdhand. undergo prior treatnment that gives
sald surfaces a certain roughness. 10. Method

accor di gg tﬁb@'a{&ardl %gﬁ aedifa’ Z@%rb@te? D&y ik ihét%&rﬁfﬁaces
i ncl udes a east one a 1l ona chini
15 | ehdhe avafers {1,wAY thatthave to be placed agamst each other |n step c)

undergo prior treatment that gives said surfaces a certain roughness.

10. Method according to claim 1, characterized in that it further
includes at least one additional step of machining at least a third wafer to
form a third element assembled with the two preceding elements in steps
c), d), e), to form at least a third level.

11. Component obtained by the method according to claim 1,
characterized in that it includes a micromechanical part formed by several

silicon layers secured to each other.

12. Component according to claim 11, characterized in that the
layers are secured by siloxane connections.

13. Component according to claim 11, characterized in that it
includes two layers, the first of which is pierced to receive a pivot for
forming the jewel hole of a bearing.




forma third el ement assenbled with the two preceding

el ements in steps 20 c¢), d), e), to format |least a

third level. 11. Conponent obtained by the nethod
according to claim1, characgprlzed in that it

i ncludes a m cronechani cal part fornmed by severa

silicon |ayers secured to each other. 12. Conponent
according to claim 11, characterized in that the 25

| ayers are secured by sil oxane connections. 13.

Conponaat @umapshett h@c&’dﬂid“télclai‘rha"lQthﬁfdréaéntéldtl’ﬁa*t at it
it includes two layers, the first of whi IS plerce

t ngledas Jwogl awerﬁ)twm@n areopigrery ttaergceive anoladom:r and which

055 ociigk on SRRV, ! PR orgrsso

pmwdeetdet o recei ve an arbour and which |nclude
toot hings on the outer dianeter thereof for formng a

transnil§si Qumpdrestit acdordinglio clainpaddedhargeterigéddnt hat the
clagﬂ_éA haragte&hfed in th& the outer dianeters
oPutex; diameferss of, said:favess are difiotedt rsizes farionging a reduction
r gheel sen  wheel set. 16. Tinmepi ece characterized in
that it incorporates a multi-level silicon conmponent

accor dhBg finEpiRbd ddaracterized in that it incorporates a multi-level
silicon component according to claim 11.



