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Case 2644 PCT METHOD OF MANUFACTURI NG MULTI - LEVEL,

SI LI CON, M CROVECHANI CAL PARTS AND PARTS THEREBY
OBTAINED Field of the invention The present invention
concerns a nethod of manufacturing multi- |evel,

silicon, mcronmechani cal parts and the parts thereby
obt ai ned, used in particular wwthin the field of the

wat chrmaki ng i ndustry. 5 Background of the invention
Current techni ques for manufacturing silicon, Case 2644 PCT
m cronmechani cal parts allow the verticality of the

si d@ETHODe QRIMANLFAC TURING MULWIVEEVEQ.Q”S“Q'C@N
for the part (o used as g, 1Lep! ece nechan
COWO&&R_@M@HANIGAL(\P%A b PAR & THERE‘B\Y

manufacture nulti-|evel TRINEPM 2 si ngle silicon
waf er, using current tec@ergrqﬂ'@s—An al ternative nethod
of producing multi-level parts is proposed here. This
met hod di scl oses how to obtain nmulti-level, silicon

gﬂEmSF§RE§l% !ghon13|ngle | evel silicon parts usi ng
— 15 Summary of the invention It is
t hus ob ect of t resent inve on vide a
51 ot Shenaresang Sovariach paRFa e §rmatiadt of Fuffdhietfing mus-

Nevdl sﬂltﬁjtﬁ'mlcfﬁrﬁéél'@ﬁé@rpéml aritﬁfHeSparfté fHeréby bbfined, used in
waf ers avail ab sald parts, whet her

tasticular ‘E@'"f‘l“}!%&e&c’fn@ﬁl‘#’%mhﬁﬁkﬂ'@ 'ﬂgéﬁm’n particul ar
for making a tinepiece novenent. The invention
therefore concerns a nethod consisting in: -2- a)
machining a first elenent or a plurality of said first

dBagkground eof the invention

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 technigues.

An alternative method of producing multi-level parts is proposed
here. This method discioses 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, micromechanicai 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 see@nrd 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 same wafer; c) using
positioni ng nmeans, f the fi

ol e SMEAEhINiRG 2 et Slementseics r%ﬁ?/e?r}gsa?"gg'é&t gemgnts in a
agai nst ﬁl%‘f%lli?bh%afe%y%éhﬁédﬂdﬁﬁbh Siehl MEansidrancémbination

t he assenbl ormed In"step ¢) in the 10 presence of

an oxi dueftﬁ@m@mth@samppuafﬁr,natel y 2 to 4 hours,

and e) separating the parts. This nethod structures

each d)erapeatiog sﬂee &) with pasecand Biligeacwvafesnfor machiging a

Phant oSO Rl of B 1R o ek AP e st @8ept. o

possi bl eaturdiislsfesdid eece®d eledarits onithg same wafdmo
elements that will formthe final part, prior to

per f or, tfisg hedhs! Iaémyl@@ﬁrbhﬁnd\s@cehQWIhents or
physi cdzzll Pg’"?gﬁﬁch Iﬁggt her . ° Pn the foll ovm %h‘?th

descr i pt thenfirst and sesapd safersdage i@ facsr agéﬂ
means, which rely either on marking neans, \Nhl ch are
f or medi)i pedormaingtheatfaxidation:afdhe assembhciommed intatep c) in the

TSP S b BRI 0 Yo,

l'i nked bY ng a
for posghdoni ng the wafers on top of each ot her or
el emrents that are separate fromthe wafers. Step d)

of oxmfc}l séparating thepaftsace between the wafers can be
25 perfornmed by a dry method with dry oxygen, or by a

wet Netiefndthbd StRickiresVeathusleniedt of Xitenfinal partavith precision,
furnace heated to a tenperature of betwee 90&]%"! ‘iand

wmingerovendeshaigues fof wafers whesq daiskpess | 'S
known to those skilled in the art and reported for
exanplle step td)evaKious, posilioniog magaNSoare possible to ensure precise

positioning of the two elements that will form the final part, prior to
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 800°C
and 1200°C in accordance with techniques that are well 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-¥e perforned 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 ni.n hird silicgon waf.er that can be int ted
"0t ot pRiclaloh Carcalst b ST Gmeg By A1t o niefiod Rh8fn to
rtaBsakkied i giSaik) for Bkamipte BY laskh aniflifieechddatiindi ng to
the invention nakes it easy to manufacture

mul ti -} @v8lso ddsitl@Ne dBtSCADaREHat HasPiibohré than 6ho erévels by
bearings, plates or slotted bridges, reduction whe
geachinig a thindepilicer weferthat cant be integrates; ky step 0) of the

8L b1 BRopbioh 5 b BlRRg QLT TR &L o0,
cocul e G bR G PSR 98B 6 manuacure

Irhhlﬂﬁtevéit Ismbonvvl mttrbmbehanmi tp@r!sh&awm%edednaga npkates or

schematic dia of the
s&I@ta%d Bfld@% rﬁ%wt B@é far H@ea*%-‘@ampﬁ m&nh et
j ewel hole and endstone, - Figure 2 shows anot her
bearing that can be obtained via the nethod, and -
Figure 3 shows a reduction wheel set that can be
diniefidasgription phihe d@wiRdshod. Detai | ed descri ption of
the invention Figure 1 is a schematic diagramof the
st eps Q@ther Hfeatureshaddfagivantages af the areseantdoveniigsr wilg@ppear

WPl B B e S8 b b Hiom@ ven by

"veand oF ea-limilingiiatiationt kéthdieferesicents e amesaed dmawisgs, in

are conprised between 0.12 and 0.35 as
which:

- 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 ement 3, but preferably a-glrurality of said first
elements 3, are machined in a first silicon wafer 1.
In fact, starting wth a comrercially avail able
silicon waf er, whose dianeter may vary from between

| 0 Pt i bl . .
oo r uchnadhal 3o B e st glerapeh b BB BTl S said
ﬁ?st'&éﬁehf@@ A8 matRmedihCA ARt Silikbn wdFep 1WA Rict, Starting with

generally | ess than 1nm which is conpatible W th
@i copineersiallyi m!abdﬁ]sslilm wales whes rtiametgry may vary from

BeBYE, ) i iaBpraimERay & pithy OB BOspieCle sifiure 2
whdralityr sfrelementsn hatnngfuad;am@tet bé tessHbandirem. iThestbiakness of
s e SerapahEog a6 i, ST R g mepice
Hﬁh@ﬁ§§n§n%w thi%; ttI'i‘:El%l‘i‘esss lhay @b ibloliditt & tth@Yprecise desired
hot'ol i t hog r@gm%an etching through the mask forned.

unreeesn@mbvge refarablyd itowill benensred dhatengsuFface of the

h t
X@féﬂ’é?n%ﬁ& u%gélh%ﬁ% he?l@ﬁwéfé?‘lj]@a?&fdrl%ﬁ his] 1%db‘(?+1&ed to
meslightabessliver tréatment. e.  si des cut perpendl cular to the
surface of the part, is the RIE technique (Reactive

| on ERténegds 3Sarecstruttiused éclwafgud, bpndethods known to those
ad aipt ations necessary for each %;.tigul ar
|l ‘89

BALR J08 arloby RBetoIdhadraRly ARG Arauigh {18 hagk fqsmed.
q‘?"@cétbﬁ éH b8 a ey Sut I%Oadc@)rdéﬂc% Withh %bnéﬁ@hetﬁé{ﬂﬁm are

mat erra are row ded to hold el ements
alsmknown wnthm tbe fiedd pp siliconanaehiningTdihe @ﬁtm that pgovides

o BeSCETBe AR | sl HEL Bomgprii 0 hl Riate e part
mdetEltewmltﬂmﬂﬂ?w&wédomEdcmyg);m bor es 6 with the
reference 7 designating other positioning neans that

Wil Igingxpthid neghmigliew. arth the aaaptamanst heteés‘amigm each
of material 5 between the el errentﬁ (i1
particular case, is well known to those skilled |n the 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 8, 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 8, 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 el enrents 3 and 4

have t same,_di Whe rs 1 2 us

in st e\g’g‘ea)wﬁmsb aﬂav% lfﬁedl § ep&n@ Pf&‘ﬁ‘éﬁﬁ H°Rdst one
SiHd o‘ﬁ§ﬁedt§tﬁ'¥ad‘eanthég 8ans | AsbemblBaUivithoMt RINyoprior surface
surface treatnent by placing the unpolished surfaces

g%atmﬂnt & aeingdhe unpolished Gerfaces agaiest sach stheryHitbe two
SRy RorBE e nHEGEC B R RLARE t¥elinent wil proferaby
vhé bannmdeoutd:o ineakd thecslirfapasitbat willdaveotohaze plEicedagainst each

or _coat ed W|tha3|l|con [
& e Sl Slafh i Grat e el Db i aalffsyonter
Qh'ckestrﬁdmweﬂdtwéimdeeft part of the diagram consists
in positioning the two wafers 1, 2 one on top of the

ot her g %F%é'él%\kt‘i“lﬁ tHd) l@ﬂsbhi‘toﬁf fihe magmhe &dnsm:ts in
means of pins 16 to form an assenb 11. The rig

rositiaring Hilae dwagwvaliers 11, 2s eng s tep 9%6'@@ otheysand e‘ﬂCHgng this
A tor AR B Ene R EiAs Jeb Tl a1t o
t d;

rater ! Bhe Sl p%ﬁe# Sy DN, el o
@xaﬁnmgafbltlébéécdmla?@té& arsefirst rcﬁtallwatépgraled drarh asecond
a | LN SITI S,i

bien 2 eaesaing bBfges of Mateta! & upediath dhiSaeg o any
Cﬁrinc‘lpqé;sna# MAtedd Sotl'fé?f P‘b§iﬂoﬁé§QHbédfréé’pon@}th%ldl§ of a quartz

ate that has s sui tabl'e depth, the
ftemplatel b&re'ﬁltl% fisstosafesl isis thensapplies by tﬁ"aﬂrppﬁ@omi Jising a

2
T L ahatRoBE 1R FF Eok Mg FER; Sl Bt 7cEnddbinh 30 Andh 17 of
JtEmpIaMel thto foriman edsembiy n8.0By Usinghadentplateat&that das slots
ofr?uel{aﬁ X Spt%f tﬁg tﬁwpl eﬂements 3 can also be separated from the first
wafer 1 to be placed in temptate 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 4 hours. This oxidising
step, which will connect the&w 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

repl acin wat er vapaur this
SRR 8230 12 o FRslve S RONRY 14 2 Betepiecs moVement
agsadiigetes 11 or 13 are allowed to return to ambi ent
tenperature, then the parts 10 thereby fornmed are
separ g ebz é?f&é&(bﬁgalﬁé})iaﬁ\?é lefvsdirieht 48 Svifich #vels 3, 4 of
mat eri a The bearing 10 thus obtained is th enread
h?ablegu%tbdo it bave ghe @amﬁadmer in 4his wasenthelmethad variant
r [ 0 gt LIEP v
56 AigByR, Aoerbifh 3o' Wb E Vsed 85k Whpite
Jadwah’sagb,ouélyobetr‘@eformgdw toultiatagen\siots hthatacan  both stack

di t th t 5 that
ke %r%apaﬁpwf e@ﬁ%@maﬁ%ﬁwg OFfchBtRred, sai ¢
ot 's £ 4RO eRotisk et 90 habieeD b ghianecagFording to the

PiRSthbH 0Bf ttﬁé MnVEhdH.V FhisC i£af he@UdRIn WHEHH ot 3fo?ﬁ1‘é\ﬂs by an

anot her part 30 that can be obtalned according to
Bssamdhowherain ielgraant dis thenpisiarsand e&mm%theﬂw&ectwheel

N ot ﬁﬁ%%%ﬁt SRR e o R ?'@Qt‘be

ar bou hr ou t two,el enent s and
a7 bouT ol & 253> ShaR. baUS Skt e OuSheE Sorhel e
nfanufasioneé af tal ﬁﬁc@h@:ﬁﬂnﬁﬁaﬁfm@hw&h o leeeks, But It isVélear that

| evel s, is clear that there could bealar er
ﬁhﬁfseq%‘? %Pe%brser NHMbed &f levelgidniarder tode thiseane mefed only

%fhr?hﬁthtth\"éé lor théreesifiéo a?er%' bt ?@ﬁg%ﬁﬁﬁrrﬁetﬂb"d APRPEnd of

he nethod at the end o e Invention I's
ﬁtﬂp €¢l.mted to the exanpl es that have just been

The invention is not limited to the exampies 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 smail 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 linmted7o parts of snal

di mensions either. It may advantageously 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
atLAimB and they could not be nade froma single
commercrally available silicon wafer. -7- CLAIM 1.
Met hod of manufacturing a nono or polycrystalline
silicon mcronechanical part (10, 20, 30) with at

| east tyo M@yﬁﬁ of | H@hﬂfﬁd@mﬁ@% Popbe BB p’élycrq};taume silicon

machi ni ng a t elenment (3) sai d part
phicramechanicak pad {10y 0, %@)ewﬁht%t teast tW°a|ef’Pﬂsst'nC|Ud*n9 the

silicon wafer (1) by chemi cal or physical neans or a
RBP4t i on of the two; b) repeating step a) wth a

SN S A3 B TR B B 8, p MRz e

el enent, eléiﬁeﬁtspdwrlﬁla tﬂr’stOélheta'l dv&fer:(m)dbglcémmcal or physical
C) using positioning S Qg.{ placing said first

and secomxear!ﬂ%rn%ﬁ?@b rgattozl])o hedW0y first and second
wafers (1, 2) face to face against each_ot

per f orb) mepeRting siep @t With acseqand QBM#?&S&.QB }WSQ?%”MQ a
step c), f@@%ld ‘élfrﬁﬁga(ﬁg ddf 'Eﬂffél’%@t BRApStd ih%)c of éﬁﬂ‘ firsEelement,

waf ers ( according to claim1

char act err aguiuratityt tfesaid second elemgntsi(4);oxi di sed in

step d) in a furnace (8) heated to a tenperature of

bet weeg) L&Q@Cp@amoﬂ:ﬁ@omeanstm@ d).eplacing shidfirst and second

%IUEISSI ngelgr]néﬁt% (% &? or sald fi rs? an re%)éhgawéfﬁrsz(f ‘ﬁ)‘*ace 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 to 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 or 2, 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 any of the preceding claims, characterized
in that each of said elements is held on its wafer by bridges of material (5).

5. Method according to any of the preceding claims, 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.
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3. Method according to claim1l or 2, characterized in
that the neans (6, 7) for positioning one wafer (1)
relative to the other wafer () are machined at the
same tinme as the first and second elements (3, 4). 4.
Met hod according to any of the preceding clains,
characterized 25 in that each of said elenents is

held o fer by brid ' | . )
Vet hod Cé@?eﬁﬂ%ﬁgaq ding o7 r}yhtgif gg@isgg'tﬁg (cf\)aracténzed in that,
O.St&haCérﬁf bflﬁéps ra)tdian) hh l%a@t)@hél eﬂ@megt (&‘ené) fsosepahrated from
wafers (1, are at | east

A S¥oRRE BT (11er BitRbe podiianed &g auad tepie (18] 1R hich
ﬁﬁ%ogé@o?lg \&Qfe‘?”é/ a@}llé& o 'ésr%EeEQ df: sa?d“%rﬁﬁlhfﬁ bAitded for such

steps a b), at |east one
qbumeae $did ovafey mduchegmmtl'ajedl@ﬁh\erepfs at legsb enevptel?) that

Lk o G L S
.tﬁg}) ugit'ﬁg%ﬁ\f'm: oénnﬁﬁt@ 8§9I3ﬁ-§%gtt§>2¢1d¢h\gﬁﬁén%d in that,

téltafhe %nea@%tépa &) @ﬁﬂflg)sﬁﬁédfu%g andbsédond eferdvets (3, 4) are
tenpl ate ; 7. Method accor di ng t

f. clai. 1
t%ﬁpﬁratﬂda rag dheir saspectiveawarerst (1 r?éo@%yegt@f‘sals*ﬁ% quartz
ﬁgegﬁf“flﬂlr @gg\ second el enents (3, 4) are
SEpP Ii ti“h

romtherr respectlve wafers (1, 2) and

posi t i ogedMFg}Cﬁ' r&ﬁllg dﬂ, LiyEaPt )}?r ?;é&%g"iﬂlélh\st \gﬁaractenzed

| evel s cco ng to an precedi
c|lnathas thechanfacesesf thedvafers (haz) thathave fabe plaged: mlnst each
waf er s Iaced agai nst each

0
ofther in %tthéﬁ‘r%)oxﬁjﬂ$%§?{9§ ef orehand. 9. Met hod
according to any of clainms 1t . Ch a eriz .
that 187 MBS agrarding: (& pay B cbimS (167, ShaaBlaridgg in that
hePSuPl AEESF RgalaRrs BRCH) BidiPlaveitd b%t FlBcéd agafst @ach other
prior treatnent that giVves said surfaces a certain

riougteresy). uadergoephiod taeatorantnihatogiupg ¥Aidt pgrfaces a certain

pntoeu%%%'egg. clains, characterized

10. Method according to any of the preceding claims, 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 any of the
preceding claims, 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 or 12, 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.




in that it further includes at |east one additional
step of machining at least a 20 third wafer to forma
third el enent assenbled with%he two preceding

el enents in steps c), d), e), to format least a third
| evel . 11. Conponent obtained by the nmethod according
to any of the preceding clainms, characterized in that

| ud h | t b .
11 Colf) deemponent AecrBocRHIABE 1d,or 5 charaeiBiiid i frat
6‘Fl&l@iﬁ@b”lgwi Gayard! Whith afddiérekar io? pekdive tdiﬁtar!bdilﬁ‘ and which

| ayers are secured by sil oxane connecti ons.

cmnipldaetnotmn@s) oni thg @wet diameter therepd forcf%maﬁ arirapgmission
é%‘ast includes two layers, the first of which is
I@ (?‘to receive a pivot for formng the jewel hole

EI izb l?g@p ppgé%ccﬁﬂﬁﬁi%n{:lal yf {Jggs ?Eférﬁlea' M tHat the

vhiteh d?érﬁet%rg rsfeshitl day@searee differantosiaes dod f(mfmmg a reductlon
i ncl ude toothings on the outer dianeter thereof for
fwheelffta transni ssion wheel set. 5 15. Corrponent
according to claim14, characterized in

out er t.anbimaniecs characterzed Jn athat i f'?’é?reﬁfa@? 2 mplevel
ﬁéﬂrpg%rﬁp gHF&é dm@‘ﬁﬁ%ﬁaufﬂeﬁ 16. Timepi ece

arac I ncorporates a nulti-Ievel
SI i con conmponent according to claim 11.




