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Case 2809 YC ONE-PIECE DOUBLE BALANCE SPRI NG AND

METHOD OF MANUFACTURI NG THE SAME FIELD OF THE

I NVENTI ON The invention concerns a doubl e bal ance

spring and the nethod of rmanufacturing the sane and,

nore specifically, a double balance spring fornmed in

a single piece. 5 BACKGROUND OF THE | NVENTI ON The

regul ati ng nenber of a tinepiece generally includes an
inertia wheel, called a balance, and a resonator

called a balance spring. These parts have a

determining role as regards the working quality ofCage2809
10 tinepi ece. Indeed, they regul ate the novenent, i.e.
they control the frequency of the novenment. In the YC
case of a doubl e balance spring, materials have been
tested i NnONEJPIECE IDOUBLEBEBALANCECEPRING AND
tenperature change on the regulating menber in which

it is integBT&HODWOFNMANURBACTIURING THEISARE
regarding 15 assenbly or resonance adjustnent.

SUVWARY OF THE INVENTION It is an object of the

present invention to overcone all or part of the

afFoEepidRd HE AWWERASONDY provi ding a doubl e, one-piece

bal ance spring 20 whose therno-elastic coefficient

can be Tag) |H§éﬂ%fﬁ69né%§rb BuBI BaAREe sgﬁhggarﬂi the method of

manuf act uri ng net hod at mnimses ass

dimanufacturieg . thezsamaeanmvme @peciiicaby,on elmieélalmcae spring
ng that includes, made in a |ayer

o? si‘% Eﬁén-ggﬁézeeéi%ﬁgt erial, a first baI ance spring

coaxially nmounted on a collet, the collet including

one extending portion that projects from said bal ance

SHIACKRGRUUND 6F 115 TROBNTIGR second Taver of

The regulating member of a timepiece generally includes an inertia

wheel, called a balance, and a resonator called a balance spring. These
parts have a determining role as regards the working quality of the
timepiece. Indeed, they regulate the movement, i.e. they control the

frequency of the movement.

In the case of a double balance spring, materials have been tested in
order to limit the influence of a temperature change on the regulating
member in which it is integrated, without resolving difficulties regarding

assembly or resonance adjustment.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome all or part of the
aforecited drawbacks, by providing a double, one-piece balance spring
whose thermo-elastic coefficient can be adjusted and which is obtained

using a manufacturing method that minimises assembly difficulties.
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5 silicon-based material, characterized in that said

extendi ng portion extends into a third | ayer of

silicon-based nmaterial coaxially with a second bal ance

spring in order to forma one-pi ece, double bal ance

spring made of silicon- based-raterials. According to

ot her advant ageous features of the invention: 10 - the

coll et has approxinmately the same section in each of

said layers so as to facilitate adjustnent of said

doubl e I r t e

approxﬁﬂgtgﬁﬁﬁggﬁfgﬂgﬁcwgec ”%%E%Vér83§b?egapnce sg?ng that

t hr&:ludl@{enade |ntd1daymldnmhacmpbam3$ matetiakla ficst |balarcet spring
t he same direct h, 15 - the,.ends .0

+ Bl reued eng ol Mg Slie Inditing Bhe sy paron that

p'chﬂ’@ctsWrér‘h SR8 AN spind RAH WhitH!i§ MB@@ I @agedtd layer of
use pi nni ng said doubl e balance spring up to the

c §ilicen-basedrpatediah harageriaed imihat said eg@m"mwggrt@.n extends

S f

S'iﬁ}tlf)né&g*ﬁ@a;ﬂygf oltfecsgtctonoﬁ;]éeseld:?\tﬁerpég%o%%a'ﬂp%vlﬁf"laaé‘é‘fg)nd balance

dispring én boderdtioeforn arone- pmﬂuadumm balanesi spirimgt made of silicon-
nga”St i t.s t ernD- el astic coefficient, - the inner

F"Qfm%}? ? ast one of the bal ance springs has a

G oss 0 as to i e the centri

Gever odtaaeding (ot gvprtaBy Pr%tofﬁﬁe '%vmoa

part _intg which an arbour js dr|v en.

genehs ¢<§'et PRg anprerimately tbe sage ?80%9'1 I"n%%ﬁ"?s@é said layers so

char actLfachivste! dgjéuétf?%tnt bf]sélﬂcddﬂﬂﬁéﬁéla‘i‘l%lé@g‘?nam ance

spring in accordance wth any of t preceding

vari @atSlieFhadldnapg J@Sgﬁaﬂ& F@Férﬁ%b@fl&%b@ké'% 1BB508Ae of the

of manuftacturing a ance spring t
i ncliagers,t he foll owing steps: -3- a) providing a
substrate including a top layer and a bottom | ayer of
st i therbabascdspririgsr inaluge dojis $keditecindve itlye saiei dicection or pitch,
| east one cavity in the top layer to define the

- the ends of the outer curves of each of the balance springs are plumb

with each other so that single means can be used for pinning said
double balance spring up to the collet,

- the balance springs have the same angular stiffness or pitch,

- at least one of the balance springs has at least one part made of silicon
dioxide to make it more mechanically resistant and to adjust its thermo-
elastic coefficient,

- the inner coil of at least one of the balance springs has a Grossmann
curve so as to improve the concentric development of said coil,

- the collet has a metal part into which an arbour is driven.

More generally, the invention relates to a timepiece, characterized in
that it includes a double balance spring in accordance with any of the
preceding variants.

Finally, the invention relates to a method of manufacturing a double

balance spring that includes the foliowing steps:
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pattern of a first part of a collet, nmade of
silicon-based material, of 5 said double bal ance

spring, ¢) joining an additional |ayer of

silicon-based material to the etched top |ayer of the
substrate, d) selectively etchi3n'g at | east one cavity

in the additional layer to continue the pattern of

the collet and to define the pattern of a first 10

bal ance spring, made of silicon-based material, of

sai d_d l.e bal I . character ] [ [

Fur (ReP O g o R RS hinG " ER BVe BB B 4 laver of
et chi ngiliebnibeset materialyity in the bottomlayer to
continue the pattern of the collet and to define the

IO_aIt tigy Belk?‘ctia?jlyeélohidlgbiﬂl I@Bf@leonféd&aavﬁy g?gh% rtlap!elayér to define the
silicon-based material, sai 0 al ance spring,.

- rel eRSMRY Phe UrShped %fgﬁé}?@stsrpﬁaﬁﬁfﬁﬂmwwedo matefial, of
substr abRs dodile Paftinde diingt her advant ageous features

of the invention: - after “step d), it includes step

9) ;. OXidlhimh bBGitbhatlay8AbREREoRBAsEd idRal ©/the etched top
silicon-baSed nmaterial S0 as to nmake It nore

mechanilaysirioy theesubsteate, 20 and to adjust its

therno-el astic coefficient, - after step e), it
i ncldideslestieplygeichimxiali kelast driee caritynid thel adddional ilager to

made of sj.lican-based erial .so t,0.MA it . nore )
nechanicegi"l"fﬁ_’ %Qiaﬁ?gh_g? Q?ﬁj cp Eta%ﬁ“ﬁi? dlepge l%ﬁe patt.ern of a first
_ther mobalel epfifgf frhéd@_néf, silicBhibsdseto n¥dtenale) of ishid double
i ncludes step h): selectively depositing at |east one

25 net HRIANSESPIHE. t he bottom | ayer to define the

pattern of a nmetal part on the collet, - step h)
| GoRARiZaddp that it furtharipclydesithestodewindosteps:
successive netal layers at least partially over the

sur fealectbfelyt atching ableashgre cavity isthedottam tayeaido mentinue the

o ol St ef 2ok RE Morph! g pbRefH of B splfhd fhtance
at | sairg, enedecalvsiligori-basdre matétialnof sgiddolble balaate ispdng,
the netal part and step k): growing said

- releasing the double balance spring from the substrate.
According to other advantageous features of the invention:

- after step d), it includes step g): oxidising the first balance spring made
of silicon-based material so as to make it more mechanically resistant
and to adjust its thermo-elastic coefficient,

- after step e), it includes step g'). oxidising the second balance spring
made of silicon-based material so as to make it more mechanically
resistant and to adjust its thermo-elastic coefficient,

- prior to step e), it includes step h): selectively depositing at least one
metal layer on the bottom layer to define the pattern of a metal part on
the collet,

- step h) includes step i): growing said deposition by successive metal
layers at least partially over the surface of the bottom layer, so as to
form the metal part for receiving an arbour, which is driven therein,
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deposition by successive netal |ayers at |east
partially in said at | east one cavity so as to form

the netal part into which an arbour will be 5 driven,
- step h) includes a last step |): polishing the netal
deposition, - several double bé&l-ance springs are nade

on the sane substrate, which allows batch
manuf acture. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
O her peculiarities and features will appear nore

| . L owi M I
o <344 1 BN, hoh 5 LGS R B 08 By o
r ef escttone laget fier sedehing theanietgis paitnandi step k). Fgrgwires said
ot HIRPOSKDN, B SHGERES Vo Eetal [Npen ot drasl Pt g BEsgid gf least

8 shaye ¢hoiy sef as e RHACARS MRalSpaRSnRS whidreBRaaiear will be
enbodi ments, - Figure 9 shows a flow chart of the

met veRccording to the invention, - Figures 10 and 11
are perspective diagrans of a one- piece, double 20

bal step hg jndludesa dast stemy)t polishing the reatad depesition,

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The

i Avesavieoal daalbig balancesspringsate made oal the skse gobhstsatel which

for nuf act urin doubl e bal ance spring 21 for a
tinéﬂﬁggéxﬁﬁbgﬁﬂﬂﬁag%@e'25 illustrated in Figures 1 to
9, nethod 1 includes successive steps for form ng at

| east one type of one-piece, double bal ance spring,

i 398sCRERODY T DREVIGE quree 1and o, the

first step 100 consists in provid

i 11 coReRH: PRSWIaItSs ersbisabias wik@brear snpes clgagysfrom the
¢ SIS desbifiorl e b Berfy Wely X AR BYIhGAGration, with

stefprarae, todhb stnngxed 8rawings) inowkighsuch that the 5

hei ght of bottom | ayer 7 matches the hei ght of one
par tFigbreshd fo rialshdeulsliecessive view of the manufacturing method

according to the invention,

- Figures 6 to 8 show views of the successive steps of alternative
embodiments,

- Figure 9 shows a flow chart of the method according to the invention,

- Figures 10 and 11 are perspective diagrams of a one- piece, double
balance spring according to a first embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invention relates to a method, generally designated 1, for
manufacturing a double balance spring 21 for a timepiece movement. As
illustrated in Figures 1 to 9, method 1 includes successive steps for forming
at least one type of one-piece, double balance spring, which can be entirely

formed of silicon-based materials.
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bal ance spring 21. Preferably, top layer 5 is used as
spaci ng neans relative to bottom |ayer 7.
Consequently, the height of top layer 5 will be
adapted in accordance with the configuration double
bal ance spring 21. Depending t® upon said
configuration, the thickness of top layer 5 may thus
fluctuate, for exanple, between 10 and 200 m In a
second step 101, seen in Figure 2, cavities 8 and 10

are S%ﬂ?trbf’e‘?le?{?@ﬁt?h@guré‘sﬁ Sﬁé‘@lﬁxebrrs?e%ﬁoé@%%ﬂsists in

reactive ronic cess, Iin'to

siprovidinglzasiicomranednsabtor TBEX psulzstidte &s S8ibatrdtel® iridfudema top
efi ne nner . and

b st S 801 gk g Svtopned el SigPF dasShalegpl
o R L oSS, BT o o
D%ﬁqﬁe rbf%d‘t@frﬁﬂﬁaﬁé?éf n{ﬁ&ﬁ&ﬂtﬁéﬁﬁélgﬁf oFBhéGHarlZZf fHe final Souble

bal ance spring 2 Figtre 2 illustrates,
p&etance ring 2fppr oxi mat eI y cyI i nder - shaped with a
circul ar section. However, advantageously according to
met hod Ptefaratdyetcxmlacyar Hhis usgd aaspaciBigl meaos relabvgitethottom

RO, ottt 6o SSSBR 3; Fo PBLSF S o J2ipablo

elactpidapab wik/the d:tmfigu.matimﬂd@ut)wIbaranclenﬁmngilzarrﬂ:owendmg
25 In a third step 1@@thshovm in Fi

adBen; g cont |at|q|1 iGhress of %&yeﬁ'}t @,a;yathu§ fluctuate, for
a%g{sg] %{‘?@B{] Gty 266 g{,ﬁr ably, additional |ayer 11

i S se ure ayer by neans of silicon fusion

bondi F h

Cop | afbrd §@89n§i #5Pn01 nBobdorr BRI PO BTl T I 10 are
Wisklectivelgr gtdimedh foevalam;ﬁleadkaeaeDME tdieddﬂa'ebdweorbmc etch)
face of -6- adition 1%, Addltl & 181
MRYOCESSy IR ¥er &4 J silgobrivases; matgiialiBese CaVikai® and 10
b%h%fél‘éﬁlﬂ/ f&rm 'deé‘ttér?nUQ it Yetined QRe iiE?Vdhd Hutsr %Hhtburs of

4, cavities are selectively etched, fo
exaemart obweacqjiel ande@é§ﬂlcgnrhasad materightof dhe sipelble balance

spring.

In the example illustrated in Figures 10 and 11, pattern 9 forms the
median part of collet 27 of double balance spring 21. As Figure 2 illustrates,
pattern 9 is approximately cylinder-shaped with a circular section. However,
advantageously according to method 1, the etch on the top layer 5 leaves
complete freedom as regards the geometry of pattern 8. Thus, it might not
necessarily be circular, but, for example, elliptical and/or have a non-circular
inner diameter.

In a third step 102, shown in Figure 3, an additional layer 11 of
silicon-based material is added to substrate 3. Preferably, additional layer
11 is secured to top layer 5 by means of silicon fusion bonding (SFB). Thus,
step 102 advantageously covers top layer 5 by binding the top face of
pattern 9, with a very high level of adherence, to the bottom face of
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5 101, in additional silicon layer 11. These cavities
12 and 14 formtwo patterns 13 and 15, which define
the inner and outer contours of the silicon parts of
doubl e bal ance spring 21. In the exanple illustrated
in Figure 4, pattern 13 is apﬁpdxinately cylindrica
Wth a circular section, and pattern 15, is

approxi mately spiral- 10 shaped. However,

advant ageously according to nethod 1, the etch on

addiikii e ; I gémg ot €5 cimi
ggglrjr@? ﬁgplﬁkgéﬁ t eﬁ%ﬁ@@%ﬁpﬁ.ﬁ%ﬁugﬁﬁn p iet’ihcél})léa?,sm"ar
pthitlaressid thalyof Badtorelaygpl7e, i ncl ude nore coils or an
open outer curve. Preferably, pattern 13 made in

addi ti tmal fowtterstdfl 1038, cshowrmiin digadeage catfieantl2 pndti4 are
Wi t attern 9 de in top |ay ._Thi s neaps .t hat
csotecliay Fbhth for 2xemalo ey B BRI nspripst ST thridrt of step
di geteracRiitidtadl  Siidth Sayitd11.3The§@MEBUNANS Bhd M £d6M two
other and are substantially one on top of the other.

| pattesek&aprel 5, whieh dafiegl the,inmegandsouter apatours of the silicon

ﬁ@éhg%@ﬁoaﬁg%ﬁaﬁ%? F@?J@%ﬁl vely formthe upper and

l'an par of doubl e bal ance 20 spring

21. P I . ' f ' '

for mea Spaimille i idief 1f FIBLIP R, asg) X3 §y apPropdmately
g_cyllirrdrmgl wathué amtdutafr.sdo’niohhenelxmgmrg 15, %wpprakimbltbl} spiral-

i gure it can he seen that a bridge o teri

" sMHesd. Houergin apvataarenslz adtorno G Fustiodst uihe g on
r agbitishal BGe PPN aRbRE DR freddor Yor EVGEUASLPYS biiterns 13
as patternS 13 and 15 are etched at the sane tine, i
t Be¢ orlihug, Bheamicules, patterni 16 aa forss@mplay ivclude mpfe coils

t [ e . rated in Figures 10 and 11,

pgf?griﬁsg 1@“%#1%@& formrespectively the top part of

col | et t [T l.anc ' f.

bal ancE sty Hterh Y et AReh ey s WiRifar shape

: and| ghambt Jyiit m&bhesngaga ingdp gé'vyeﬂﬁ:h'ﬁ?lsimeamhdthdtmlties 10
ayer 11 are connecte y, the bot{om ttern 1

wEDR 42nrapectiuau TasTIagaP COBT LBt B atieras ¥ and 13

WebfimiificSeoRRd elaBh Idtier #YEard s@bstantially one on top of the other.
In the example illustrated in Figures 10 and 11, patterns 13 and 9
respectively form the upper and median parts of collet 27 of double balance
spring 21.

Preferably, at least one bridge of material 16 is formed to hold double
balance spring 21 on substrate 3 during manufacture. In the example
illustrated in Figure 4, it can be seen that a bridge of material 16 is left
between the outer curve of pattern 15 and the rest of the non-etched layer
11.

Advantageously, as patterns 13 and 15 are etched at the same time,
they form a one-piece part in additional layer 11. In the example illustrated
in Figures 10 and 11, patterns 13 and 15 form respectively the top part of
collet 27 and the first balance spring 23 of double balance spring 21.
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| aterally, by the outer curve of pattern 15, to

additional layer 11. 5 Preferably, as shown in dotted
lines in Figure 9, method I can include a fifth step

104 that consists in oxidising_at |east pattern 15,

i.e. the first bal ance spring72'3 of the double

bal ance spring so as to nake said first bal ance

spring nore nechanically resistant and to adjust its
therno-elastic coefficient. This oxidising step is

expl ai nefl, 'tlﬂs%ur%%?é&f 10%:it 5 éggrﬂ% patténc?\s"“rﬁ %I;Id'ﬁi etched in
i ncorporated hérein Dy reference dvant ageously,
aaddrtldnnaglayerﬂheanenvmneabed baftherbcfttnmtdﬁ patiepn 133 wilhr a high

il SradhiarRintoahove galkil @ cfTh (8Fhdy ik 16048 and

Fll&éfeﬂly%y HRYBURIF cuPRCHF ;ﬂittérhelﬂhsaadutleﬁ‘and oents A B
and C ends in the sane final step 106, which consists

in 15 PeéRASHIDY a%hshmn%aabﬁé@du%um er:@weagcenémbung can
21 fromsubstrate 3. Advantageous]y, ease step 106

cmh&e adiftrestes Hhihay copsistipi gridiginguat laaﬁbn@ﬁerrart% i.e. the
A SRy 2020 hefoGlic' Palhed Eptind SBRS €imake sai firs

forc
malMdeysmmgamore)pmcatamcaﬂy registant lEndi togadj@st ke trerdioglastic

to a.first_enbodi nment in a sixth.s 5 ho '
HeoRiciest TR BB, sibny 19 sRaRitel it R palet Rand e 43s,
f hicx RTRESrpeYatad Hevbinasy refbtehcr ocess to that of

steps 101 and 103, in bottom | ayer 7 of silicon- based

mat eri ddgvark u§F§rV 'abb@r%hr?gﬁtoaﬂ% %Qeﬁﬁérﬁn Afs fBﬁHh%t@ﬁ 103, or
17 and 19, define the inner and outer contour

otpr%ferabibrafpﬁrftfﬂ\ gepdéidometbad dnvay indudethrag ezuboqllments A,
the sypmpl exll |IM§ ré%gi‘;qn' 'Fadp:drgu ovJé@EFer ch’ dfSthe three

approxi nmat el'y a ci'r'cular section
aedthhtiments A9B| emdaﬁmmis msthelsyamesbmalateﬁ HApedhich consists in

Ho r, .ad t I to. d 1 h
PRS0 BEaNAGEESD Yoffihalbnth 2] Forisubsitate 5.

th f tt 17 - 8- d 19.. Th '

e SO ) 58, D8 bR sl
Caibbfiry sufitidieBréd t& 'doule/ %alance spring 21 to break bridges of

material 16. This force may, for example, be generated manually by an

operator or by machining.

According to a first embodiment A, in a sixth step 105, shown in
Figure 5, cavities 18 and 20 are selectively etched, for example by a similar
DRIE process to that of steps 101 and 103, in bottom layer 7 of silicon-
based material. These cavities 18 and 20 form two patterns 17 and 19,
which define the inner and outer contours of silicon parts of double balance
spring 21,

In the example illustrated in Figure 5, pattern 17 is approximately
cylinder-shaped with a circular section and pattern 19 is approximately
spiral-shaped. However, advantageously according to method 1, the etch in
bottom layer 7 leaves complete freedom as to the geometry of patterns 17
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Preferably, pattern 17, nmade in bottomlayer 7, is of
simlar shape and substantially plunb with pattern 9
made in top layer 5. This nmeans that 5 cavities 18,
10 and 12 respectively form ng the inner dianeters of
patterns 17, 9 and 13, conmuni-@ate with each other and
are approximtely one on top of the other. In the
exanple illustrated in Figures 10 and 11, patterns

and 17 formthe one-piece collet 27 of double

13, 9
oAb TR e B H R By, R gre oot o

bahamw ouyter ogrvel on substrate 3 during manuf acture
The exanple illustrated in Figure 5 shows that one
bri dgePesferatiigr patterh617 s maelet inbbdtteraniayén, dioérsimilanvshape

of pattern 19 and the rest of_ the non-etched | er 7.
é indog ayatit s eans that

A8DY upgtstially plurab i Ratirm % madg |
t Eﬁwﬁéﬁ gt '16‘3 nd Hberlésf)%tmeﬁ/ IR ﬁ?@lrﬁﬁrtdlérﬂe%?yd?flﬂatterns
I [n the example illustrated in 15 Fi gures

$1anqoaat emmmc@tadmﬂg ench othessprd ere @ppraxiwately one on

I
2%55 PRSIt i e Exefhid st Bfed i ERATRE RLARY AL ptforns
103, 9iandi 7 fdraathet drad-piesttopilot27 6f dodbléDatandeespring 21.
bottom | ayer 7 are connected by the top of pattern 17,

Wit h aphéferadigval leabt a@&ehermmgeatmemm t1érie f8rmed to hold
which is etched in top Eer 5 and, | ater

t H@UBI?I leqlapeR Sering Zﬂa(ﬁlil él“' st{afe: 3 dgipg M"@?@%rqw?@ £xpmple
FL‘J% trafdi I*g@re %Xancfwé‘ﬁ?atacg@/ E ldé%ro‘ftmﬁtgﬁgpﬂﬁ%‘qefﬁbetween

us produc€s a one- pi ece al ance spring 21,
f tharedtes survecofypattersi19 anmhthebrest af thet ron-gtcheddgyembwn
in Figures 10 and 11. It is thus clear that there are
no I ondevantageasskynbs pateotd ¢frandsihere atkchedisitthe same time,

DRI podEBloks A SR K 5ol e M8 fustated n

b#Figures 19rand g 12pafethsal Zangnd fmadnar@@peewrelylme’zbottom part of
which are joined coaxially to eac u@% bly g
copliaiZoand foe sspand haangs s0Eng 8é| baiéngs st 5521
the three successive Batte ns and 17 by etch ﬁ’ ,
t he suddesthissintb el 5elt|l%9@a§ thqt p@tt%ma173@n¢19|qtc ed in
[ r odah t f
Sgggtpﬁgla%gzsar‘g @nﬁ&?étgﬁyﬂﬁé t6p 't Pt S8 WitheS high level of
adherence, above pattern 9, which is etched in top layer 5 and, laterally, by

the outer curve of pattern 19 to bottom layer 7.

After final step 106, explained above, first embodiment A thus
produces a one-piece double balance spring 21, formed entirely of silicon-
based materials, as shown in Figures 10 and 11. It is thus clear that there
are no longer any assembly problems, since assembly is performed directly
during manufacture of double balance spring 21. The latter includes a first
balance spring 23 and a second balance spring 25, which are joined
coaxially to each other by a single collet 27.

As explained above, collet 27 is formed by the three successive
patterns 13, 9 and 17 by etching the successive respective layers 11, 5 and
7. It is thus clear that median pattern 9 is useful as spacing means between
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the first balance spring 23 and the second bal ance
spring 25, but also as guide neans for said bal ance
springs. Advant ageously, according nmethod 1, it is

t hus possible, via the choice % t hi ckness of top

| ayer 5, to define directly the space between the two
bal ance springs 23 and 25 and the 5 guide quality
thereof. Simlarly, the height of bal ances springs 23,
25 and, incidentally, those of top and bottom parts

1 . 7 j CESHRR I
SR o S 28 oyl Lot lonchEESRAERS! ut i as
t gudeneemnsffor adii balanakt dpmipgs. Mvantﬂgbouslgmbwdmg?method

R arelf Ve SR o Bl L9580 87 cemne

gem&ew Yhefspaekbabsvespr tHeg we baldice@ring®|AFxand 725 and the
Thus, 1in partlcular each bal ance spring 23 and 25 can

hevic's qualityihere@irber of coils, its own geonet ri caI
features in promm\ggto col | et 27, its own co

wi ndi n§imilarsst thenhaight Af sbalapees wpriags 43, g%%n%tdr ymc'dentally,
P c Yy r t y
offidsel 86 30bY 2l Beud0Beds 4 r 7" BF coblel 7, Wnithlare not
Zaeceﬁsardm etdmais taxrv dbeadiregtiyn defined yuthe choicas of dhickness of

cQ rat sse Iy or have, on the end
oﬁgﬁﬁ'é?”a I@gcr E1 gbog%"ﬂ)?ﬂ portl on that can be used

e asonfiote fig & %gg#rﬁsaeoa TR i §od g 18 o 38ihod 1

ohjlNfdoPhEIBte FloBBAS 88% W@@bnﬁ?@f@ﬁbélﬁﬁc@% |ﬁ§§t23 25 and
over one of bottom 17, median 9 and/or top

. cplietedt, Thep dncrarticulpbreadhebalanpe srrieg %.aeﬁ %glcraethave its
2 |
Cévopq hlimBEr %P%BL&% bR géqqﬁém%gfaagg qugﬁéaﬁ}gmto cgllet 27,

enent ar
cdﬂsloavn Eatl wlndilega damctlonrand alseritsan@hocuree tgeomitanyiasticularly
ar.e not essa

[ I b
R eI Beiel Gl By ol fhsRAne R o1t andle e other of

I |bbl$ﬁic©ab§ﬂng¥§1 a3, 925 9§arilQh@é1d13% ahabpes codter i digse 25b as to
and 25 have the sane hel"%%er@rlthﬁe' they are etched in

| &9@p§rare Wil an inslex¢agse vek%é%e gRd af flag omigresurve, a
|8H'TIJ'? ag'f b& Pkbg as-'éhﬁmﬁ 9\5% o%cﬁrﬂ@htr out er

cur e are Shl relative to e et by an angle
of appi@ébé@fdshxe with the same reasoning, collet 27 can have uniformly

peculiar or different dimensions and/or geometries at least over one of
bottom 17, median 9 and/or top 13 parts, . Indeed, depending upon the
arbour on which collet 27 will be mounted, the inner diameter can have a
complementary shape over all or part of the height of collet 27. Likewise,
the inner and/or outer diameters are not necessarily circular but may be, for
example, elliptical and/or polygonal.

In the example iillustrated in Figures 10 and 11, balance springs 23
and 25 have the same height, i.e. they are etched in layers 7 and 11 of the
same thickness and they have the same number of coils. The ends of their
outer curve are shifted relative to the collet by an angle of approximately
180°. Finally, the coils of balance springs 23 and 25 have opposite winding
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30 180. Finally, the coils of balance springs 23 and
25 have opposite winding -10- directions. Moreover,
collet 27 is of entirely uniformheight and it is
approxi mately cyl i nder-shaped mnth a circular section.
As expl ai ned above, because of M ne manuf act uri ng
freedomall owed by nethod 1, things could be
different, i.e. the ends of the outer curve of 5 each
bal ance spring 23, 25 could be plunb with each other

Wﬂiré@gd’?ﬁ”' ﬂlo?éjﬂ\?e'?t a&)‘ﬂgf‘%ﬁ’ i§ N3P dntivd) gbﬁlfc@rgnﬁelgﬁ’tz%%d it is

use t he bal ance sp
tapptteurnatdlyetyllridter-shapbd\Aaﬂrwcinwlaos@cmdrhat the very
good structural precision of deep reactive ionic

et chi nAscbqunaeiaeeﬁbbbe be@aaser aﬂt‘hesmﬁummlrcg‘ freetlamcallowed

1 3 d th t |
SBy Imetheg T ftings Fodeos KilferbRt 1o the TSl Texs WppGurve of

dbé&ﬁttﬁdléwéa‘ sﬁﬁhé o3 25 E4dSe PiuthBtwith $8eh dthet Whidhwould
cl'ear that double balance spring 21 can advant ageously

r adeantageuslyi esableasingieegneans o bedused tF BP&G the two
BBl Ee i BEE and 25 upg I LBt Y Eiﬂ?‘/ chn be
2500l Puld s B iRy (RAEE L B8au et efRU b deep

r esadtivenbdnicrateniag aletheakdsnthe étiartaadmldf@ach?of tﬁalahce springs

| R3ndids, (hss dhe: avtemat ciamebia qlocallst . EichamgRns tpat the
LintEmral &M é?iteHmﬁar%fé%é %?edbubﬂ 2% &4H 88 rhinisufBed S1t9$ thus

EP Pat ent No. 0 994, said Patents being
i glear ﬁbahtd@@blmbelamcbysprmgar%neen aveptageany sty receive, via its

REPG ST 10 AR 2t Pbo B shitfeBiqfiPgter PR cdmenty

casgalbt mgufarctuhrmdl enmenting a LIGA process (fromthe
German "rontgenLl t hographi e, Gal vanof ornung &

fAbf or lﬁFPlﬂ@’e}atl)IJ hsadpar@ggsszannbé lséeerh@ tEEtheémtlefnad;tmeger 18
or eectrop atLn a on thnhe ttom | a

s@pgtar heandiop 18 %aﬁq"ret:arafr IG0iRIMRg Caeﬂ??gaah'eveg Using resilient
pﬂ%eﬁ%t éféﬁ&&ﬁﬁ%nf&%‘ Sollef 27t Hhlicsticht Qr‘féh?f?s m%yWPdH example,

known, 1t wl described in nore detail here.
ptakfecthebioym omosetcmcmq;bm Figuresl 0beto Qi of EP Patent No. 1

655 642 or those disclosed in Figures 1, 3 and 5 of EP Patent No. 1 584
994, said Patents being incorporated herein by reference.

According to a second embodiment B, after step 103 or 104, method
1 includes a sixth step 107, shown in Figure 6, consisting in implementing a
LIGA process (from the German “rontgenLIthographie, Galvanoformung &
Abformung”). This process includes a series of steps for electroplating a
metal on the bottom layer 7 of substrate 3 in a particular shape, using a
photostructured resin. As this LIGA process is well known, it will not be
described in more detail here. Preferably, the metal deposited may be, for
example, gold or nickel or an alloy of these metals.

In the example illustrated in Figure 6, step 107 may consist in

depositing a cylinder 29. In the example illustrated in Figure 6, the cylinder
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exanpl e, gold or nickel or an alloy of these netals.
In the exanple illustrated in Figure 6, step 107 may
consist in 30 depositing a cylinder 29. In the
exanple illustrated in Figure 6 the cylinder -11- 29
is for receiving an arbour, th i s advant ageously
driven therein. |ndeed, one dramback of silicon is
that it has very few elastic and plastic zones,
making it very brittle. The invention thus proposes to

ag% R, etvina B SRR, Puforbds ARieriacdusnl Yrivsg, therein.
dill@dﬁtﬁror@dfﬁwmﬁl@bf slicomdethaoit halgi wéryifew elastic and plastic

el ectro at ed durin 107. Advanta ousl
2206R8 MGRIG ey dde. (e & inyeRfiofe thus, PERRASESA fhan arbour,

ek&GChxsmpR! %%Iﬁdé’%‘@fﬁ%ﬁ?'a@bﬁsﬁ rﬁ@%ﬂi&ba%fnﬁﬂef @? Ibms to the

geonetry. articu i nner di anet er

i @nﬂrtdrameéersa&qfwetai qwlinder B9t Whmh sxelepireplated durlng step
Pq gonal , which could inprove the transm ssion of

stress in rotation wwth an arbour of matching shape.

i gur o SvathabiBl: Steartlll ILheing tothe QU5 2 diftained by
exxiguopldtingaalRle caripio, freeddmat a9 medanderits’ gebmetry. Thus, in
silicon-based material. These cavities, allo

t BARECUWYy inngr diamst %g&ﬁd’%d?%ﬁ’@éaglﬁrq"ﬁﬂygén atttaf%r example
C‘Eab oy? n§| 'Wﬁl@ﬁ do%lcpﬁﬁbr%‘ﬂlﬁsthégtréﬂsq’né&oﬂfoftéi?esfs' ihsr‘otatron with

After final step 106, explained above,
tlae! as'bcohqf @ﬁlﬁi‘dﬂg@h@p$ t hus produces a one- pi ece,
doubl e bal ance spring forned of silicon-based
mat er i & a8 sevehth stepstit sinilamtoasiep 185 shaygtimEigure\5, cavities

cPLsseRuPEY B8 Jor, B BREbT 2, BRIE shstpety i Selittpver 7 of
siglieonagsedbmatersal C Phekse depitiesdallewt baﬂ@ﬂsitbgbe formed for a
manufa &)ure of the d ubI bal apce spri

a&0sAtd yaknse,sorng anha 'ebﬁmw@ra?métﬁ"%aa% a\ﬁ@t 7 hksthe first
| RAfSodiindRERner 28 of netal part 29. One could
therefore envi sage cavities 10 and 12 incl uding

3?%{9?%@@@?&%@[@@ 'é‘ipf%' rgegfaso ) gﬁ? st?r‘éq/ gﬁqudarrﬁént B thus
apbaducdseiangne-piece, double balance spring formed of silicon-based
materials with the same advantages as embodiment A, with the addition of
a metal part 29. It is thus clear that there is no longer any assembly
problem since assembly is carried out directly during manufacture of the
double balance spring. Finally, advantageously, an arbour can be driven
against the inner diameter 28 of metal part 29. One could therefore
envisage cavities 10 and 12 including sections of larger dimensions than
that of inner diameter 28 of metal part 29, so as to prevent the arbour being

in push fit contact with collet 27.

According to a third embodiment C, after step 103 or 104, method 1
includes a sixth step 109 shown in Figure 7, consisting in selectively etching
a cavity 30, for example, by a DRIE process, to a limited depth in bottom
layer 7 of silicon-based material. Cavity 30 forms a recess to be used as a
container for a metal part. As in the example illustrated in Figure 7, the
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in push fit contact with collet 27. According to a
third enbodinent C, after step 103 or 104, nethod 1

i ncludes a sixth step 109 shown in Figure 7,
consisting in selectively etching a cavity 30, for
exanpl e, by a DRI E process, tola linmted depth in
bottom 30 | ayer 7 of silicon-based material. Cavity 30
forns a recess to be used as a container for a netal
part. As in the exanple illustrated in Figure 7, the

%ngf Y 6%}aﬁ1%d°95r‘?"t tl’?@'?oljiﬁ"?? d stof ﬁfeo{ﬂ]egfgr,i?g{%gageously

ant a accor di ng
etacbomlﬁng)tu trmttnd>dayethe7etdhl afvisottoompdyere alices] oompiete tireedom

th t f 0. |1 th st 110,

| PR TbaoeR e aaY 80 et hod 1 1ol udes 5
TR P VS G0 P . BfERce
MRhplensdidBon BF %fé‘élﬁ‘gﬁl}é q(rbﬂﬁh QPP_FGAt;ﬁﬁcé@é ﬁir filiRY 8@ty 30 in

for exanple, go or nic I'n the 'exanp
| ﬁpg@ndaat:edmtm aﬂp@tmulas metakghape H@emutbe daposited metal

OSPAFAL Rl A oAt L 30 O nder 511

0 which is advantageously

d d
vt 5@3@%551‘%'3?& fSpraftis, T PORLRY &, “BBHS 1 (P ofhay consist in
t idgbbeiﬁhg@t tgth'ﬁud@r BP}Jn,cdvgy SOSWImUer_ Bhes ]Icfarl ralnemngt arﬁ7 farbour,
not , I N e SiIliIcC -pbased materi a (0] (o40) ,
DR Ravanigeousl e Sevein: wdast. & pHalgineg above, one
“@UQQnt'a@eSh@%ét‘aPé at ?r% irfliehtind c‘bh%l%tslﬂfptlglﬁénmg the arbour, for

Advant ageous éaCCOT Ing to nmet hod 1, i nder
a

olexampie] thy batanset stefil act agaiist she Sdmmtasadf F@&;@NﬂhQisCOHet
t gl I r

d?ZmE%Pt ?ﬁ%g@frwe %Té}Hgtceésésia fﬂ?fécll &| ﬁzﬁerrégﬁfgll’n&?gs{ electroplated
exlanpy step podygonal , which coul d i nprove the

transm ssion of stress in rotation with an arbour of

mat Chi H@vah@@eouaﬁ) Beedrairgplty , metidiod, loylinder s obtained by
f consi t| ng ﬁm i shing the metal .
%Wgsf H’&’ée cam rte@Bo ®s itg #8q9e0metRyakEhus, in
S%bﬂldﬂ@é??ﬁﬂé inPRr Bta?ﬁeter 32 is not necessarily circular but, for example,
polygonal, which could improve the transmission of stress in rotation with an
arbour of matching shape.

Preferably, method 1 includes an eighth step 111, consisting in
polishing the metal depasition 31 made during step 110, in order to make
said deposition flat.

In a ninth step 112, similar to step 105 shown in Figure 5, cavities are
selectively etched, for example, by a DRIE process, in bottom layer 7 of
silicon-based material. These cavities form patterns of a second balance
spring and a collet similar to patterns 19 and 17 of the first embodiment A.

After final step 106 explained above, third embodiment C produces a
one-piece, double balance spring formed of silicon-based materials with the
same advantages as embodiment A, with the addition of a metal part 31. It
is thus clear that there are no longer any assembly problems, since
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In a ninth step 112, simlar to step 105 shown in
Figure 5 cavities are selectively etched, for
exanple, by a DRIE process, in bottomlayer 7 of 25
silicon-based material. These caV|t|es form patterns
of a second bal ance spring and T8-collet simlar to
patterns 19 and 17 of the first enbodinent A After
final step 106 expl ai ned above, third enbodi nent C
produces a one- piece doubl e bal ance spring formed of

SPGB k) A BB g pgance

3@priegt Hirsally, eaadvainl@eddsb,r earararbnur lcangée  driyerasagzimdtyinner

QMG e ey BetAl BRE. o auBaHRTEEre dyelergby etivisage
Ficagitiey .1 (AdM@ N2 MRy sedlibry Bpl#rgé‘ra@m%s%riQ/Mn that of the
agai nst, inner _dianeter 32 of the netal part.

cHiney dipevederod2 of maetal ABrty3 brigi Rrgyent tm/althwf, bﬁmgarm push fit
1%0}.'%@‘%%% ég yions of larger dinmensions than that

I nner |ameter 32 of nmetal part 31, to

preven gu c t

Cor | ot AsHRITE 3B(iive SR |chnifiiithehis ACEEAREL G f should be

Cunderstooad thatttae fmalieinsnbtmdalehae spriegfahisl thdtetd:dsembled prior
is thus a led p

s?‘? ugg'ﬁ@:%ﬁ"%% %C]jprl%r Rrgr bi‘?se &%eﬁtcgﬁﬁ/ dg?rt é\%%ed by

bylek@roplAig! %ﬁ@éd%ta?éb@sl@ﬁﬂﬁmlwwé%p%ﬁ §@ﬁerated by
t he di spersions generate current assenblies of

t ®IrreRt asramilins ﬂfg@qumalangg@aqunﬂyconmw@y. inroves the
P ?&d@bﬁ%f%fr gura%&%@w or TR WA Eh%mﬁi}é gt will

dvantageously, accor I'ng t Irnvention, it

' s al Sﬁd%ﬁ%rﬁebngl% ?Ec%ﬁlnrgggjzméj hﬁ/efn%nsﬁ\f? f@ AP lfat it is

bal ance “spri he "Sane
s pbssibkt ﬁ)r33e\xdnalcdoalblbobwabeﬁ @pringsd@1cto be. msdeeny dhe same

0 make rivi insert of the sane
t%ésté%estﬁ‘w%{pha pws g groggcﬁtﬁa/ or 31 also, or
solely,fromadditi onaJ %er 11 and/or top

One colflACAYYo 1df\POSERIE 1thaaksoa tsialwmc'esgarqfﬁ@é Sﬂmeawe as
o a5 s 3 o, Sl s
caetfardeefayer &. Enaiceyld \alsa apvsage theltveo balanee springs 23 and
d9B9%5ihé Dxidised to make them more mechanically resistant and to adjust
their thermo-elastic coefficient. A conductive layer could also be deposited
on at least one part of double balance spring 21 to prevent isochronism
problems. This layer may be of the type disclosed in EP Patent No. 1 837
722, which is incorporated herein by reference. Finally, a polishing step like
step 111 may also be carried out between step 107 and step 108 as shown

in dotted lines in Figure 9.
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on at |east one part of double balance spring 21 to
prevent isochronism problens. This [ayer nmay be of
the type disclosed in EP Patent No. 1 837 722, which
i s incorporated herein by refeignce. Finally, a
polishing step like step 111 nmay al so be carried out
bet ween step 107 and step 108 as shown 25 in dotted
lines in Figure 9. -14- CLAIMS 1. Doubl e bal ance
spring (21), which conprises, made in a |layer of
silicon-based material (11), a first bal ance spring
(EHAMMSxi al Iy nounted on a collet (13, 27),
characterized in that the collet (13, 27) includes one
extending part (9) projecting fromsaid bal ance
spring, which is made in a 5 second layer (5) of

si | i condbafedibimbalangk, springd(2d)t whithnepparisess xnadeiing layer

BB bR ) st b SEFR32S gBBKAR) Hlountco

one- picdilet (B|027), @hbﬁamerlmﬁ imtha(t&hb collde (13, 27) includes one
siljcon- based terl al s BI e bal ance spri n&n .

a@&‘tﬁ‘r"ﬂn% Pag @ aHrWPEt'“% ﬁ%é@@l 3lagce spring, h'{s\ade in a
cQbb&id (dver @Sg df7sn|8t7r) bB@éd FRBIEAI, '@él@'éédéﬁkﬁng%ﬂﬁt extending

section In ea said layers So as to facilitate

ad] Usinte et third mecﬂ (d@d wib| silicont-banss satend. ccaax@p\uﬁm é@ second
RS ARG QS e RN AL e o

acilioon-batseansteriatse of the layers (5, 7, 11). 15 4.
Doubl e bal ance spring according to any of t he

pr ecedi g Dﬂu@ld’ﬂbalaﬁm@fﬁprﬁmq iazedrdiny tdalaitmhe, hasacterized in
nclude coils wound in the s

di f55é38f3 &%"8*5(13D§u67e25)a|n%§1aepgommﬁ@hét!@o%mﬁgsepa%ﬁyeach of
Okafy léggfs go éQt(%faCIIﬁ AGUSAAROF 'sH|dt diblé BRI Ry

spring I nclude’coils wound Iin 20 dlfferent

directi nsp b ian
of the 9r eceglblepg% n%e wgrcg@{dé Ze&%}ﬁggh%hta?%&@bfzed in
efthnd the qollet bas ersubataréslly)ﬂnfweht sdctioneacross at least one of the

layers (5, 7, 11).

4. Double balance spring according to any of the preceding
claims, characterized in that the balance springs (23, 25) include coils
wound in the same direction.

5. Double balance spring according to any of claims 1 to 3,
characterized in that the balance springs (23, 25) include coils wound in
different directions.

6. Double balance spring according to any of the preceding
claims, characterized in that the ends of the outer curves of each of the
balance springs (23, 25) are plumb with each other to allow single means to

be used for pinning said double balance spring up to the collet.

7. Double balance spring according to any of the preceding
claims, characterized in that the balance springs (23, 25) have the same
angular stiffness.



bal ance springs (23, 25) are plunb with each other to
allow single neans to be used for pinning said double

bal ance spring up to the collet. 25 7. Doubl e bal ance
spring according to any of the preceding clains,
characterized in that the bal aﬂlgé springs (23, 25)

have the sanme angular stiffness. -15- 8. Double

bal ance spring according to any of clainms 1 to 6,
characterized in that the bal ance springs (23, 25)

each hayge b Q@%u S bLe;

bal ance\éspﬁ E’Eé;cqi:al s?)ﬁ'mg Bbéérﬁﬁﬁto %i %@'m% 116
clchareternitesnt iadhet ihze@blance bpnﬂngﬂ (A 26) eenb hatve tdistinct angular
bah&nce springs (23, 25) has at |east one silicon

COR SR based part so as to nmake said bal ance spring

nor e meghanj |y reS|stant and to, adj ust

her - & alloUBIe, ARG NG, AEcagHts 19: apy G dhe preceding

5 b@laﬁ'ﬂﬁ@%%b@z@@ﬁﬁ'ﬂﬁ’ét% |bastme &f thé%l%@@&m& (23025) has
clains, characterized in that the i nner coil

| @hdeas aneosilicor dd@ﬂ@er@ase@marhg@ aszte, make w@ b@!ance spring
”ﬁ%h@Hfo}éﬁg Sr%ar’%gd Boé@u&.{“ the QHéﬁﬂ{[ 1e'_|£s[58u goefficient

devel opnen e bal affce spri

b#hersok spring accordi ng to any of the precedi ng

clains, characterized in that the collet (27) has one
nmetal part D(o%ie Ilahee spkimgr mebndlmm tan amybotirthehpreceding

d th T ne t d t {
10 | Biaitns) Ghateoie msthire st AGBNSC 6l 48 AldEastupRg of gngy Belance
okpkiRgs P2SC2Y) Res @ @roSsmadn dMpid128 4slic Fhprove the concentric

manuf acturing a doubl e bal ance spring (21) including

t Hevelopmant of saideguble balancerspfingi ng (100) a substrate
(3) including a top layer (5) and a bottom Ilayer (7)

of silildonDoabled halarsee spfingb)acserding i toelapyeof hihag preceding

{ el kR b bhey 181) bl e BRalgRif 24,30 for

15 ( 289eivingc® arboar tHat dndriven therein.

12. Timepiece characterized in that it includes a double balance
spring according to any of the preceding claims.

13. Method (1) of manufacturing a double balance spring (21)
including the following steps:

20 a) Providing (100) a substrate (3) including a top layer (5) and a bottom
layer (7) of silicon-based materials,

b) selectively etching (101) at least one cavity (8, 10) in the top layer (5)
to define the pattemn (9) of a first part of a collet (27), made of silicon-
based material, of said double balance spring,

25 characterized in that it further includes the following steps:

¢) joining (102) an additional layer (11) of silicon-based material to the
etched top layer (5) of the substrate (3),

d) selectively etching (103) at least one cavity (12, 14) in the additional
layer (11) to continue the pattern of the collet (27) and to define the




based material, of said double balance spring, 25
characterized in that it further includes the
followi ng steps: ¢) joining (102) an additional |ayer
(11) of silicon-based materi al to the etched top

| ayer (5) of the substrate (3) d) sel ectively etching
(103) at |l east one cavity (12, 14) in the additiona

| ayer (11) to continue the pattern of the collet (27)
and to define the -16- pattern (15) of a first bal ance

spring 0 Ly - e

doubl e pbggtgc}ar}]égggg’rfi%Jﬁétes)g%@f%iﬁg‘& @e)t Ny cfflﬂE@derased
108, 1h2atest), loésaid double balarnge(shBing20) in the bottom

| ayer (7) to continue the pattern of the collet (27)

and épse@cﬁﬁél'yﬁﬁchlh? (post €08 {1B)atdéast moaaitybealaamm in the
silicon-based materi al

Zgﬂimngb% ﬁhé%aefr&ﬁnt@ caniinue the natlerm ot the aQJf% @ and to
5 bal ancejehRE| the ﬁ)gﬂémf (ﬂ?g‘ M8 SaHoplr Béiﬁn&@)spr% gﬂ?t heshe of

according to claim 13 haracterized in that,

step @)hcontba‘sl@dtmateriahcﬂf@@std@memlam sfing, @pd 10

g) oxidising the first bal ance spring (23), mnmade of

si | i Borelsasiag therdoebledbalasee apring (2K shel substmated3).

spring nore nmechanically resistant and to adjust the

t her nn41él aMetbod @aetording e claimr £3f chdractekzedod that, after step
characterized in that,

g%&'ﬁf Fdr@%éﬂq%'j'degi {Hefjfg’?p?‘ﬁ@g $tﬁ81 udes the follow ng
10 rmdo of) STEBH. B ISt RAEERaSPTEg (Gah B3RS il pr-based

bal ance Srﬁbtéiﬁal gy %s%cﬁékbcédlb&balérﬁ% §Eﬁrﬁ1§ radYe ﬁféchanlcaﬂy
adj ust the thermp-elastic coefficient thereof. 16

Manuf act Jﬁﬁﬁ@anfanﬁiot@ adjesirthe rﬁ@em-shash@ﬁoeﬁmm therepf

15, characterized in that, prior to step ez,
furt hefl5i nbeibled acherding taalaim & ep14, cltemyterized in that, after

" S e Rt e SRiCt et he “pat ter n of
15 a metal, poaxﬁlsg'négfhe%écon% b&lgﬁcg plrl% (cz%pmade of silicon-based

material, so as to make said balance spring more mechanically
resistant and to adjust the thermo-elastic coefficient thereof.

16. Manufacturing method according to any of claims 13 to 15,
characterized in that, prior to step e), it further includes the following step:

20 h) selectively depositing (107, 110) at least one metal layer on the
bottom layer (7) to define the pattern of a metal part (22, 31) on
the collet (27).

17. Manufacturing method according to claim 16, characterized in
that step h) includes the following phase:

25 i) growing (107) said deposition by successive metal layers at least
partially over the surface of the bottom layer (7) so as to form the
metal part (29) for receiving an arbour that is driven therein.

18. Manufacturing method according to claim 16, characterized in
that step h) includes the following phases:



17. Manufacturing nethod according to claiml1l6,
characterized in that step h) includes the follow ng
phase: 25 i) growi ng (107) said deposition by

successive netal |ayers at Iea} partially over the
surface of the bottom | ayer (75 50 as to formthe

nmetal part (29) for receiving an arbour that is driven
therein. 18. Manufacturing nmethod according to claim

16, characterized in that step h) includes the

fol | owi

| oast %I@%&% et(:[gﬂs\é 1%9 %F a\éftbﬁe’qa%ﬁgm)ﬁmqaé HRttom layer
receivi ngﬂl)lfm*meewlngmmm(e&lpartlﬁﬂgr owi ng (110) said
deposition by successive netal |ayers at |east

par ti ak) ygrowirgp( tl (Btsdiddepositien (bgrvsaqcessxvesnelral fayem at least

t he net al or receivi.ng an
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