ONE- PI ECE HAI RSPRI NG AND METHOD OF MANUFACTURI NG THE
SAME FIELD OF THE | NVENTI ON The i nvention concerns a
hai rspring and the method of manufacturing the sane
and, nore specifically, a hairspring with a raised
termnal curve 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

bal ance, and a resonator called a hairspring. These
parts have a determ ning role as regards the working
gquality of the tinepiece. 10 Indeed, they regulate the
novenent, i.e. they control the frequency of the
novenment. In the case of a hairspring with a rai sed
term nal curve, many materials and nethods have been
tested, but withQNE+RHOCE hAIRIPRING iAdND as regards
resonant assenbly 15 SUVWARY OF THE INVENTION It is an
obj ect of tMETHOE£eMF MANUFAL TURING ddhe SAMBr

part of the aforecited drawbacks, by providing a
one-piece hairspring wwth a raised termnal curve,
whose therno-elastic coefficient can be adjusted and

WHIEDDZOF THRIeENEOMSi Ng a manufacturing net hod that
m nimses assenbly difficulties. -2- The invention

ther ef ofify Cﬂﬂié?l‘hﬂﬁ acdRrid eee Rairssrid N@ndhathe method  of
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BACKGROUND OF THE INVENTION

The regulating member of a timepiece generally includes an inertia
wheel, called a balance, and a resonator called a hairspring. 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 hairspring with a raised terminal curve, many
materials and methods have been tested, but without resolving difficulties
as regards resonant assembly

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome all or part of the
aforecited drawbacks, by providing a one-piece hairspring with a raised
terminal curve, whose thermo-elastic coefficient can be adjusted and which
is obtained using a manufacturing method that minimises assembly
difficulties.



5 silicon-based material in order to inprove the
concentric devel opnent of said hairspring. According
to ot her advantageous features of the invention: - the
el evation device includes el evati on neans for
connecting the outer coil of t4e bal ance spring,
which are made in a second | ayer of silicon- 10 based
material; - the elevation device has an end curve
connected to said elevation neans and fornmed in a

third I I f :
Brlelgrguet( e)erln%?ﬁdA ﬁ%?ef&?%eg%ﬁ?érﬁg' 3 Fg}ﬁ’%‘*)fe%e ‘?{Jaﬁfsgnﬁg that
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' rélé\ktﬁ% ot rél\%@@riﬁetlﬁ.ltéf‘é@il §Pébﬁ9bél§ﬁéé %thg dravet£4d tayer of
a second collet, connected to said el evation neans,

5 arﬁﬂ'coﬂobaﬁﬂﬂi matarialhiny ardesyter imgarove | the oransgskis dgvelppment of
%) bl e bal ance 20 spring in series; - the
hal rsprl is at | east one part nmade of silicon

st %‘%f@‘ﬁé%‘%ﬁf@% E&“&@?!@Qﬁjﬁ# PP PERIH . °
uit cffte EBSpfof dlsiee sluckes A8 SRR gt Yot

si |'i egihob&se Barmicer sy, which ar@madit aaeeohdneyer of silicon-
bal ance sprl ng coil has a Grossmann curve so as to

10 npr B38ed MAtedAlcent ri c devel opnent of said hairspring.

More generally, the invention relates to a tinepiece
char e @levasiani ﬁeV'Pﬂaha$ tan REXu §eRea CORBEPLECE Said elevation

hai fﬁ@dd@%@f@ﬁ%ﬁrﬂ P HiHn- Bgﬁd Ha?&ﬁéi' Plich forms

vari ants nal nven Ion relates
met hadBrefusgbict ur i ng a hal rspring that i ncI udes t he
foll owi ng steps:

- the end coil is a Phillips curve;
15 - the collet includes an extended part that projects from said balance
spring so as to improve the guiding of said hairspring;

- the elevation device includes a second balance spring coaxially
mounted on a second collet, connected to said elevation means, and
formed in a third layer of silicon-based material to form a double balance

20 spring in series;
- the hairspring has at least one part made of silicon dioxide to make it

more mechanically resistant and to adjust its thermo-elastic coefficient,

- at least one collet has a metal part into which an arbour is driven which
avoids damaging the inner diameters made of silicon-based materials;

25 - at least one inner balance spring coil has a Grossmann curve so as to

improve the concentric development of said hairspring.

More generally, the invention relates to a timepiece, characterized in
that it includes a one-piece hairspring in accordance with any of the

preceding variants.
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a) providing a substrate that includes a top |ayer and

a bottom |l ayer nade of silicon-based material, 5 b)

sel ectively etching at | east one cavity in the top

| ayer to define the elevation peans, made of
silicon-based material, of said hai rspring, c)

joining an additional |ayer of silicon-based nmateri al

to the etched top I|ayer of the substrate, d)

selectively etching at |east one cavity in the

addi ti a ug t r

el evat ﬁﬁélr%aﬁgé 'hge?tg)oq‘dé?grgggt@e %Zrtn? g{rotr?e d ﬂ%arﬁﬁgcturlng a
baharspeing thatigcladds she @llogting ses: of silicon- based
material, of said hairspring, characterized in that

it I fab_tmﬁrndin’g?bgsiﬂﬁsttdnelthal irhides attepslaye) arr:d ak\) bottom layer
sel ective in east., pne cavity in the bottom

| ayer t@agérﬂ?ﬁﬁ'ﬁgn%ﬁegﬁ'@a'ﬁg?t)er n of the elevati on
means_and to define theéé)attern of an .end c

el oBb; SRPHNE SIS AbdSas ARG RV s TNeni0e (BEh &0 Sefige the
to ot heéle Kﬁﬁﬁé@ﬁeuﬁlaﬁﬁ%%‘it Q{]e dn féY%mdf%@Iid harré};ﬁmg,

etch of al ance spring an I'n step d

I s rsy‘%ﬁﬁ’%?ﬁg‘}dr@'to at| 'E‘ye‘?to“f%cjg:% tﬁ’a‘:‘seﬂgﬁ ﬁﬂa‘(?o 'tr'ile é’édﬂéd top

an ‘exte art e coll
etched laperadf theasibstrate, of the ot her | ayers of
silicon-based nmaterial; - the pattern of the end curve

et cheyl %hled:tlh@lystammg ats Ieastl anedcéwgtyt mleth@aadcﬁﬁmmlofayer to
a second hal ance sprin second co S Lo
25" o roNTURUNE RaednEh Dpe R e Meareand o Gefils ygatiom

step ofgfeh %I%@s&%%ﬁﬁ& $ BHil&td mdde ofBlliBeA-baget Utlaterial, of
step g): oxidising t bal ance spring nmade of

si | i corsakhdairspiEI®ri al so as -4- to make it nore
nmechanically resistant and to adjust its therno-
el chractedzed in thadittfurther includes the following steps:

e) selectively etching at least one cavity in the bottom layer to continue
the pattern of the elevation means and to define the pattern of an

end coil;
f) releasing the hairspring from the substrate.
According to other advantageous features of the invention:

- the etch of the balance spring and the collet in step d), is reversed
with the etch of the end curve in step e),

- the pattern of an extended part of the collet is etched in at least one
of the other layers of silicon-based material;

- the pattern of the end curve etched during step e) is replaced by the
patterns of a second balance spring and a second collet so as to

form a double balance spring in series;

- after the step of etching a balance spring, the method includes step
g): oxidising the balance spring made of silicon-based material so as
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- prior to step e), the nmethod includes step h):

sel ectively depositing at |east one netal |ayer on

the bottom |l ayer to define the pattern of a 5 netal

part on the collet, - step h) ipcludes step i):

grow ng said deposition by succeSsive netal |ayers at

| east partially over the surface of the bottom | ayer,

so as to formthe netal part for receiving an arbour,
which is driven therein, - step h) includes step j):

sel ect iy fﬂeﬁﬁékstﬁ'}hefb %eérﬁéfﬁé inees‘fsfl‘%!htt ¥nd "ot EEjSusiLQts fhermo-
bottomTayer for recelving t metal part an tep k):

gr owi neelasticdcoaffigieni,ti on by successive netal |ayers at

| east partially in said at |east one cavity so as to

f or m t hpriomgd ateppey), tthe methodiindudes atelpdm)r se]elctivebiy depositing at

driven, cludes a |l gst ste

he moileFstcRm satab Rver 68 °the S Tay, et 1, plflerm of
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DRAW NGS O:ﬁ peculiarities and features will appear
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met hod tastemh dayer fop r‘eb@lvinlgvmt inetal partiapdr step1K): gnolwihg said
are perspectlve di agr ans one- piece hair

a
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per spoci a8 88 6o W | BAEERONAY S ntour il b
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- step h) includes a last step I): polishing the metal deposition,

- several hairsprings are made on the same substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Other peculiarities and features will appear more clearly from the
following description, which is given by way of non-limiting illustration, with
reference to the annexed drawings, in which:

- Figures 1 to 5 show successive views 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 hairspring

according to the invention




5 The invention relates to a nethod, generally
designated 1, for manufacturing a one-piece

hai rspring 21, 21' with an el evated or raised

term nal curve for a timnepiece venent. As
illustrated in Figures 1 to 9,”YTethod 1 includes
successive steps for formng at | east one type

hai rspring, which can be entirely fornmed of
silicon-based nmaterials. 10 Wth reference to Figures

L e 125 b R BT g g i e

i ncl ofdthe iavértjon.l ayer 5 and a bottom | ayer 7 each
formed of silicon-based material. Preferably, in this
step 100, substrate 3 is selected such that the

hei ght of bottom | ayer 7 matches the height of one

PDETALENDESCRIPTION OF PREFERRED. EMBSTHMENYS t op
|l ayer 5 is used as spacing neans relative to bottom

5 | ayer TheConaaflioAntéidtest he¢ Jem@iodf gbadraligyaesignaded! 1, for

be adapted in accordance with the configuration of
af:wngng Qne-pieger RaisgIinge2 i KAl Wlfboarl elevatgg or raised

2 F
et R, g, JEBAI RO P 0,
remethode1 wmfudcesemmh;es:pvesm for forming ak east oBe dype hairspring,

DR a8 BT PR °fal'°?ﬁﬁ’éﬁgéﬁ‘55‘r8ﬂ?é¥ ESL?EU?S

10 b s oG T16Tege 16,6 1t Bnd: Sy e Bt BB 100 rckiyists in
' ﬁalﬁh@bﬁ aflicdR- &ﬂﬁms&%to@@@ﬁ)féutﬁtrfa% %5 Sdlﬁ.tralt@@l mielugist a top
of el @vation neans 4 of el évation device 2

hdayerdr ang ashottom |aM€fJL@@|'qufmledﬁeréltC@§ bq&&sit rapterigl.
t akes the apgrom mate form of a curved, rectangul ar

pl at e. Rrefesably, imdhisnstegedel subsieaie f iy selpdied yghithat the

ot B SUCEIAE P TR S, b e

15 migdispring 2riecessarily be rect angul ar, but, for
exanpl e, trapezoidal.

Preferably, top layer 5 is used as spacing means relative to bottom
layer 7. Consequently, the height of top layer 5 will be adapted in
accordance with the configuration of the hairspring with a raised terminal
coil 21, 21"

20 In a second step 101, seen in Figure 2, a cavity 8 is selectively
etched, for example by a DRIE (deep reactive ionic etch) process, in top
layer 5 of silicon-based material. Cavity 8 preferably forms a pattern 6 that
defines the inner and outer contours of a silicon part belonging to elevation
device 2 of hairspring 21, 21'.

25 In a first variant illustrated in Figures 10 and 11, pattern 6 forms the
median part of elevation means 4 of elevation device 2 of hairspring 21. As
Figure 2 illustrates, pattern 6 takes the approximate form of a curved,
rectangular plate. However, advantageously according to method 1, the
etch on the top layer 5 leaves complete freedom as regards the geometry of
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In a second variant, illustrated in Figure 12, pattern
6 forns the internediate part of elevation neans 4'

of elevation device 2' of hairspring 5 21'. As
illustrated in Figure 2, pattern 6 takes t he

approxi mate formof a curved Tt angul ar pl ate.
However, advant ageously accordl ng to nethod 1, the
etch on top layer 5 | eaves conplete freedom as regards
the geonetry of pattern 6. Thus, in particular, it

m e FNARY 0

o éﬁ%ﬂg,@'cou df@\ﬁd}ﬁtanéégnnép %%QH ecitgHé, Iai Butbfor example,
f drapiezeidal.r st vari ant of Fi gures 10 and 11, anot her
cavity 10 may be etched during step 101 so as to form

a patt énra Sedoati vartarfty diustrated én rFlQureWh[Zp ipattefn rieforms the
the i nngr and er contours of % con

r SAEEDE @é‘FPaBte‘Pft PIgVALPN Breansot Sloyarign H§Y|F§&i°f§d1a"sp"ng

2121 'Rsﬁff@st@té@ﬁh EFIQMGUQt ?Q&Sﬁ'u bNtake8 Uhe Sapitorifithtd ¥orm of a
pattern 9 thus formd he nmedi an part of collet 27

ofcunegd, spetangulat matehHaweaes agvaptagesys!yanopedingdo method 1,
| lt*\é’%‘t bR ﬁ%d fba)(:% gq%&v@s c&ﬂ@fel?é FeBdbih 49 %ﬁﬂmeebé(ometry of

er S Secti on
acbmmﬁe@'has,ymapardeangt mighteohodcdssarihebe redttangular,dpit, for

| ayer Iea conp et freedom as regards the
%‘ﬁgﬂﬁ? ‘EZH%P&OW eiRd i n partlgcul ar, |t rright
t ly_ b I but
excarp! ETebly, feiahelisl SANARL el Eidibes APl 47 ARler cavity

d'@“ﬁ? l?e RS BPHM s@éﬁ Hog s‘H 88 téGdrmad pbﬁéﬁf 90d‘ih§t|nct from

bridge of materia made in order to hol
hmattemumgwnmh defings ttheamnarm putafi eRMOUL @é gsilicon part

?5@%@“?930%@“5&5%“@%??*203#3*%8*'%éﬁx?ﬁi “a bridge

of mat 16 | e, h

o, 7oL 588} e38rpls EbbaR UEERHBEEGlarbh e Sings foms
| aremédiah lbaat dfhdaliet SVQﬂ hhﬁ}éprlﬁ@Q\MwnmaI?aged&e&mnahcurve As
addi tional | ayer 11 si | i con-based

ST SRR 2 PEtErRi IS APPrONTREY SHinderiapec ith a
'SC| ﬁﬁ#r%%'ggﬁ H@ vy, eédv'éni%iﬂ)z amgﬁogéinb'tﬁorﬁefhb‘a Pthe etch

bondi ng step geous y covers
t am topylayess bga\kﬂswmmgleltmﬁeedpnf ag eegaspls thre geometry of pattern
9. Thus, in particular, it might not necessarily be circular but, may be, for

example, elliptical and/or have a non-circular inner diameter.

Preferably, during step 101, at least one bridge of material 16 is
made in order to hold the hairspring 21, 21" with a raised terminal curve on
substrate 3 during manufacture. In the example illustrated in Figure 2, it can
be seen that a bridge of material 16 is left between one of the main
surfaces of pattern 6 and the rest of the non-etched layer 5.

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 faces of



pattern 6 and possible 9, with a very high |evel of
adherence, to the bottom face of additional |ayer 11.
In a fourth step 103, shown in Figure 4, cavities 18
and 20 are selectively etched,_for exanple, by a DRI E
process sinmilar to that of steg "5 101, in additional
silicon layer 11. These cavities 18 and 20 formthree
patterns 17, 19 and 24, which define the inner and
outer contours of the silicon parts of hairspring 21,

i 8 e BRSSPI T 8 Eidh 8, 8P ERNEIRE Bo g bottom
CYhcendf hdditiomaltlayer £1.r cul ar section, and pattern 19
is approximately spiral- 10 shaped. However,

advant agepyslisth astepr 103 gshewivehhPigute 4, hcaxﬂteshmnand 20 are
addi tional | ayer 11 all ows, conpl e &:S freedom ﬂ
t 5elegdival eighed. forexasmple. by & proggss simfiar o that St step

5 pa|r0t1| QHléddltlcPr?éltﬁﬁcfbnl?ay@?y‘P f?ﬁe@é@%itlés f@\dhd DB three

I'$ 'or an 1 nner coll “inc :}g Grossnmann curve
t mtteurmmﬂé’vég and 24cdvimelrntdeﬂae eelnapfrﬁnd Ouatgr contours of the

e:?@%??)ﬁ'g?ag* e@ﬁﬁgﬁhsw ?gf‘gﬂlh%lé'% era I"’QL":'for t he

first ant of Fi Qures 0.apd 11, .p 7
in add| bﬁa?xqrﬁglgr ﬁtr?@%o'ln lgr"r'ir?zﬁ @é\t&eﬁ 171 |%£%‘Eﬁoxmately
pldynﬁdr\mdl Hwilital Eif¢ulgr BBEtfoN,idnd patteAY €0, T aﬁbrcmmawlrgs spiral-
that cavities 18 and 10, respectlvel for

10 haped; diawevreroradyaniagepyshagerd ing nhog‘at1 1Pt fich on

f r f

o aflla P81 £ Aicels BRRpRIL 2‘?‘*34%%%?5%%&29“’1‘8 giietry of
1patteans 47rand 1andhus, mmcuiav,emqttermﬂ meay, L@rpexaranl@ have

medi an r of
Ad0a S8BT Ay 8P saf ingiieRh A SrbSHREA Sedye hat improves its
t kneantic dé\@opméﬂu dsasxplained én EPcPatgmtiNo.i1N612 627, which is
addi ti onal | ayer In the first variant 25

15§ lipeRipPEated heﬁe'lﬂltlj’dreé%reﬁ.‘@eand 11, patterns 17 and 19

formrespectively the | ower ortl on of crdﬂei' 3
t he balf¥rterably fqrgtheélr%ifvaﬁani SpFiawe210q p%ﬁf@ d made
t§ f g [ IthSWftﬁt ek 9 made

i ctiosa der fis! QEIEREP Sabig o 3, e doont
cdhltep l&y@r Snkhié |nnaan§oﬁuaanamtlepr1u8ngn¢50 fﬁspectlvely forming the
inner diameter of patterns 17 and 9, communicate with each other and are
20 approximately one on top of the other. In the example illustrated in Figures
10 and 11, patterns 9 and 17 respectively form the upper and median parts

of collet 27 of hairspring 21.

Advantageously, as pattems 17 and 19 are etched at the same

time, they form é one-piece part in additional layer 11. In the first variant

25 illustrated in Figures 10 and 11, patterns 17 and 19 form respectively the

lower portion of collet 27 and the balance spring 25 of hairspring 21 with a

raised terminal curve. In the second variant illustrated in Figure 12, pattern

17 and 19 respectively form first collet 27° and first balance-spring 25" of
hairspring 21’ with a raised terminal wave.
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hairspring 21' wth a raised term nal wave. -8-
Preferably, pattern 24 nmade in additional |ayer 11 is
of simlar shape to and approximately plunmb wth
pattern 6 made in top layer 5. In the first wvariant
illustrated in Figures 10 and 14 patterns 6 and 24
respectively form the upper and internedi ate parts of
el evati ons neans 4 of elevation device 5 2 of

hai rspring 21. In the second variant illustrated in

Fi gure F;réfergﬁlél: ﬁegér 6o 20k 4|n %&&iﬁgﬁél HEeY1{ ?HH? %H‘ﬁla{ shape

upper an rat'e par evat| N nean
elte\axtd apprbaimate?plunib mdihr pamemgﬁ ade tn‘tczpolayeeﬁ In the first

imlarl { pat.t t
boRunL stieiert B i Bhandi Ly EReBingR AT 24 ety form
1QRe uﬁfpb?hnﬁhhferﬁ\@diété p‘éfrl%poflélévatidnsl meﬁhgatr oft &lavation device
patterns 17, and 24 etched in additional |ayer 11

ar?eoﬁ:%ﬁifﬁ&fmo?by the bottom of pattern 24, with a

hi gh | evel of adherence, above (gattern 6, which is
et ched Inntmopewybwangnt ibistrateg r"ab'TIQUT&aé%rRﬂmm% 6 and 24

d ,
OBl R R e P oGl b Gt reans 4 o
pe&le\&rtrmnlﬂewbeeZ' bdhéeairbprimgn @’ s@fiomgxr% smﬁrar!gf the pattern of

o IRE oo heterial i, oS8 e exBared dnb oot dayd P dicing step

t hgygmo-elastic coefficient. This oxidising step is
explained in EP Patent No. 1 422 436, 20 which is

| ncor potrdreghid §H6HM dp fﬁ)‘?fu?@%{ea‘hdwtmﬁs‘;lw 19 and 24
according to the invention, after fourth ste ,
pras€hedhiin ;addatfqn@d layert Hi ar@p:omactaelebhdaelbcr&mq{onmn 24,
t a

s YRR BofrerfeChbofe o B0 SHER 1S By 1 o aver

argl C ends in the sane final step 106, whi ch conS| sts
in 25 rel easing the manufactured hairspring 21, 21'
wi th a Praferablyl edgrishavnc in \dottetir imess b skigatee 93. method 1 can

include a fifth step 104 that consists in oxidising at least pattern 19, i.e. the
balance spring 25, 25’ of hairspring 21, 21' so as to make said first balance
spring more mechanically resistant and to adjust its thermo-elastic
coefficient. This oxidising step is explained in EP Patent No. 1 422 436,
which is incorporated herein by reference.

Advantageously, according to the invention, after fourth step 103, or
preferably, after fifth step 104, method 1 may include three embodiments A,
B and C, as illustrated in Figure 9. However, each of the three
embodiments A, B and C ends in the same final step 106, which consists in
releasing the manufactured hairspring 21, 21’ with a raised terminal curve
from substrate 3.

Advantageously, release step 106 can be achieved simply by
applying sufficient forces to hairspring 21, 21’ to break bridge of material 16.
This forces may, for example, be generated manually by an operator or by
machining.
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Advant ageously, release step 106 can be achieved
sinply by applying sufficient forces to hairspring
21, 21' to break bridge of material 16. This forces
may, for exanple, be generated panually by an operator
or by 30 machining. -9- Acmmﬁﬁhg to a first

enbodi nent A, in a sixth step 105, cavities 12 and 14
are selectively etched, for exanple by a simlar DRI E
process to that of steps 101 and 103, in bottom | ayer

7 of sigld = gt eri al: ege; Lt
{ or m ; ASSERIIng 18,3 £ SmbBUmd 8 Sin Bt SBp. (0% Kavides 12
i ramelr 146 aenseleatisly etohtedy for extansplé ibycan sipsitar ORIE process to that

hai_r spri 21 ' wth a raise er,mnal_curve. 1

¢ R ba 1y 2dnd 103, h iBoh By ef ilibonebasid, e, These
| TafRiesord amd &4 Yorr thicedeitteihengd184adnd 22, avtiichidafine the inner
section and pattern 15 is approxi matel.

2 Yy Vo ,
s AndaPuttiageatourhraf osilicon martseph NBIrsPAREs21 n@1f oYith & raised
at&HﬁiﬁSPcﬁr@Et angul ar 10 pl ate. However, advantageously
according to method 1, the etch in bottom |ayer 7

I I h . .

pZ? Y:f r%'g qqg ,fﬁéti‘éf[g‘ﬁug‘i\%‘_tr%ﬁ%c{gﬁﬁ[ e 2&13{ ﬁagﬁﬂgﬁ?r% aa?)ftpé?)ﬂmately
1Zylimger-$hapesk avithl e, cinaular section card pattBrrefidr iblappréximately
IR e VS R
S st Movidvey, @&Ma%ddsu{ Bttt mditbd 1, trgletdhnin bottom

top layer 5 and additional |layer 11. This neans , that
cdayar edeaves gomalate freadesh@stregards ther aeagetieof patigrns 13,
di r$50 at t : 7 0 ' i
colthan 22 ThuP b Bafibulel; pRraRt 15 mapHER BidAple, B more
otdols. In the first variant illustrated in Figures 10

and 11, 20 patterns 17, 9 and 13 respectively formthe

hi gh, rRefeablgndot the Fast vaddnt oblFigure871®@fartdaitd s pattegn 13,

2t i BBt ihEh 7 ol S s Btar s AR Ga o it

t HARFNSOPERK H FBhEHY i topTTayér BhaR@ad@nidnal layer 11. This means
that cavities 12, 10 and 18 respectively forming the inner diameters of
patterns 13, 9 and 17, communicate with each other and are approximately
one on top of the other. In the first variant illustrated in Figures 10 and 11,
patterns 17, 9 and 13 respectively form the high, median and low parts of
collet 27 of hairspring 21.

Preferably for the second variant of Figure 12, pattern 13 made in
bottom layer 7 is of similar shape to and approximately plumb with pattern
17 made in top layer 5. This means that cavities 12 and 18 respectively
forming the inner diameter of patterns 13 and 17 are approximately one on
top of the other, without being contiguous. In the second variant illustrated
in Figure 12, patterns 17 and 13 respectively form the first collet 27’ and the
second collet 27" of the double series hairspring 21°.

Preferably, pattern 22 made in bottom layer 7 is of similar shape to
and approximately plumb with pattern 6 made in top layer 5. In the first
variant illustrated in Figures 10 and 11, patterns 22, 6 and 24 respectively



17 made in top layer 5. This neans that cavities 12
and 18 respectively 25 form ng the inner dianeter of
patterns 13 and 17 are approxi mately one on top of
the other, w thout being contiguous. In the second
variant illustrated in Figure'92 patterns 17 and 13
respectively formthe first collet 27" and the second
collet 27" of the double series hairspring 21'.
Preferably, pattern 22 made in bottomlayer 7 is of
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Figure 12, patterns 6 and respectlve y f

5 t matte@mof hﬁvdgeraidnate@abﬁa qﬁngtpﬁ satetnge dptashetiem lay\er 7 during
516' of elevation device 2' of hairspring 21'. O
course, the 5 pattern of bridge of material 16 can be
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Mor eover Irs
10&,nd nhadpatd esatnsfg‘:Stmes omigdat ofsa | Bhillipshenainsptingi al hus,

pcafiartagessRi ForRHES G2, A 15 ol ERLAeat (RS Adyne, they

10 1QhéFé?6n@° %ﬁnfé’rdiﬁe"lpfé&@ Fbﬂcﬁh Fb@ttbm Na tVOI‘th‘-h\eelﬁrsl variant
In the first varian ustrated in Figures 10 a

11llugieatedimdigaresntd agdr bhprattarns 32 apd M r%qucswlﬁafpfm the
i FHEh! SR s TR o GPolation v

przbéehaldpririg21.t he second variant of Figure 12
pattern 15 is 15 nade in a simlar manner to pattern

19 nadeFigaly, rm‘efb‘ralplyﬁﬁBthé' lsueond adviant aDEigusé V1.2, amttern 15 is
attgrns 13, I2 and 15 are cheﬂ at the, sane ttima 3 Th
15¢ H@9 €hiBr 8f similar gnaNaenL AR Rﬁ Arapf Buing teRy 3. Thus,

adﬁnﬁi@%n‘i&@% pafeRRl 13, 22 id &6 &ffel stched 4t @hd Bame time,

patterns 2 {5 and 13 respectlvely formthe low part
ofthey élwefqmg’ormamnerp@@oparh@ Beltandayail ane éhe §¢W{@F variant

Z%Iluﬁfatgb ﬁ}{aﬁ:bﬁ,% 12, patterns 22, 15 and 13 respectively form the low
part of elevations means 4' and the second balance spring 23" of elevation
20 device 2', and the second collet 27" of double balance spring 21’ in series.
Advantageously, according to method 1, the etch in bottom layer 7 allows
complete freedom as regards the geometry of pattern 15. Thus, pattern 15
may, for example, have more coils or an inner coil that includes a
Grossmann curve for improving its concentric development, as explained in

25 EP Patent No 1 612 627, which is incorporated herein by reference.

After final step 106, explained above, first embodiment A thus
produces a one-piece hairspring 21 or 21’ with a raised terminal curve,
formed entirely of silicon-based materials, as shown in Figures 10 and 11 or
12. It is thus clear that there are no longer any problems as regards forming

30 the parts, since they are directly formed on fixed elements during
manufacture of hairspring 21 or 21°.



20 device 2', and the second collet 27" of double

bal ance spring 21' in series. Advantageously,

according to method 1, the etch in bottomlayer 7

all ows conplete freedomas regards the geonetry of
pattern 15. Thus, pattern 15 “may, for exanple, have

nore coils or an inner coil that includes a G ossmann
curve for inproving its concentric devel opnent, as
explained in 25 EP Patent No 1 612 627, which is
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probl enms as regards formng 30 the parts, sinc
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to a collet_27, whose out&r C has an

ddbateobet 24 s alsa sfRhedsinntree / @ﬁrﬁnbhlér? ,pwléleg. Phoroves the
ﬁégynkgﬁﬂ h{?ﬂgsﬁné @Mef\ﬁbr%&veﬁmnér%il% @F!Saléﬁc@'sgﬁﬁg i2BMas a

ermnal curve : shown in Figures
10 103m$arrm1m auree kmimproverily @noantrie develeprseat. t er ni nal
curve that is obtained therefore has a Breguet(r)
conf i gufuathieon theAdtechesapedashed do csieps @3 endht05 of method 1

o Pl JE By e oMbt Bl sBoA B3, batance

gWptings 26, lEéviphi Ateahk 4Mandogellet RRNEThuoin Rartigllar, the
bal ance SB“ ng 25 has a 10 Grossnmann curve to

i tGONEBHIES taM%erulaalans@ﬁEHﬂg 2py elavation mgans: 4 ABS tefminal curve
p 105 of nmethod 1 |eave
15 c?ngpﬁ‘ra?q%f r ee om as]q};b e geonetry of term nal curve
23, bal vat.|
57 Thd@%%?grogaﬁctelr\g@in ﬁ'r'f_b s?nln‘é r@EESHnﬁe@@%t‘g??ém%eﬁ%é Bhiformly
balexultier DprdiffigredB, dlmmaInsoaner@edmatmst at tgashlover one of
Cubo\{'t%m meglan arYd/o op parq 1f3?5eanntd Q?PIma'éeX, depending upon the
arbour on which collet 27 will be mounted, the inner diameter can have a
20 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.

It should also be noted that the very high level of structural precision
of deep reactive ionic etching decreases the start radius of balance spring
25 25, i.e. the outer diameter of collet 27, which means that the inner and outer
diameters of collet 27 can be miniaturised. it is thus clear that hairspring 21
is able to receive, through cavities 18, 10 and 12, advantageously an arbour
of smaller diameter than that which is currently usually manufactured.

Preferably, said arbour can be secured to the internal diameter 18
30 and/or 10 and/or 12 of one of collets 27. The lighting of collet can for
example be made by resilient means etched in collet 27 made in a silicon
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In accordance with the sanme reasoning, collet 27 can
have uniformy peculiar or different dinensions

and/ or geonetries at |east over one of bottom nedian
and/or top parts 13, 9 and 17. | ndeed, dependi ng upon
the arbour on which collet 27811 be nounted, the

i nner di aneter can have a 20 conpl enentary shape over
all or part of the height of collet 27. Likew se, the
inner and/or outer dianeters are not necessarily
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ofhwmgegd|%h| dbetehyn Fhiginass m@a tao doeblss seripgt digirspring

or those disclosed in Figures 1, 3 and
WOP}'EEP% ent No. 1 584.994, said 5 Patents being
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vari ant ures ai rspring
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could have a Grossmann curve to improve the concentric development of

each coil.

In accordance with the same reasoning, collets 27" and 27" can also
have peculiar or different dimensions and/or geometries. Indeed, depending
on which collet 27, 27" the arbour will be mounted with, the inner diameter
of said collet can then have a complementary shape. Likewise, the inner
and/or outer diameters of each collet 27°, 27" are not necessarily circular
but may be, for example, elliptical and/or polygonal.

It should also be noted that the very high level of structural precision
of deep reactive ionic etching decreases the start radius of each of balance
springs 25' and 23, i.e. the outer diameter of collets 27° and 27", which
means that the inner and outer diameters of collets 27’ and 27" can be
miniaturised. It is thus clear that hairspring 21° is capable of receiving,



configuration. Further, the etches perforned in steps
103 and 105 of nethod 1 |eave conplete freedomas to
the geonetry of bal ance springs 25 and 23", 15

el evation nmeans 4' and collets 27' and 27". Thus, in
particular, the continuity bet&en bal ance springs
25', 23' and elevation neans 4' may have a different
geonetry. It is also possible to envisage, as in the
preceding variant, that the inner coils of each of
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ediedn traitiwhith issoerrsrtynesuially arilfectseed: reasoni ng,
collets 27' and 27" can also have peculiar or
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ndightereek saingl resdient uheans kmﬂ:heﬂayn tﬁdlcoﬂocolbta’&?pl @, 27". Such
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oG8 Sk @ndop ebHItRASHL N 15 5355 99 -FaigoPaats being
10tﬁﬁéorbgpegé@ﬁ@fe,ﬁm refdr8hcali anmeters of collets 27° and

mniaturised. It is thus clear that
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cavities ant ageousl|y an ar bour of snal
di‘aimetugies a bixth stept1G/hisbwnsindtiguren®, gonsiaiiag! i lmplementlng a

nuf.act ur e e
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ei t her e sp ar, or on
15 TIrEelel BouPecheoE BB ol maRTalg 3 0 A PaCURE Shape, using a
nﬁb?&strdbtﬁehl FS¥h. CRf,'tﬁrs EbA%roaéss ls'Swéu kﬁ&ﬁh' itewlll not be
for exanple, take the form of those
dldaslcubedi im immore detalil here. Preferably, the metal deposned 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

20 depositing a cylinder 29. In the example illustrated in Figure 6, the cylinder

29 is for receiving an arbour, which is advantageously driven therein.

Indeed, one drawback of silicon is that it has very few elastic and plastic

zones, making it very brittle. The invention thus proposes to tighten an

arbour, for example a balance staff, not against the silicon of collet 27, 27’

25 or 277, but on the inner diameter 28 of metal cylinder 29, which is
electroplated during step 107.

Advantageously, according to method 1, the cylinder 29 obtained by
electroplating allows complete freedom as regards its geometry. Thus, in
particular, the inner diameter 28 is not necessarily circular, but for example

30 polygonal, which could improve the transmission of stress in rotation with an
arbour of matching shape.



Figures 10A to 10E 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 10 incorporated herein by
reference. According to a second enbodi nent B, after
step 103 or 104, nmethod 1 incllides a sixth step 107,
shown in Figure 6, consisting in inplenenting a LIGA
process (fromthe German "rontgenLlthographie,
Galvanofornung & Abfornung ). This process includes a

series C, | "
oo 5 s i sl SECHEALT 8D 3R 1) R coies
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metals. In the exanple illustrated in Figure 6, step

5 10workgyiagbsi st in 20 depositing a cylinder 29. In

the exanple illustrated in Figure 6, the cylinder 29
i s for Aftardinal aigpatOBirexplainedvabove, the secand agekadiment B thus
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nedlicon-bdsedematrials twith thEreamevadvardagedas gmbpdiseentt A, with
g aiftn, of et rart 281 Tlab thS ciprBE uir8 7o nopGnger any
10 Orbrbbl%n*n BRElegArdd R Rling Hafs, R tHéX' aredRIirm e, d‘v‘é‘dt@"bn fixed

Is electroplated during step 107 dvant a eous
acdementsy dwinget m&muiactwae v Ithaddeirspriast 2in<d t%‘ﬁ Finally,

o B Rl 1 BeRs SRPAF et SRR e ek gy 20 o
| metal ﬂaﬂCEQ.S@nlel goudd rthetedore p[afelfaoiy ervspge cavities 12 and/or
h d t. f
S Sandnt - I8 aeperrelind Hoansavatan dranaron seguaRepel farger
15 - Jcﬂmehgloﬁs&ﬁﬁﬁ Mhdt StieRel@B8meibn2d of nieﬁalsﬂi@rp 28050 aBawprevent
in Figure 5, cavities are sel ectlveli/7 etched for
a

exhemsreowbeinim pusifihgentachwil coieh 37aydr o7 247-
silicon-based nmaterial. These cavities allow pattern
to be fAroesdingitaia third @mbodlment 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

20 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
cavity 30 obtained can take the form of a disc. However, advantageously
according to method 1, the etch of bottom layer 7 allows complete freedom
as regards the geometry of cavity 30.

25 In a seventh step 110, as illustrated in Figure 7, method 1 includes
implementation of a galvanic growth or LIGA process for filling cavity 30 in
accordance with a particular metal shape. Preferably, the deposited metal
may be, for example, gold or nickel or an alloy of these metals.

In the example illustrated in Figure 8, step 110 may consist in
30 depositing a cylinder 31 in cavity 30. Cylinder 31 is for receiving an arbour,
which is advantageously driven therein. Indeed, as explained above, one



patterns 13, 15 and 22 of the first enbodi nent A

according to one of the 5 two variants. After final

step 106, explained above, the second enbodi nent B

thus produces a one-piece, hairspring with a rai sed

ternminal curve, fornmed of sifi'éon-based nmaterials

Wi th the sane advantages as enbodi nent A, with the

addition of a netal part 29. It is thus clear that

there is no I onger any 10 problem as regards form ng
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c paolygonal), wiioh cexnipprovéyhatrbRbmissicrcebstiressanaotation with an

limted depth.in bottom 20 | ayer 7 of silicon-based
meth ?yra(pffjm%&,qu/s@pq.orns a recess to be used as a

container for a netal part in the ex I e
1071 ust Fretiably. mgtiog . indles 2; ephEs F8e al hqcpasisting in
t r i u t k
58k 1811 o 5P oAty rTon ver o make
aldaidhdepositivreflgt.f reedom as regards the geometry of

cavity 30. 25 In a seventh step 110, as illustrated in
Fi gur e Ifi @ mstrhstep 1 1i2n sinoiterdo stem 8showniinfrigured, cavities are

gal yani c. gr r LI GA prqce fLllin i
OV EARIE, i A0l R5C3 RRE bl o S 1 7 o
15 Prefifcondbdsad hizterit pThese davities! formepatizens fsimilandanpatéerns 13,
gol d or nickel or an alloy &athe(iie tals.., In _the .
exnpnd 22|af tae figst emnbodimeh Aagsor f‘egg?ﬂs 9fdhe bypypaants.
in 30 depositing a cylinder 31 in cavity 30. th ndgr
31 i s fAfterfineéstamiO exalaiss abovgithipd pgibodiment C produces a
Z%ﬁi@gﬁgﬁiﬁépﬂﬁbvﬁ?mhaeb?'Qﬁcdn‘jggseéﬁ rAatciR Hifedhe same
adva’ntages as embodiment A, with the addition of a metal part 31. It is thus
20 clear that there are no longer any manufacturing problems, since the parts
are directly formed on fixed elements during manufacture of hairspring 21
or 21'. Finally, advantageously, an arbour can be driven against inner
diameter 32 of the metal part. One could therefore preferably envisage
cavities 12 and/or 10 and/or 18 according to the variant having sections of
25 larger dimensions than that of the inner diameter 32 of metal part 31, to

prevent the arbour being in push fit contact with collet 27, 27°, 27".

According to the three embodiments A, B and C, it should be
understood that the final hairspring 21 or 21" is thus assembled prior to
being structured, i.e. prior to being etched and/or altered by electroplating.

30 This advantageously minimises the dispersions generated by current
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-15- advantageous feature of the invention consists in
tightening the arbour, for exanple the bal ance staff,
not agai nst the silicon-based material of collet 27,
27" or 27" but on the inner dianmeter 32 of netal
cylinder 31, which is electropPated during step 110.
5 Advant ageously according to nethod 1, cylinder 31
obtai ned by electroplating allows conplete freedom as
regards its geonmetry. Thus, in particular, the inner
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variants. Ia After final step 106 expl ai ned above, third
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our can’b ven agai nst I nher Iameter
nqdcﬂlbhmgrstep@i g¢he dmiellot stepef 0 mayralée betperfarmeadsbefween step

|e3 é‘\ﬂﬁgj/or 10 and/or 18 according to the

'sections of 25 |arger dinensions than
that of he i nner dianete rt. 31. to
5pr eventA‘{“Ff’é‘ tagaguisly 'EFW&WQ’]??)JI%?I |@an%@8ntmgu?h%ye[rhembodlment

Cod | gtoRE |szﬁsed231ethod\0|09ﬂ§‘\h/§§bté[9 0% WHIER &consists in etching

enbodi nents A, B and C, it should be
balance sprlng 25, 25’ and collet 27, 27’ in additional layer 11 to be
reversed with step 105, 108 or 112, which consists in etching terminal curve
23 or balance spring 23' and collet 27” in bottom layer 7. This means that
terminal curve 23 or balance spring 23' and collet 27" can be etched first on
additional layer 11, then balance spring 25, 25’ and collet 27, 27’ can be
etched in bottom layer 7. In such case, terminal curve 23 could be oxidised,

in step 104, for example, before balance spring 25 is oxidised.

A conductive layer could also be deposited over at least a part of
hairspring 21 or 21’ so as 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.

The height of collet 27 may be more limited than in Figures 10 and
11 of the first variant illustrated, i.e. for example, it may be limited to layers



understood that the final hairspring 21 or 21' is thus
assenbled prior to being structured, i.e. prior to

bei ng etched and/or altered by electroplating. 30
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according to the invention, it is also clear that it

'y aR@Sﬁ'.bh?e feﬁvaﬁSP{ %?%%%’ E@RH'%Q& tglgl% 9f diffbret foPmérom a
ral sSed termnal” curve To be made on the sane

s wstedatestahguldni mlateal | ows bat ch production. Moreover,

it is possible to make a driving insert of the sane

t yIC)el affinaﬂm ag :jqé%peséeltdo;ndsbrﬂﬁglea@fdmgﬁr&l caUBdOlloe @rovi%ed, SO as
sol e rom addi tjonal |ayer .and/or to ayer 5.

vie sl hapring et de subs @tes@eéuam,m%@‘asﬁ"ﬁ,ﬁ/"?"% could be
Sf)p%?f_o%ebh?et%@ﬁ théCodtéPRuA® 5f BattdMH Bhinehthetrst of the non-
consist in oxidising pattern 15, i.e. termnal curve
2®tehedlayantd spring 23' of hairspring 21 or 21' so as '
to make it nore nechanically resistant and to adj ust

its therno-elastic coefficient. A polishing step of

the type of step 111 may al so be perfornmed between

step 107 and step 108. 15 Advantageously according to

t he i nvention, whichever enbodinent A Bor Cis

used, nmethod 1 allows step 103, which consists in

etching balance spring 25, 25 and collet 27, 27" in
additional layer 11 to be reversed with step 105, 108

or 112, which consists in etching term nal curve 23

or bal ance spring 23" and collet 27" in bottom| ayer

7. This nmeans that 20 term nal curve 23 or bal ance

spring 23" and collet 27" can be etched first on

addi tional layer 11, then bal ance spring 25, 25" and
collet 27, 27' can be etched in bottomlayer 7. In

such case, termnal curve 23 could be oxidised, in

step 104, for exanple, before balance spring 25 is
oxi di sed. A conductive |ayer could al so be deposited

over at |east a part of
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15

20

25

25 hairspring 21 or 21' so as to prevent isochronism
problens. This |ayer may be of the type disclosed in
EP Patent No. 1 837 722, which is incorporated herein
by reference. The hei ght of colget 27 may be nore
limted than in Figures 10 and 11 of the first
variant illustrated, i.e. for exanple, it may be
limted to layers -17- 5 and 11. The el evation neans 4
could also take a different formfroma curved

rectangul ar plate. Finally, at |east a second bridge
o@ﬁlﬁﬁi al could be provided, so as to hold

hai rspring 21 to substrate 3 during manufacture, which
could be 5 perforned between the outer curve of

pattern 19 and the rest of the non- etched |ayer 11.

- 18- CLAL MBrie-piece- paiesgriftri(2$pra g Whith 2emprisesi ahbalance

oD 428 25 et (BB0nH F 3 B2 7P ZE) Sl in g, same

ofjaydr! df GtoPASRIE N ifateriz Gha-‘rhéllfe@iﬁééﬁm aedt it ihcludls an elevation
i ncl udes an el evation device 2') for the outer

c Slevicsr (2 2 hf%atharméeéselt R saﬁ’oaal@nggﬁcprtnsy apoye sgid layer of
S's'ilfctr’;ﬂrba%ﬁerﬂ id gbaial ; ggﬁob@ thg%ﬁla@nﬁti‘i‘je%méﬁt'&f said

devel opnent I rspri

abainsgiimgs to claim 1, characterized in that the

el evation device (2, 2') includes el evation neans (4,

4') conectHaigptihg aocmelmgcdbl claimt Ne ¢hdractegzegr imdhat the

d_| w10 of ..
S elRn dedte i & ipciudes SVTRR RigaSL & o h gofigecting the
CloRitéR coil Sheasdighte SPrimd (25125'}, Wehicle lafy Alddenindg ¥eeend layer
(2) includes a termnal curve (23) connected to said

eloéplicppbasedmBaienpl.and formed in a third |ayer of
silicon based material. 4. Hairspri ng according t
cl ai m 33. crgitspriogi 2eeprding Hat claine 2, characterized in that the

elevation device (2) includes a terminal curve (23) connected to said
elevation means (4) and formed in a third layer of silicon based material.

4. Hairspring according to claim 3, characterized in that the
terminal curve (23) is a Phillips curve.

5. Hairspring according to any of the preceding claims,
characterized in that the collet (27) includes one extended part (9, 13) that
projects from said balance spring so as to improve the guiding of said
hairspring.

6. Hairspring according to claim 2, characterized in that the
elevation device (2') includes a second balance spring (23') coaxially
mounted on a second collet (27”) connected to said elevation means {4')
and formed in a third layer of silicon based material for forming a double
series hairspring.

7. Hairspring according to any of the preceding claims,
characterized in that it includes at least one silicon dioxide part to make said



15 termnal curve (23) is a Phillips curve. 5.

Hai rspring according to any of the precedi ng clains,
characterized in that the collet (27) includes one
extended part (9, 13) that progjects from said bal ance
spring so as to inprove the guﬂ i'ng of said

hai rspring. 20 6. Hairspring according to claim?2
characterized in that the elevation device (2')

i ncl udes a second bal ance spring (23') coaxially

gﬁ‘%ﬂ%?ﬁ @%Gré ‘?ﬁ%@%rﬁ@élhgf'?élglg nt a‘ﬁﬁn &? ﬁ}oﬁ@s& ﬁ‘wes %Q’n}o-elastlc

rned ayer
sicoeffizieritdbertofmt eri al for form ng a doubl e series
hai rspring. 25 7. Hairspring according to any of the

prelcedi 139 Haiﬁsﬁang Oahmbd adzhgritbedamyn bhatthé t prgoéml’ggs claims,
at east .on I CONn I OXI e a 0] no al - -

NG PERPTHPUT DhateRngRPL AN P AE 2t ot 2 DS AYeetal part
5 8o L HEyBPrédeNihg an é‘resﬁnh@t%rﬁé?ﬂh@eém 8. Hairspring

accordi'ng to any” of the preceding clains,

charact gyi [ h a coll
27") ha;‘ar oz—gaqrs Hn@ aéC&?dIES Stg éﬁs ?If GPFr“?ecel 3?%n%n claims,
archaractetizad insthet at/kmst hee @aiano@ spHnigr (@5 2hg 230doner ¢rjl (26)

i Sl agh 555 2958 FarovB RE kB ERgh Plton o

( 29)d hhigsprin éﬁrossmann curve so as to inprove the
concentric devel opnent of said hairspring. 10 10.

10 Ti mepi e Q’ﬂrﬂéél“efcéfldh%dacttérliéwt in tthiabclitudedudes a one-piece
one-pi ece _hairsp accordjng o any of

t H\?'@PEB@&#%@H m%gmmto avfytqfé'ae pigcesingaliMEct uri ng

a one-pi ece hai raorl ng including the follow ng steps:
a) provildi Metheda)l) efsmpsufastwinmp PRRPiRAS HakSRE}Y ncluding

Ing%{(g??lgﬁ)sm&gpep% bottom | ayer (11) of silicon-based

a) providing (100) a substrate (3) including a top layer (5) and a
bottom layer (11) of silicon-based materials,

b) selectively etching (101) at least one cavity (8, 10) in the top layer
(5) to define elevation means (4) made of silicon-based material,
of said hairspring,

¢) joining (102) an additional layer (7) of silicon-based material to
the etched top layer (5) of the substrate (3),

d) selectively etching (103) at least one cavity (18, 20) in the
additional layer (7) to continue the pattern of the elevation means
(4) and to define the patterns of a balance spring (25) and a collet
(27), made of silicon-based material, of said hairspring;

characterized in that it further includes the following steps:

e) selectively etching (105, 108, 112) at least one cavity (12, 14) in
the bottom layer (11) to continue the pattern of the elevation
means (4) and to define the pattern of a terminal curve (23),
made of silicon-based material, and



b) selectively etching (101) at |east one cavity (8,
10) in the top layer (5) to define el evation neans
(4) made of silicon-based nmaterial, of said

hai rspring, c) joining (102) an _additional |ayer (7)
of silicon-based material to -€Re etched top Iayer (5)
of the substrate (3), d) selectively etching (103) at
| east one cavity (18, 20) in the additional |ayer (7)
to continue the pattern of the el evation nmeans (4)

o O e L e BEABRAS P Bl
w2 AR LB 4 el 50 g o o

( %A8 baldite drihg (@3) la@dsdolien 2 Ddnistep (L3, reizébseldmwthn ttmt of the
bottom | ayer ntlnue the pattern of the

11) to
eltﬁvﬁﬂabﬁ“r"ﬁég%"’(ﬁﬁp d to define the pattern of a
term nal curve made of silicon-based nmater

bnd - 203, { MatBod agcesdiDage) Spite. bher i bedharaieges g that, 2
gl?pétl)ctr%f'q%’f‘fﬂ%f%‘ﬁbé&éﬁ& pa t%ﬁ tﬁ@kﬁ@é{ (Q?ﬁfi{)&?{b{iﬁ% §iPat least one

aracter|z at the etc
baif #me ethegriayers Of Sjlicandvasetiimatetialr) in step d) is
reversed with that of the termnal curve (23) in step
e). 13.14\Vetnettiodaneoding to alaimal ‘mdhbracteﬂiZed in that the pattern

h I tt

ot chiacamyBat oubehd) eishedt it Sieb 4y Giteaordy heattems

0%# a s¥cdnideothhes sb gf(zss Pané blse“e@ndhmeﬂ(zm; ’Y draler to form a
Met hod according to claim1l, characterized in

tmubte]aalmrtng(m )dR SeAESt er mi nal curve (23) etched
during step e) is replaced by the patterns a

second 15al Metbod meoesdingdo) amn @f £lajgsohd t@o14 e@ha(@t?terlzed in

% e Ly A4 a8 7 8, 651 2, o e

chne foliovingetep:n that, after a step of etch| ng a
bal ance spring (25, 25', 23"), it further includes

g) oxidising the balance spring (25, 25', 23'), made of silicon-based
material, so as to make said balance spring more mechanically
resistant and to adjust the thermo-elastic coefficient thereof.

16. Method according to any of claims 11 to 15, characterized in
that, prior to step e}, it further includes the following step:

h) selectively depositing (107, 110) at least one metal layer on the
bottom layer to define the pattern of a metal part (29, 31) of said
hairspring.

17. Method according to claim 16, characterized in that step h)

includes the following step:

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

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



the follow ng step: g) oxidising the bal ance spring

(25, 25', 23'), made of silicon-based material, so as

to make sai d bal ance spring nore nechanically

resistant and to adjust the therno-elastic coefficient
thereof. 16. Method according-2d-any of clains 11 to

15, characterized in that, prior to step e), it

further includes the foll owi ng step: h) selectively
depositing (107, 110) at |east one netal |layer on the

bott om, f

(29, "3 SAFELIER SRR oF esf oRpariy 1807 B Hottom layer
cl ai m i, recbrarther metal part (Bixt step h) includes the
follow ng step: i) growing (107) said deposition by
succes«ki g@owmtgag1baixserd5depoénﬁ@$1by eckssive ynetak fayehe at least
surface of the bottomlayer so as to formt

ar t - ( PoylalIn b Y 19RATE P84T Sq 810 GTR g dROt! part (31)
therei for Beivii Qﬁ‘ér@&ﬁomw?ﬁst&lvﬁh%é?e?rﬁ

characterized i'n that step h I ncludes the foll ow ng

phases Psg)h?thb? ﬁé;dc%g(glbé%ya@ 'c?agnkl%’)to g, '&?eﬁéct%ﬂ?ed in

cavity r recelvi ng

méhat stepiht) ifcdddes e fgllowingdastididsesai d depositi on by
successive netal |layers at least partially in said at

| east Oypeliskingt(y1sothesmetal iepasitibe. net al part (31)
for receiving an arbour, which is driven therein. 19.
Met hod 2@c c péthod dczoadivig ab @lhyliofrmleilﬁst ©1 18,19, characterized in

OB S “abioct aypihay (kSR RS, PV same

2Qub g/ﬁg[@oﬂ@ according to any of clainms 11 to 19,
character ged in that several one-piece hairsprings

(21, 21') are nmade on the sane substrate (3).



