5

10

15

20

-1- BREGUET OVERCO L BALANCE SPRI NG MADE OF

M CRO- MACHI NABLE MATERI AL Field of the invention The
invention relates to a Breguet overcoil bal ance spring
and the nethod of manufacturing the sanme and, nore
specifically, a balance-spring of this type based on
a mcro-machinable material. 5 Background of the

i nvention The regul ati ng nenber of a tinepiece
generally includes an inertia flywheel called a

bal ance and a resonator calleﬂ a bal ance spring. These
parts deternine the working q

| ndeed, 0
I.e. they

material. Thedus®lafRig . DEY /
like silicon, has advantages in terns of
manuf acturing precision, owng to progress in current

met hods, particularly within the field of

el ectroni cs. Advant ageFigihokthegnwentiofken of the very

| ow sensitivity of silicon to magneti sm and

t enper dther invehtionygelatas teiaBregyettdnereeil belansemspringdand the

b8 afenuftdinglbersims dhartod SRAGTLANE o fataRBeSpring
| rofehisitppe baséd oara wigreahachinable matesiaht i nvention to
overcone all or part of the 20 aforenentioned

drawbacks by proposiBagkgrdiineidfahe @vairtioh! _
bal ance-spring nmade of m cro-nachi nable material that

is simR Fé_ﬁjdﬁtmgf Afdnbér 8N tiépiec@ldePfallyeieh@iés! @ ertia

vari ation. e 1nvention therefore concerns a Breguet

oiymheel caliediachbalapee epd awasoratonicalied saalbRe®Ispring. These
[ t. 40l LI ' e sLAA AR

TR e RSV QB ST nePUE ldpBePc eguite

t lthe wdrkingaf dide snaveineenit] inal they control the frequency thereof.

It is known to fabricate a timepiece part in a silicon-based material.
The use of a micro-machinable material, like silicon, has advantages in
terms of manufacturing precision, owing to progress in current methods,
particularly within the field of electronics. Advantage can also be taken of
the very low sensitivity of silicon to magnetism and temperature changes.
However, the parts to be made must be flat, as it is not currently possible to
make silicon parts with several levels.

Summary of the invention

It is an object of the present invention to overcome all or part of the
aforementioned drawbacks by proposing a Breguet overcoil balance-spring
made of micro-machinable material that is simple to manufacture and that

allows reduced rate variation.

The invention therefore concerns a Breguet overcoil balance-spring
made of micro-machinable material that includes a hairspring mounted in a
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curve and an el evation device between the outer coi

of said hairspring and said termnal curve so as to

i nprove the concentric devel opnment of said bal ance
spring. 5 Advantageously, fromg4lat parts nmade of a

m cro-machi nable material, a sinple assenbly with
several planes is produced, which is virtually
insensitive to magneti smand to tenperature change and
whi ch no [|onger requires the conpl ex adjustnent steps

Cingietpayt, coaxiafy withta tolletnemarbeterized in that it inplides a terminal
bal ance spring froma netal Strilﬁ% 10 Accor.di nég tp .
otvEYe andan alguatien deyicahaiwsen the obfrr&ol ¢fsaid hajgpring and

e's%Y@tﬁémngﬁkfhﬁ/% §6‘“ésuﬁﬁﬁnﬁfo%ct'ﬁ@né&ﬁieg]‘:tﬁé*d;égéfopﬁ’fent of said

attachment  menber connecting one end sai d outer
cdidlancee springend of said terminal curve;, - according
to a first enbodi nent, the nechani cal fastener has a

mai n  Yuvantggenushndédmonflatagrarts dmade @fi gpi migrenmacthinable

- EERa) BB TR0 SRR LRELY oRREY which s
ougtliARNnsEnsitiver s Aladinetisintamd $& tsmpeeitiredthatyge, adivhich no
nmechani cal fastener has a min body on whic

t he .
grlPRGFn GeaHiERss the CQMBISKi BiUSIMEDl SRS f%'frengn_ carried out to
r%ﬁgﬁ&r‘abﬁﬁé%ié(ﬁ@% Bﬂbélﬁﬁo@%ﬁﬁng?roﬁ%%g&ﬁ 8fripcoi | and
ur t y

sald term nal ve agal ns e mal n body; the

grippi @AG 18 Bfer ddvahtdus GEM e S The! iIRFERIIH; Vel ¥
attﬁchg%cra_fo gl rst ané{ sec engs 0 tﬂ@_ mal n body; -
Eher zornSyCYIETT Abilisp EE8ss %, Mt JpSISHER By atiachment

arns agaember aonheptimg winer end of asaid raiter coibdy ;one end hof said
of said ends is |ocked along the height thereof, by
the t hri@€PINg} CU€second contact of one of said arns

agai nst a second st op menber of said majn Podg/; .
- according to a first embodiment, the mechanical tasténer has a main

body extended on each side by gripping means;

- each gripping means has an approximately U-shaped profile for
receiving one of said ends by overlapping;

- according to a second embodiment, the mechanical fastener has a
main body on which the gripping means are elastically mounted for
respectively locking the ends of said outer coil and said terminal
curve against the main body;

- the gripping means have first and second arms respectively attached
to first and second ends of the main body;

- each of said ends is locked, along the thickness thereof, by the thrust
of a contact of one of said arms against a stop member of said main
body;

- each of said ends is locked along the height thereof, by the thrust of
a second contact of one of said arms against a second stop member

of said main body;
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-3- the arns are approximately parallel to the main
body; according to both enbodi nents, the nmechanica
fastener has central symmetry relative to the centre
of the main body; the el evatiomdevice has bunps, over
at |l east one of said ends, for 5 delimting the
position of the fastener relative to the length of
said at |east one of said ends; - the elevation
device further includes joining neans between said

mec hanithalarma Hre apbroxinhatsly paeaiids tstheamatrobodyr ove t he
securing force of said elevation device; 10 - the

j oi ni ngcEBRIIAg € BBtH émb@dirﬁémb tHeainechahidedEfasteher has central

adhesive material, a allic material, an oxide or a
fused &YMEyetsy relative F?aﬁh@rQQilt@ ftha malp Badn a braze or
solder; - said mcro-machinable material is silicon,

cryst althe elevation; devies hasrhrnps.| ovascatdeast ore 9hsaist ends, for
- the to%ﬁﬁatﬂ‘?iﬂ%gééﬁ ibr of the 'f%étél‘?ec‘r r‘éii)’ét](/éntgaothbqgﬁﬁfl‘\ of said at

t he concen prment of Sard
at | eadeasirome ofrsarid ends of the hairspring |ncI udes a
Grossnmann curve to inprove the concentric devel opnment

of sai dhdadlevatiors peviee. fur’Meranaledestjbmnmgwmeams)rbetween said
cterized in that i

relates tq a.t ece,
i ncl udé‘ée‘gh I ﬁgl%\% pa 2fRIR SOsBS ﬂﬂdn'%e\lfﬁ 6hq]gsecurmg

to anyf@icetéf%aldnéré%sﬂbﬁaevey ants. Finally, the
invention relates to a met hod of manufacturing a

Br egueline O)Hifg)! ﬁ'segﬁkae&?l e%yggldg@Flt‘HQ{ NAciuB8s an adhesive

foll ow ng st ep: sel ect I ng at east one
cavi t y matecial, ag emetdllicri matariat.s amaoXideator eanfitsedi alloy cof the

define LLSpri no d_coaxi . with a collet;

char act"g? E'@[? lfsr?dpﬁéfev# e‘ﬂ??%% sswgl\(’udes t he

follow ng, s : . C . . .
WA muflJ'o-machmable material is silicon, crystallised silica or

crystallised alumina based;

- the terminal curve is a Phillips curve to improve the concentric

development of said balance spring;

- at least one inner coil of the hairspring includes a Grossmann curve
to improve the concentric development of said balance spring.

Moreover, the invention relates to a timepiece, characterized in that it
includes a Breguet overcoil balance spring according to any of the

preceding variants.

Finally, the invention relates to a method of manufacturing a Breguet
overcoil balance spring including the following step:

a) selectively etching at least one cavity in a layer of micro-
machinable material to define a hairspring mounted coaxially
with a collet;

characterized in that it further includes the following steps:
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-4- b) selectively etching at | east one cavity in a

| ayer of mcro nachinable material to define a
nmechani cal fastener; c) selectively etching at | east
one cavity in a layer of mcro-4machinable material to
define a term nal curve; 5 d) assenbling the
nmechani cal fastener between said hairspring and said
termnal coil to formthe Breguet overcoil bal ance
spring. Advantageously, few steps produce a bal ance

spring mpdselettivelgétchimgC t nadste omet eaviy i Ahlayer of micro-
i nproved precision conpared tg the conplex . 10

adj ust ment machjnabie material jo define ameghanigal fastener;
manufacturing this type of balance spring froma .
metal i &) s$$|ﬁpth%chf3gin§g at Jeasthoneagavifit dgedutayer of micro-

features Oﬁma%ﬂﬁxgigglééﬁﬁt]ér‘?él:togﬁe?iﬁé a%{@gia?guﬁfé-swp d),

the net hod I'nc e oxidrsing s I hprove the

securi ng,forc j iLcal. f e :
o o 3y BEPIng e TEEAAEAS tasi e BolwedH daft MlifSpring
mechani cal ayd r<sid steaninal agull te fatthutie tBreguet overcoil balance
t herno-el astic coefficient thereof; before or after

step d), tPR'MEethod includes the step of depositing an
adhesi ve nmateri al between sai d nechanjcal fastener and

sai d  HEvaSEIganyshh dew SteRhafodice A balapce spEngraage of micro-
frﬁﬁéhitﬁéﬁle H")atetti%]evﬁ{ﬁt oVE&'M@%&é&rﬂgﬁﬁeafto the complex

a
depositing a naterial between sal ring and
t exdjiistalent usteps andrrently sarfied egut dor dnacufastiing this type of

oPAGT 5P U G0 FEfFih STt er m nal ourve agal nst

o PR e P RS gLy Syl ¢

P Cr o (e, OTBIG FIER .- the mediorb eTRiaS fe, o8iiing step to

final siRpoR tHie8biirthg firee Of & edhnitdt fastener, or to make
said Breguet overcoil balance spring more mechanically resistant

and to adjust the thermo-elastic coefficient thereof;

- before or after step d), the method includes the step of depositing an
adhesive material between said mechanical fastener and said

hairspring and terminal curve;

- before or after step d), the method includes the step of depositing a
material between said hairspring and terminal curve and the surfaces
of said mechanical fastener that will receive them, in order to drive in
or solder said hairspring and terminal curve against said fastener to

improve the securing force of said mechanical fastener;

- steps a), b) and c) are performed at the same time in the same layer

of micro-machinable material;

- the method includes the final step of heating said overcoil balance
spring to improve the securing force of said mechanical fastener or in

order to activate said adhesive material.



10

15

20

25

spring to inprove the securing force of said
mechani cal fastener or in order to activate said
adhesive material. -5- Brief description of the

drawi ngs Ot her features and advgntages w || appear
nore clearly fromthe follow ng description, given by
way of non-limting illustration, with reference 5 to
the annexed drawi ngs, in which: - Figure 1 is a

per spective di agram of a Breguet overcoil bal ance
spring according to the invention; - Figure 2 is a top
view diagramof Figure 1; - Figure 3 is a view of the

cross-section A-A pfiefdeiiéfiptidn ol the dfavangse 4 is a flow
chart of the steps of the manufacturing nethod; -

Fi gur e rhbp f8attfes Ritel a¥Parstages ami Chpped?’ Rdre clearly from the
overcoil balance spring according to a second

erfollawing desefiption: giverehy way; of-nqn-grm\rt@gellwrail%\aMﬂhhaneference
e [ i .- Figure 7 is a perspective
Y g M

Stener according 15 to the

of i guidue, 1 08 Prisnefud, i ¥ d HeBlef B batance

enmbodi rsprihg abeerdiig it inventér;ated in Figures 1 to 3,
shows a Breguet overcoil 20 bal ance spring generally

desi gnatiggrel2 isBRatapiewsdiagrin bf Fguré@n; mounting in a

ti mepi ece in cooperation with a balance. It includes a

hai r sprriggre jsfa GiRMW 8f thedross-586HBMALA 68 ri@ré 2and an

el evation device 9. Hairspring 3 and collet 5

prefer f i ' | mEfHbA:
Bt the T B o R e o B R Bhufe iy R
detri 0;.t he 9%1%{1_5 gt n
spri hgﬁé@/ﬁssi 5 53??@6% I'n |%rér es 15 3%55??§¥§%ggnsaance
see t hapringiaceprding t@a secehd eatbodimest afitherineentom;| 11
conprising a Gossnann curve. A

- Figure 6 is a partial enlarged view of Figure 5;

- Figure 7 is a perspective diagram of a mechanical fastener according
to the invention;

- Figure 8 is a cross-section of one part of Figure 5.

Detailed description of preferred embodiments

The example illustrated in Figures 1 to 3, shows a Breguet overcoll
balance spring generally designated 1. Balance spring 1 is for mounting in a
timepiece in cooperation with a balance. It includes a hairspring 3, a collet
5, a terminal curve 7 and an elevation device 9. Hairspring 3 and collet 5
preferably form a single piece to prevent imprecision at the interface
between them which could be detrimental to the development symmetry of

balance spring 1.

As illustrated in Figures 1 and 2, one can see that hairspring 3
preferably has an inner coil 11 comprising a Grossmann curve. A
Grossmann curve compensates for the use of a collet 5 by rectifying inner



Grossmann curve conpensates for the use of a collet 5

by rectifying inner -6- coil 11 relative to the ideal
curve of a perfect Archi medes bal ance spring. Figures

1 and 2 also show that collet &is generally

triangul ar and able to receive a balance staff 13. O
course, the general shape of bal ance staff 13 may

differ without departing fromthe scope of the

invention. 5 Preferably, in the exanple illustrated in
Fiogilr £6 rdlativel t@ thé Me\r/a’ql _rmirr]ve gﬂ raypeﬂeif]tSA?hi?h?dés palancfe spring.
cyrve, i,e. a cyrve [ ri t he devel.o nt o
bdTiges L e also shewithaheoletd & aeneraly tpagiley apf| able to
baba&ige aShatbhcd dtaft 15.eOLEGINY, t@géﬁérﬂﬁ%ﬁ?}e‘égf b&ance staff 13

Figure 2, the height of term nal Curve C
hanay giffengvithous departingdeam the seepe gt theginvention.
geonetrical conformty of terminal curve 7 and the
5 assenblRrefgrablyi s ghé rexapnplecibusteated ioxbigaresed ahd\a:, terminal

SCEO O B 7l SRR T s VAT FuRr i apyeigoment of
t Wedareged sprihgr il Almaipednguiss centrehbhdgavitle\opl batarte. stedf 13.
uar ant ee t he_nanuf ac,tuF:iﬂr;%%pre i sion of these curves

g

_bd:fre ragly. £5 Hlystiaiee a % pihengeight iof itgemingl curve 7 and
i ﬂ}%\%@ﬁhﬁ%‘ﬁstidbﬁmﬁﬂ?t ismand tenperature change, a

si l'i'con-

ased nmaterial can be used. Indeed, this is a
m cro- [ hddrieal Bt G daal-:

10 Manuf st adew e SeanBlrical chnfofef, FAnine urke7 3 the
f @sserdiplaf, hbiyspraep I eacollete 5i explaitechiabgvé Dih€) symmetrical
crystalline silicon-based fer. 20 course, .Silic
" e R borBRE TG, ok Tl SUEREreT LoWeRRr the
Qrhghufattiridg THed aRaPhateial @sdchfuse ABt hindendeveigetent.
such as, for exanple, crystallised silica or

- crystakhg §€§lra%|té€fiﬁ@md?ﬁﬂ£@thﬂh{;3br_eéi§i%n56ﬂ fhees-daées! but also
material hay al so be coated wwih its oxide so as to

15 adaptmakes balangel sefipansli ovirtuglly isepsitive to magnetism and
t - j . WGl At e n ;
| DEPRALLiad B SREATLALE AElal alfnd RsblERLATERs o -
nowienenachinable fateriat] U@, r) materiabthat veean bei mantfactured with
m ni mum . L
accuracy of less than a micrometer, for example, by deep reactive ion

etching (DRIE) a crystalline silicon-based wafer.

20 Of course, silicon is not the only material that has these properties.
Other micro-machinable materials can be envisaged, such as, for example,
crystallised silica or crystallised alumina.

Preferably, the silicon-based material may also be coated with its

oxide so as to adapt its thermal expansion, but also its thermo-elastic

25 coefficient relative to the balance for finely adjusting the isochronism of the
timepiece movement, i.e. for reducing its rate variation to a minimum.

To make Breguet overcoil balance spring 1, an elevation device 9 is
used for securing the outer coil 15 of hairspring 3 to terminal curve 7
located above said hairspring. As illustrated in Figures 1 to 3, elevation

30 device 9 includes a mechanical fastener or attachment member 17 that has



To make Breguet overcoil balance spring 1, an

el evation device 9 is wused for securing the outer

coil 15 of hairspring 3 to termnal curve 7 |ocated

above said hairspring. As illusirated in Figures 1 to

3, elevation 30 device 9 includes a nechanica

fastener or attachnment menber 17 that has -7- a main

body 19 extended on each side by gripping neans 23,

25. Like termnal curve 7 and the hairspring 3 -

cd Ingdin s QQ‘OéMenm frmnieaeh sidexdtyegrppihg r'neaads 928, 25. Like

r ef er abl made from a,mcro- chlna ermterl suc .
g erm@pP f Id7 Eﬂq |h@Hﬁprg,rgg E?t 8 as&‘@n;gy, mechanical

' 'fbé't%héﬁﬁ‘?qs 'a‘ibd:bt‘é?éra%ﬁﬁﬁiaaﬁ frémM EHiER-Rachbblebddiersd such
of mechanical fastener 17 is approximtely

pasafore@pnpleda siligondasedimaiekiaess  that is
approxi mately equivalent to the hei ght of term nal
5 curve Asanibustuated ircotrossBeofiomainr Spguiey X. n@inppiody 19 of

C SRR ansa S Bh8n AT PR Btk CHETBIpRL AR E b o ipness
U-tﬁbﬁi@%bmbﬁﬁndtélyfét[uraélémcmm hélgbipef(:termaial cuove Meand outer
end of ter m nal curv and the end er coil 15

fcq"lal Ps i MGIrsPeRg ag | HRPINGa BPANS ofg:g-r I%g.’pp?rﬁg appﬁoxmately
U- Rﬁﬁéﬂi&‘a éflé{l\l‘ésid MAA H F’i@%ﬁ det thchudeshgn ar;])pr?xmately

es are over the entire wd
10 nﬂblsbape@lprcbfdetfen ettacllvmantjrese)epb‘&lv Jelthe endvafrterminal curve 7

ent 'H’; 8 Pt hlﬁpg@gr g&l I]g g%%gg%rm@ggw g&éjﬁtﬁ)%trﬁ%cog%'rlhp&ﬁg
g?{)? ! : 3@ ﬂ%ﬁo t?ﬁ\&&ewghﬁa%ﬁ gégfdfg 1%‘{/3'0@‘ agﬁpgi)gﬁtproﬁles are

f ragde asler ohgeentirendidth 6P mdthanival Fastederrizt faﬁdeféspeetlvely
wi dt h of nechani cal fastener 17 and/or extend

oveveptie etiredhickngssiphterminglcusya  anskauisr go 4o Of)f‘a'rsp"ng
15 er@"léé\ﬂrgg on pﬁ&nébf hf@fsatce %r&ieIQ{?%é’hggjhlt ‘éﬁcb\?erﬁat Of course,

U-Shape approximately circu tical,
sdberprofilesr ef:gapglmgam,eanbqu eRabhapde Idd'femdt ffom each other

ter naI and/ or . out e coi.l. 1 r
hef s Smfigrarete? 1 sl aviety’ 3 Jnedic tddfentr 17
efﬂmﬁorﬁéﬂbnﬂforﬂg@v& ipaft eEgaidewRith. R IBraﬂ?ﬂinbssmleeto: enlnsage
bal ance sprin 1 is made as illustrated in Fi f
t dhat atﬂegst one of the profiles is not U-shaped but approx tey circular,
20 elliptical, square or rectangular, thus enabling the end of terminal curve 7

and/or outer coil 15 of hairspring 3 to be entirely covered.

Acdording to a second embodiment of elevation device 59, a Breguet
overcoil balance spring 51 is made as illustrated in Figures 5 to 8. The
balance spring 51 is also a Breguet overcoil and has the same features as

25 the first embodiment with the exception of elevation device 59. This device
is for joining outer coil 65 of hairspring 53 to terminal curve 57, located
above said hairspring.

As illustrated in Figures 5 to 8, elevation device 59 has a mechanical

fastener or attachment member 67 including a main body 69 on which

30 gripping means 73, 75 are elasticaly mounted to lock ends 61, 63
respectively of outer coil 65 and terminal curve 57 against main body 69.



bal ance spring 51 is also a Breguet overcoil and has

the sane features as 25 the first enbodinment with the
exception of elevation device 59. This device is for
joining outer coil 65 of hairspging 53 to term na

curve 57, located above said hairspring. As

illustrated in Figures 5 to 8, elevation device 59 has

a nechani cal fastener or attachnent nenber 67

including a main body 69 on which 30 gripping neans

73, 75 ¥ forabafinat aliive mahﬂetﬁethalﬂspﬂhg 63ds collet 53 assembly,

respectlvel of outer coil term curve 57

agae %S%W o 580 pistarghly. EAdR A DI e magtinable
t hRatdfial §L26H 8¢, f%f'exaﬁw \d %s@%rﬁﬁé@éﬂ%ﬁéter‘ﬁl‘:ham cal

fast ener 7|sasopefera froma

m cro- a

i 11 con pASfatey iFgliel 7 %*ﬁu'& e RN EERteher 67 has an

5 arappﬁoxmadéiarparalleléptpbdnmlrﬁboﬂasﬁgmnds likp pmeshanicall fastener

P otz o Pk Sopitenf e ReaBlhar he R SABREP elptive to the
C edeintrdl oSy Yotig |68, lM@refoOet fgrlp tﬂear@ 78, Mhihave first 81
body 69 Mor eover, gri ppi haye fir

%%aﬁﬂﬁﬁefi&%’ﬁé@'ﬁh aﬁtacpeatw &I&ﬁJ& and secand %Zse%ds of
ar}ﬂaﬁﬁwg 4n8 riﬁ'é){ ?fdi“ytf&cﬁgﬂ-%ui%ﬁ@%qvé 198Y R f 8f terminal

attac respect to en termnal 10 curve
10 5%uavel 57 carehto €8dd33 otmeterotmull 6% 5f drairspling 5Si by abBasy partial

at IeI%st artial overlapping. As visible in Figure 7
arfY©8aPR 81, 83 are approxirmtely paraIIeI to main

mvint PSSR I Figyie f and e LR antak Ry aratel to

b)’méihebédy 8ot Nme@\?erhQHb%gQSUSIg%cc@;ﬁilﬁ@% tie limuenitibAMmarms
to travel relative to main 9. Mire specifically

eadthapd &hate madeaslasacalb/cmllmtzyn@et fsmafipp afcaaliows’ 88, 90
15”1ﬁ Qlovpﬁﬁﬂ?%gg(/élsﬂelﬂ e%?ﬁ%\h% . 86 of one of
agal ns a S

er 72, 76 of main

2?% Yo b oy B s

aghersf bytthp thrust of a contact 82, 86 of one of said arms 81, 83 against

a stop member 72, 76 of main body 69. Thus, as is visible in Figure 8,

contact 82 of first arm 81 pushes end 61 of terminal curve 57 against stop

20 member 72 of end 77 of main body 69. Moreover, contact 86 of second arm

83 pushes end 63 of outer coil 65 of hairspring 53 against stop member 76

of end 71 of main body 69. Thus, as for the first embodiment, fastener 67
grips each of ends 61, 63 along the thickness thereof.

Preferably, according to the invention, each contact 72, 76 is
25 elastically mounted on its end 77, 71 by the formation of hollows 68, 92 that

allow them to travel relative to the rest of main body 69.

Advantageously, compared to the first embodiment, elevation device
59 also allows each of ends 61, 63 to be locked along the height thereof by
the thrust of a second contact 80, 84 of one of said arms 81, 83 against a
30 second stop member 70, 74 of main body 69.



20 menber 72 of end 77 of mmin body 69. Moreover,

contact 86 of second arm 83 pushes end 63 of outer

coil 65 of hairspring 53 against stop nenber 76 of

end 71 of main body 69. Thus, ag_for the first

enbodi nent, fastener 67 grips each of ends 61, 63

al ong the thickness thereof. Preferably, according to

the invention, each contact 72, 76 is 25 elastically
nounted on its end 77, 71 by the formation of hollows

68, 92 THa! asais! visibldérinRigurer 8y ehchi elrat BY e 88ohada lugs85, 87

of, maj n body,kK 69. , Advant ageous]y,. conpared to the f]rst
o TBBRGeA 00K Bk SHBROHSANGe0! BAdGTarong: Foaclsatty 8f Tocated
engiprédimately L fednbirl dic? e Firsh Bonice 82, LdE T AGTam¥geously
the thrust of a second contact 80, 84 of one of said
aragsopling da thgdnyention, lags 88candi84tarp mede«lastizally mebile by

o T AP of 1, 5 R A Wi o e

sgper8tk 8e of said second contacts 80, 84 | ocated
approxi mately perpendicular to the first contact 82,

86. Ad\GutisageeHty,y conaeprsd o first tanm i81vposhes thé ugsd 61 of
85 and 87 are _pmmde el asticall '

I by 5 th )
f derminabsupe Ré) aw@sfeét,opgmq%*agro E'Haﬁﬁ @x@ h7e7tmq$ dnainghedy 69.
I aMéidoVer tcdntdld g4 oﬁéé?)r%larrﬁ%3 [Si%h%%qt?\%rﬁﬂd/ 63 HAEL coil 65
80 of shes the end 61 o I

of first arm 81 pu term na

10 c of\hairspring didnagainstogtopemember §4uaf @dj??pfmaind)qdytﬁlijThus,
caeigHBEB7 ¥ oA o g% 7SR Al ARl

st op er 74 of end.71 qf mmi.n body 6 S .
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Preferably, according to the invention, for the second embodiments,

on at least one of said ends, elevation device 9, 59 includes bumps 62, 64

20 for delimiting the position of fastener 17, 67 relative to the length of said at

least one of said ends. Bumps 62, 64, which are only visible in Figures 5 to

8, but which apply perfectly to the first embodiment, form a frame of four

studs for locking respectively the first arm 81 of end 77 of main body 69 in a

certain position relative to the length of terminal curve 57 and, the second

25 arm 83 and end 71 of main body 69 in a certain position relative to the
length of hairspring 53.

It is thus clear, particularly in the case of the second embodiment,
that mechanical fastener 67 is ideally locked against ends 61 and 63 along
three approximately perpendicular planes.



and/ or end 63 of outer coil 65 of hairspring 53.
Preferably, according to the invention, for the second
enbodi nents, on at |east one of said ends, elevation
device 9, 59 includes bunps 62,4964 20 for delimting

the position of fastener 17, 67 relatlve to the length

of said at |east one of sald ends. Bunps 62, 64, which
are only visible in Figures 5 to 8, but which apply
perfectly to the first enbodi ment, forma frame of

four sAdwmtdgeousht kelagaticrs pievidegeby Gheahi alsd iacd@ljoining
of end 77 of main hody 69 in a ertaipn position
Fangans % Jot HrreNis Her seiia derce, ph Slevatan deyie 9, 59
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anhéceﬂdsabEteyrrmwrr&mb @153r and @nesT. coill05, 65 of hairspring 3, 53.
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i nvention, several Vvariants of the J oi ni ng nmeans are

possi bI
0, M T RO B e s 1.5
beacseedingde e nm@lntlbasmttm‘@w be exelalmdjwuhlrref&fﬁdee to Figure 4.

ij'%%l %EH? mp7ﬂ§%§dﬁ %\ﬁé%’szgf’ myﬁf&}%@rﬁgﬁ&%mpgne%ﬁ and a
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now e expl al ned with reference to Figure 4.
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conponent s an asse conponent s
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TECHENL Bhtid ' U BY S TGS 5 ! ERel b, 55,
terminal curve 7, 57 and the elevation device 9, 59. Preferably, a dry or wet
micro-machining technique will be used in order to manufacture said
components very precisely. In the example explained above, the micro-
machining may be a deep reactive ion etching type dry anisotropic etch of a
crystalline silicon based wafer.

Thus, phases 30, 32 and 34 consist first of all in coating the wafer
with a protective mask, for example, using a photosensitive resin
photolithography method. Secondly, the wafer is subjected to the
anisotropic etch, with only the unprotected parts of the wafer being etched.
Finally, in a third phase, the protective mask is removed. It is thus clear that
the protective mask directly determines the final shape of the etched
components.

Advantageously, it is thus easy to manufacture the Breguet overcoil

balance spring 1, 51 with existing movement or calibre dimensions. Thus,



15 As illustrated in Figure 4, the first step 33 is

for manufacturing, during respective phases 30, 32

and 34, the conponents of the Breguet overcoi

bal ance spring 1, 51, i.e. theqassenbly of hairspring

3, 53 - collet 5, 55, tern1na| curve 7, 57 and the

el evation device 9, 59. Preferably, a dry or wet

m cro-machi ning technique will be used in order to

manuf acture said 20 conmponents very precisely. In the
exivehtageousBi, hesienlsnts or ichitbiesgan: stitetsd m’dnmgacttasedosnmly by
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5 et ch, Rreferablyyit isralsompdetséeod thatdr ispassitie perafrorphases 30,

b' tghe Fi II in third phase, .t

ori3 806 8 Ghsient 33, abivb dafhe ke L sl water. g can
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the etched conponents. 30 Advantageously, it is thus
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spring_1l, 51 with existing novenent or cali br
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Preferably, according to the first embodiment, at the end of step 37,

balance spring 1 has an overall height equal to twice the thickness of the

20 etched wafer, representing terminal curve 7 and the hairspring 3, — collet 5,
assembly, and the length of mechanical fastener 17, which does not
overlap the latter. Mechanical fastener 17 is preferably etched in the wafer

in accordance with the pattern of Figure 3.

Preferably, according to the second embodiment, at the end of step
25 37, balance spring 51 has an overall height equal to the he|ght of
mechanical fastener 67.

As explained above, method 31 can also include a step 35 of
reinforcing the etched components. As regards the example of a silicon-
based material, this step may consist in performing plasma oxidisation in

30 order to create surface silicon dioxide. In the example illustrated in dotted



el evation device 9, 59. First of all, each necessary
conponent is therefore detached fromthe etched

waf er, for exanple by breaking bridges of naterial

| eft between each conponent andsits wafer. Secondly,

the three flat conponents are assenbled to nake

bal ance spring 1 fromthree parts. 15 In this second
phase, the end of outer coil 15, 65 of hairspring 3,

53 is thus fitted into one of gripping neans 25, 75
ofhmeaha?igwd 4 f mivforsemént, stég Ibhisrperfdrmeainbetofeen etching step
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t dso pe p@ﬂiﬂﬁmdva{teérphas@pr?:@m/cw epdfard4. curve 7
and the hairspring 3, - collet 5 assenbly, and the
5] engt h As explained abioveastethed 37, mali alsodinelideon step 41 for
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mechani cal fastener 67. expl ai ned above, nethg

can al fFcorRdingde adfirst embgslm@nt lstratadbyg qcrwl%i'e%ra Figure
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mat'er step may consi st
ox291||rrsaade gripping3deansi @3, /3 and/art 255 |Z6f aoeasdol aldnym mechanical

d d h I [ in.. - -
" RREr 121108 B B o S hBS & sl &6ife 7 &7 ang outer
bejonets) 6% ofinirspting 3, 33. Al 98 ehdlaforicited %&ammecdf silicon-
means that the entire etched wafer can be  oxidis

i kased matarial.thifplawenes euld gansighef aimetallierlayey, .@éamed for
158@@5@5 el aagaf\ghss@%pgg@‘sﬂ ﬁrhéeébs%eégﬁ atty ngra@g ‘domain

32 a expla above, netho SO
i rig |sm¢enamay egquire theruse ef aﬂayecnaegthah eaasbeedm‘b;med to peevent

one t r a d
FPInG R 23572k (3% T Moa breakloo $HidschiE” oling in force
| drsressagydfor thitance spring 1, 51 to work properly may generate stress
greater than the limits of the elastic zone of said silicon.

20 Of course, alternatively, layers 29 may also be deposited not inside
gripping means 23, 73, 25, 75, but on the ends of terminal curve 7, 57 and
outer coil 15, 65 of hairspring 3, 53. It is clear thus, in the example
illustrated by a double line in Figure 4, that in the first embodiment, layers
29 have to be deposited prior to assembly step 37. However, the deposition

25 of phase 43 may also consist of a braze layer 29. The braze could then be
performed either during assembly step 37 or afterwards.

According to a second embodiment illustrated by a quadruple line in

Figure 4, assembly reinforcing step 41 may consist, during a process 45, in
depositing an adhesive layer 29 between gripping means 23, 73 and/or 25,

30 75 and terminal curve 7, 57 and outer coil 15, 65 of hairspring 3, 53, to

improve the securing force of elevation device 9, 59. Thus, a first phase 40
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processes of which are shown using double, triple or
guadrupl e lines. According to a first enbodi nent,
illustrated by a double Iine in Figure 10 4,

rei nforcement step 41 can consi4gt. i n depositing,

during phase 43, a layer 29 inside gripping neans 23,

73 and/or 25, 75, so as to allow nechanical fastener

17, 67 to be driven onto the ends of term nal curve 7,

57 and outer <coil 15, 65 of hairspring 3, 53. Thus,

i rmhtneccafswtemi tepositingpare arfhesive owateridlaatdhesinterfade, of the

his | er 29 coul nsi st ofamstalllcl er
o ASSERIEY comeents, BT, TBPToLlo it o Hesobd el 42 dp heating
Thﬁeaé%%%ﬁﬂﬂy @ Rfvat! S5l SdHEYR Matéfals fﬁhisﬁ e @0 could then
require the use of a layer 29 that can be deforned to

presnsist, fogexpripiey ohe-pelymer adBesiye layes. f rom br eaki ng,
since the driving in force necessary for bal ance
spr i ng Qf carsecaliernitiyelppdenasitinn phaseAfireay alseske performed
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I gure 4, in the first 0 i ment Iayers

haarefetrablwe;aépd).safwdamnablyﬁ@ﬁmézamm phage 47. It s thus clear,

2 a 43 S
Elgﬁgll{@% Ség&cgrang{j%éehrt %§8%Fﬁéé1 Eﬁ%tZeoco Igb ﬁmelr eower of
peadheremck, daydre 29chuld tige assemblyfiratlein Blacer
afterwards. According to a second enbodi nent

i 1] ust rdcefidiny te aduird renmadifene illustrafeddby & triple dinednibligure 4,
rei nforcing step 41 nai consi st, durin

@SS&EIR!!; r@nf&gc'aa siemadimay capeist, syripg @Fﬁggg ﬁgplméfmmg a
Lgf%;ye?%&ﬂ%#v@én ?@Prﬁﬁa@{éaﬂ@dﬁ &A@ or QBr \75 ahd ffminal

col | 6 Irspring 3, 53, I npr ove
t rmlm@cYu|57rfg1d baitsprisig 8| 69atoumﬁ>rma/thﬁ38@ur6@ fdrtmj@f elevation

%Qaii 40 -13- may consist in depositing an
terial at the interface of the assenbled

ESQ?FES"H@%&“Z BiieoieT anyile ot §GOAAREEA dferd], a first
MestRisealq ﬁbyscélﬁﬁf |n28xr€5129\|#hg?I fdreskample by plasma etching, the
surface of silicon-based balance spring 1, 51 to form a silicon dioxide layer
that can improve the joint between its assembled components, then,
preferably in a second phase 46, heating the assembly to perfect said joint.

Of course, alternatively, oxidising phase 44 may also be performed
before assembly step 37 and replaced by optional oxidisation step 35.
Thus, the already oxidised components would be assembled during step 37
and preferably heated during phase 46 to create a single silicon dioxide
layer 29 at the interface between mechanical fastener 17, 67, terminal
curve 7, 57 and hairspring 3, 53. It will be noted that a hydrophilising phase
prior to heating phase 46 improves the step of joining the silicon dioxide
layers. It is thus clear, in this third embodiment example, that layers 29, like

the other two embodiments, permit a reinforcement of the assembly




consi st, for exanple, of a polynmer adhesive layer. 5
O course, alternatively, deposition phase 40 nay al so
be perforned prior to assenbly step 37 if the
adhesive material is not viscoyg.enough in the
non-acti vated state. The deposition could then be
carried out inside gripping neans 23, 73, 25, 75
and/ or on the ends of term nal curve 7, 57 and outer
coil 15, 65 of hairspring 3, 53 prior to assenbly step
3 betwden Xiechaficalfabieneedi7e 67, aémeinabswwetid,y5&aad rA@inspring
dﬁ%gﬁ? phase 42. It is thus clear, in this second
e "ment exanple, that, owing to their power of
adherence, layers 29 hold the assembly fir in
o1 ace. Figall a0 ARmaINGr b Haantd jamBedimansaopy could
Yt i . . . ot , icon
AL 2 .§%‘?&d5??%%@%?%2%?2%%"%“3“Po‘?“mﬁ;%?““ags“%S 0
5 | ciompendrdy @ssedblast ive stepyd7 dpi wejdntbersiressed7iptesfagesrof said
ZSCOnﬁ sterrri nal curve 7, 57 and hairspring 3, 53
t SRR the securing force of elevation device 9,
59. Thus, in the aforecited exanple of silicon-based
material, a first phase 44 may consist in oxidising,
for exanple by plasma etching, the 20 surface of
silicon-based bal ance spring 1, 51 to forma silicon
di oxi de |l ayer that can inprove the joint between its
assenbl ed conponents, then, preferably in a second
phase 46, heating the assenbly to perfect said joint.
O course, alternatively, oxidising phase 44 may al so
be perforned before assenbly step 37 and repl aced by
optional oxidisation step 35. 25 Thus, the already
oxi di sed conponents woul d be assenbl ed during step 37
and preferably heated during phase 46 to create a
single silicon dioxide layer 29 at the interface
bet ween nechani cal fastener 17, 67, termnal curve 7,
57 and hairspring 3, 53. It will be noted that a
hydr ophi l'i sing phase prior to heating phase 46
i nproves the step of joining the silicon dioxide 30
| ayers. It is thus clear, in this third enbodi nent
exanpl e, that layers 29, like the other two
enbodi nents, permt a reinforcenent of the assenbly
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-14- between nmechani cal fastener 17, 67, term na
curve 7, 57 and mainspring 3, 53. Finally, by way of
alternative to the third enbodi nent, one could

envi sage a process 47 conprising _a single step 46 of
heating the silicon 5 conponents assenbled in step 37
to weld the stressed interfaces of said conponents.
-15- CLAIMS 1. Breguet overcoil balance spring (1, 51)
including a hairspring (3, 53) nounted in a single
paCcti AINMSgle of m cro-nmachinable material, and
coaxialTy with a collet (5, 55), characterized in that
it includes a termnal curve (7, 57) made of

m cro- machi nabl e material and an el evati on device 5

(9, 59) ﬂao@regheﬂb@éreawsaia!h@e's%_nﬂgt@,r b inBRIUWREA haltSpring (3,
outer coil (15, 65) of said hairSpring and said ]
t 93)i mounted Ve a wingleppani mpdeneof ovistemaghinable material, and

de 0 id n s | .an in )

(LT M RRC S T P Rani L Hicuddy g ermina

%fmireé QVﬁBV);mag:}B/bﬁ?\oié&-mﬁehin!abté nﬂneriaidamc;: han@elg%tion device
ast ener , coppectin ne end of sai r

<38} SBEmate Siaichemashaable el Bapuesn e ales cel t16'65) of

S%diﬁghéiﬁpr#@f%ﬂ RGid OteffHal &arvéh%r?‘%gfd\ﬁ the cBAtentric

the mechanical fastener (17) has a main body {19)

exdevMeirpment efagid baleacespriggi ppi ng nmeans (23, 25). 4.

Bal ance spring (1) according to claim3, characterized

i n that 2.15Bajante gpripgi (1g Stecancofdisg t@5glalmsl,acharacterized in

SR ol FIBE T 8L g BB Bl o)
acsanndictig one @l of shid obteraoiles onedridoftdwd terhtiral curve.
thi ckness of said main body is approximately equal to

the hei ght BYianéd épri§dd) according to claim 2, characterized in that
the mechanical fastener (17) has a main body (19) extended on each side
by gripping means (23, 25).

4. Balance spring (1) according to claim 3, characterized in that
each gripping means (23, 25) has an approximately U-shaped profile, for
receiving one of said ends by overlapping.

5. Balance spring (1) according to claim 3, characterized in that
the thickness of said main body is approximately equal to the height of said

ends.

6. Balance spring (51) according to claim 2, characterized in that
the mechanical fastener (67) has a main body (69) on which some gripping
means (73, 75) are elastically mounted to lock the respective ends of said

outer coil and said terminal curve against the main body (69).

7. Balance spring (51) according to claim 6, characterized in that
the gripping means (73, 75) have a first (81) and a second (83) arm
respectively attached to a first (71) and a second (77) end of the main body
(69).
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20 6. Bal ance spring (51) according to claim 2,
characterized in that the nmechanical fastener (67)
has a main body (69) on which sonme gripping neans
(73, 75) are elastically nountgqg _to | ock the
respective ends of said outer coil and said term na
curve against the main body (69). 7. Bal ance spring
(51) according to claim®6, characterized in that 25
the gripping nmeans (73, 75) have a first (81) and a

second (833)Ba?lé|i%e 6pﬁﬁ§<(51)/§bobrdlﬂgaw1©|dlmc7 &hlargictérizedl)n that
and a second

s 53 605 465, S3%0s dvﬂ@q alongafhia Hickness théredY by the
l
@f(@g&g{%ﬁ%ﬁﬁ& (EBE?E:Bk ess 'tq%ereoa?d by thg;31 th d?u élg?t g stop

conembter('@. 78)®f said maéin bédwai d arns (81, 83) agai nst
a stop nenber (72, 76) of said main body. 5 9.
Bal ance %prBalgnde sprimg 51 daccprdimgcloaciaing 8, characterized in that

OB A &k o e TR e gl R feteof) tethrust of

S%C@édom)%bﬁfdct 88@ 88)4bf oheosfesalll il (87, 83)(&dain§t3a second
agai nst a se menber (70, 74) of said main

bcﬁi?P leI“bgaW&’nc?é) §b$@'ﬁg§n%‘91§° ecording to claim?7,
characterized in that 10 the arns (81, 83) are
appr oxitat Bajance sprieg (5 amorﬁmgnt%@ayn (76g,)‘1arqqenzed in that

o B3hantmsSBY ' 89) érb xift4té Q11 %0 & hiBirt body (G
character zeg ?;ﬁ;r ?ﬁé} dIiwlanl cal ?H% ener 6
?Z’e i E!%%)S‘%%%% 5 ek Ftb8 5B iy Bbterized in

achat theehdohanical fasteneal7a@7¢rhasecentral sinrhety relativatto the
| east one of said end he el evation device (9, 59)

h&enyeRidh em@nb@ﬂy(@rﬁ limting the position of the
fastener (17, 67) relative to the engt h, of said at
| east oke d3alanceysprng. (1 1§1)%ﬂ°§fﬁi@9§9r¢|ﬁ§" (h, chargcterized in

{
SFESL T 125 b TS BRI LEFAIOR ackl 5,19 s umos
( 82, bd) feredelimiting the position of the fastener (17, 67) relatuve to the

length of said at least one of said ends.

13. Balance spring (1, 51) according to claim 2, characterized in
that the elevation device (9, 59) also includes joining means (27) between
said mechanical fastener and said ends for improving the securing force of
said elevation device.

14, Balance spring (1, 51) according to claim 13, characterized in
that the joining means (27) include an adhesive material.

15. Balance spring (1, 51) according to claim 1, characterized in
that said micro-machinable material is silicon-based.

16. Balance spring (1, 51) according to claim 15, dependent upon
claim 13, characterized in that the joining means (27) include a layer of

oxide of said micro-machinable material.



20 sai d nechani cal fastener and said ends for

i nproving the securing force of said elevation

device. 14. Bal ance spring (1, 51) according to claim

13, characterized in that the Qi ning neans (27)

i nclude an adhesive material. 15. Bal ance spring (1,

51) according to claim1l1, characterized in 25 that

said mcro-nmachinable material is silicon-based. 16.

Bal ance spring (1, 51) according to claim 15,

dependern, LBmance:Lsphﬁg 13, 5dhabacﬁd$rig tedldim 1Hatharaeterized in

1 ithRb R adHins ot dedstiang sicon pxerhart ig g dggﬁ biignga spring
Shhore %%&d?'@cél Fasfdtanil §ndcf@ra€ﬁf§§ rthéeﬂlmén‘?loté]ﬁétld tcoefﬂcnent

includes at | east one silicon ox part to make said
bdharesd. spring nore mechanically resistant and to
adj ust the therno-elastic coefficient thereof. 5 18.

5 Bal ance185prBa1gno§d spBny @Ac&d) cavgrding doaclaim, 1, characterized in

CRBF I el Byridith, 15, RBIEST B bl Bt eppoentic

ofdes@isprh@mtestaic baiange splingBal ance spring (1, 51)
according to claim1, characterized in that at |east

one i nngy, CBEIénéell‘)bnﬁ@ (t1h%1|73édc'élit!|h§§to(§am531) d:tﬂﬁbe'l@ﬁied in
a 10 Grossmann curve to inprove the concentri

ddbat &nleast cﬁn%an@erbgp&n@é) @fprthﬁghawrmg. ﬁ%pﬁéhéncludes a

10 C@gngﬁdgfé&quf P@ﬁ){/éa éfg%?g:ﬁggﬁttri% &-’f\@%eﬂgﬁf s9id balance

Mestpiind. of manufacturing (31) a Breguet overcoil
bal ance spring 15 (1, 51) that includes the follow ng

step: @0. se'mmplecel, y:hatad’oemmac( BO}hattit iInchsiesoadBreguet pvercoil
ahl e terial to define a

hg?a?%’ﬁﬁqy%"t%“ §%ﬁ5?f ’&jo 8Wi'ally with a collet

5 55
( )21. Method of manufacturing (31) a Breguet overcoil balance spring

15 (1, 51) that includes the following step:

a) selectively etching (30) at least one cavity in a layer of micro-
machinable material to define a hairspring (3, 53) mounted
coaxially with a collet (5, 55);

characterized in that it further includes the following steps:

20 b) selectively etching (32) at least one cavity in a layer of micro-
machinable material to define a mechanical fastener (17, 67);

c) selectively etching (34) at least one cavity in a layer of micro-
machinable material to define a terminal curve (7, 57);

d) assembling (37) the mechanical fastener (17, 67) between
25 said balance spring and said terminal coil to form the elevation
curve balance spring (1, 51).

22. Method (31) according to claim 21, characterized in that said
micro-machinable material is crystalline silicon and in that the method
further includes, after step d), the following step:
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and terminal curve and the surfaces of said mechanical
fastener for receiving the same for driving said surfaces
against said fastener in step d) to improve the securing force
of said mechanical fastener.

25. Method (31) according to claim 21, characterized in that said
micro-machinable material is crystalline silicon and in that the method
further includes, during or after step d), the following step:

i) depositing a brazing material (42) between said hairspring
and terminal curve and the surfaces of said mechanical
fastener that receive the same to braze said surfaces
against said fastener in order to improve the securing force
of said mechanical fastener.

26. Method (31) according to claim 21, characterized in that steps
a), b) and c) are performed at the same time (33) in the same layer of
micro-machinable material.
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