Case 2200 GI/ert SPRUNG BALANCE SPI RAL RESONATOR AND
METHOD FOR MANUFACTURI NG THE SAME The present

i nvention concerns a flat resonator spiral for a
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pitch, from a metal strip or wire of constant section, wound in the groove of a die, then

annealed and hardened. To the knowledge of the Applicant, no products of this type
have been put on the market, which leads one to assume that the manufacturing
method was not, technically or economically, satisfactory.

As regards the variation in thickness of a wound metal strip,
GB Patent No. 1020 456 can be mentioned, which discloses the manufacture of a
mainspring by buttwelding of strips having sections that increase from the centre to



GB Patent No. 1020 456 can be nentioned, which

di scl oses the manufacture of a mainspring by
butt wel di ng of strips having sections that increase
fromthe centre to -2 the perig?ery. Such a spring is
desi gned, with equal space requfitTenent, to increase
the power reserve, but it is clear that by applying
this manufacturing nethod to a spiral, the presence
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According to a second embodiment, which can be combined with the first
embodiment, the pitch “p” between the turns decreases regularly from the outside
curve to the inside curve.

According to yet another embodiment, it is possible to select a determined turn
portion and vary the width of the strip tocally in order to act on other parameters

favourable to isochronism. This increase may be achieved for example on the inside



curve to the inside curve. According to yet another
enbodi nent, it is possible to select a determ ned turn
portion and vary the width of the strip locally in
order to act on other paraneters favourable to
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- Figure 6 shows a second embodiment of a spiral according to the invention;
- Figure 7 is a diagram of the isochronism obtained with the spiral of Figure 6;
- Figure 8 shows a third embodiment of a spiral according to the invention;
- Figure 9 is a diagram of the isochronism obtained with the spiral of Figure 8;
- Figure 10 shows a mode of securing a spiral according to the invention; and
- Figures 10A to 10E show other forms for securing the spiral to the centre.
Figure 1, which is partially torn away, shows a sprung balance of the prior art
referred to in the preamble. Its features serve as a reference to show the significant
progress brought by the invention as regards isochronism. Spiral 10 has the end of its



- Figure 8 shows a third enbodi nent of a spiral
according to the invention; - Figure 9 is a diagram of
the i sochroni smobtained with the spiral of Figure 8;
- Figure 10 shows a node of securing a spiral
according to the invention; afnd*~ - Figures 1 CAto 1
OE show other forms for securing the spiral to the
centre. Figure 1, which is partially torn away, shows
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strip thickness varying between 0.046 nmm for outside
curve 14 and 0.036 nmfor inside curve 11. Contrary
to what m ght be expected fromthe teaching of said
Patent, it will be observed that the maxi num
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Figure 10 shows a spiral corresponding to the first embodiment (Figure 4)
wherein the collet 20 is replaced by a self-locking washer 17 formed at the same time
as spiral 10. This washer 17 has at its centre a contour 18 such that it allows the
arbour 9 of balance 8 to be locked without any play while having a certain elasticity
provided by holes 18 distributed about the locking contour 19 shown in a star in Figure
10. Figures 10A to 10E show other possibie configurations of self-locking washer 17



such a configuration to be obtained very easily
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means of, .an ckness grea
Than_t ReRANG e piAEdetisa e hefett h s ACSrdnge Wil the
t ondieodhédstribed by C. blardralt enale(“Aaliarionéing And s rapplication to silicon-
a%ﬁ%&{l{@r \Iagnéﬁ%n" ? &I?ﬁda?ﬁ g'é@PﬁNr%fgan“d%BFkgﬁé’d{ E‘BeWn, November

such™as sifTicon can
nﬁﬁupaﬂ:kﬁﬁ)éd by adaptl ng the nicro-machining nethods

al r eady gaiafich A %asﬁ@%bﬁ:llfh%brd%? %ﬁ%d&'uhﬁ‘@ th meet%s‘ﬁ’eﬁ dpiral

circuits or ~ acceleration neters froma silicon wafer.
REPBYHACe ran be made in particular to the methods
di scl osetthirgy the sfabewhfdNeas thedubgtt4l6,linartordamkbwibRhown methods,

CNeT e B A SRy PE. B res PR BRORRE DB Ao e

wahdr to a substrate creating an insulating Si02

i nt erfaﬁparafnéacco ngrcﬁrnﬂ:doe%{ﬁntsﬁafeo the desired strip

hei ght ance Wt nmet hod descri bed by
C. Har &ian tae vary smal\gimepsipiseli hepitahdt is OBvigpy pessitieand

t %d%ﬂthg‘é?ﬁus t® %dnﬂﬁd&mﬂé ‘ﬂ'ierﬁ ﬁ%ét@r@s' fRn aEﬁ%\WﬂWn vafeiest

l\/NE90I an}‘lfﬁ l&g Ber | r] I@ Pg &2

o nimgar IR TCFL 81510 BB RO S aEBiting i g invention

t itkee DIESA methos pkniawn singentheunigidle of theh?0sds ubed. I3m hifiestistep, the

mﬁﬁﬁil@%d B’as‘i&er‘lg %Hrti’sﬁétg ﬂ'{ Spre%nﬂnggg)%g 9%%&%4&2 EH&@%Slst ona

plsabmt@ptﬂviquglymoa@dwm saarifioal layert h\eerta/tbrckn%as;d:orrespondmg to
the desired strip height “h” and forming a hollow structure corresponding to the
desired spiral contour by means of a mask by photolithography and chemical etching.
In a second step, said hollow structure is filled with a metal or a metal alloy either by
electroplating as indicated for example in US Patent No. 4 661 212, or by nanoparticle
compression and sintering, as indicated for example in US Patent Application No.
2001/0038803.

In a last step the spiral is released from the substrate by removing the

sacrificial layer.
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- separating the spiral fromthe substrate. G ven the

very small dinensions of a spiral, it is obviously

possi bl e and advantageous to manufacture themin

bat ches froma single silicon A@fer In order to

manuf acture a metal or metal al'loy spiral according to

the invention, the LIGA nethod, known since the

m ddl e of the 70s is used. In a first step, the

ey haghdasi cal Iy consists in spreading a positive or
photoresi st on a substrate previously coated

wth a sacrificial |ayer, over a thickness

C or res pq nd 'SBEhrfg‘balérﬁ:@ rQ@@Ha'Ed?‘élpﬁéeraﬂhng@l's%'?ﬁourI?%) led between a

[ ow structure correspon

4 8lets Y adgithesbalamsn-sqik (Bl SREGERTAGH Obbeia forpgd of a strip mads up of
pauatéssidngs aphy havifg ahpreh Cpﬁ'be@ﬁé‘éﬂ tAem, theerd SFe8@Mdide curve

d hol |l t f
S Rl Fp b LBl b 8Pt 8 e Bingg 14 being
f eecurad ipihe bialandS-cBek () tor hoa pdrt 86durgd thereto, d:t;aractensed in that the
”éﬂpﬁg ?(n;et r#gﬁn@d of %%ﬁgkes?@ﬁ fP{A\nftﬁ&'m%{dBtc%Hﬁo”(q 1) %nk BelsRR'&Rve (14)
2eoqhe%@8%certam portiers cmsweﬂ thetvegsinrthe ppist platiagbegnt at the
f comird &% %tb‘iirft 3 SttdhmcHTRY ihBExidi®r, aﬁ%%fa'nbhlﬁ* ?éctlbﬁ)@r of height h

bal ance resonator spirajl

i ?@gﬁ%&U'For(rgtj‘%bwawne&rm&weaonemrawe poiopR anepd outside the

b#herofce pertedt spikdl, sai d sp| ral (10) being formed of a

"o bet BeetP PR E B Prderklr it R0 gl S br ne
blimginsesses teguiary inbtileantsidecurve (14 ialvarts thenidsidé cuive (11).
out si degcug ﬁﬁal%&rdigﬁ‘é aﬁnsleﬁﬁ'érﬁgteh&cf |H?h§%@g%'$oﬁ&ween

(6) or to a part se er et aracterise
t Higrtugnsedect Qﬂsﬁ§ f%"bﬁm theqputside Fyrye &14ttewayds theninside curve
|(rs||)de curve (11) to the outsi de curve (14) and have,

over certa ortions .co et ween. t.he .
oLt ookt SRrAHEo g6 A 35S bRl R i tection s of
t thet thmsdmdreasasrandahe pitthatyd deeneasecrorithe sitsidefcuhel (gt towards
htheﬁﬂgdé‘?l Ongjlfs)or m t hi ckness e, and/or include one or

nore por haped outside the 10 line of a perfect
spiral . 2. Swlra@coramdﬁ@lafrg 1 ehareeferised indiat n efdbie inside
| BukB Y 1 )H3R =SI8fdek 88ctioh thé}f thiab6f thé 'édf ohfiR§ %ﬁ‘%@ﬁhe other turns.
regularly fromhe outside curve t.oward

i nsi de Bur veirglpegording to glgim 4, charg P ‘?ﬁjgmt“?f’t@l %HW'ﬁriof the outside
cbawvac¢tHrhasedarger ‘Békﬂbnttm thiat 6fthe ptripdeinieg all bhetoiiarsurns.

Covar ds 7t nePTa]eRhertiG G e s AP, Sfartled h et g parign (12) of
t thedhsiflersurfe §ht) ad acpertion (16) obthe dutsidehairve [t) Heee adarger section
&anQﬁat df t't\fer:’étH ‘ftﬁniir%él?@@ﬁé oftiaf tJr}é' pitch "p”

ecreases e curve tovvards t he
i nsi de 8ur $8irgl gegording to claim 1, charactensed in that the inside curve has a

Grossmann type configuration.

9. Spirat according to any of claims 1 to 8, characterised in that the inside
curve (11) is extended by a self-locking washer {17) formed at the same time as the
strip and acting as a collet to position said spiral on the arbour (9) of the balance (8),
thus allowing the distance and orientation of the point of origin of the spiral of
Archimedes to be controlled with respect to the rotational axis of the balance (8).

10.  Spiral according to claim 9, characterised in that the self-locking washer
(17) has a thickness greater than the height “h” of the strip.
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5. Spiral according to claim1, characterised in that

a portion of the inside 20 curve (11) has a larger
section than that of the strip forming all of the

other turns. 6. Spiral according to claiml,

characterised in that a portioﬁ“of the outside curve

(14) has a larger section than that of the strip

formng all of the other turns. 7 Spi r al according to

cl ai ns har ac ised in at a

ot * 1 ndTr nbfesa ff GlePilaElinBia st abig ey agpriat or
outystadlmeonateaal( 4al) spical bemglfampst of sesingle strip2d rédtamguldragection

Ofna{ring a%‘h'tﬁlfgﬁﬁ Eﬂlﬂ%e% % aﬂzlloi‘ B&n@ﬁ%ﬁé oﬁ%‘épﬁo{%urrﬁﬁcﬁigﬁs shaped

accor aracter|l
c QHWeﬁﬁg llae ota pedertsniralygharacieniseguin that dreongsts gppiching said plate

a@mgdh@eeémédwmfr oFih@'s?ﬁaI]bytrﬁ%%se&%M erised in

t hat "t
ol 1 -1 48k NP REManeiepiiog Aapedl onHeakali SiraklomRed of a single
t lsmp &Geaémgqmrwedta@cmam @ao@uﬁiﬁir}rﬂhlck@essclﬁaﬁdlmrlilng one or

P8 i RetrlRia 2bdied aliche Bls By BHeBREC R cnpfBtrise in that a

omqyidwls dérmeaebystpe LiBA methw cchrraspde@ng to he desined cdriteur of the
galpal f&ﬁﬂg&f thb?nétQﬁ:r agbﬂs' ERALY t@§ét§ Sﬂful he bal ance

Eira accor to claim aracterlsed in
Chai 1A% o anLfastiene gnethiathascording fo A 12 (oAciRssed in that the

O FrRA4I F atl@a@ aHB@d beembtropidfingdf the strip. -8 11.

aror phdfs. crtrmdfied sideiitaro SaR T EhAiaitsed nnat the

f aveta adr aﬂoyals:alddgdl i the form off nanepariclg womdesthat ismompressed, and
hﬂ%h@ﬁ18eﬂon uni form thi ckness a and/ or conprising one
or € tuf n portions shaped outside the line of a

perfect spiral, characterised in that it consists in
etching said plate 5 along the desired contour of the
spiral by neans of a mask. 12. Method for
manufacturing a netal or netal alloy spiral fornmed of
a single strip of rectangul ar section having a non
uni form thi ckness a and/ or conprising one or nore
turn portions shaped outside the line of a perfect
spiral, characterised in that a nould is fornmed by
the LI GA nethod corresponding to the desired contour
of the 10 spiral, and that the netal or alloy is added
to said nould. 13. Manufacturing nethod according to
claim 12, characterised in that the netal or alloy is
added by el ectroplating. 14. Mnufacturing nethod
according to claim 12, characterised in that the

nmetal or alloy is added in the formof nanoparticle
powder that is conpressed, and 15 then sintered.



