Case 2513PCT TR SPI RAL SPRI NG MADE OF ATHERMAL GLASS

FOR CLOCKWORK MOVEMENT AND METHOD FOR MAKI NG SAME

Field of the invention The present invention concerns

a bal ance spring for a tinepiece novenent nmade ofase 2513PCT
speci al glass and by a nethod that makes its TR
mechani cal properties, and in particular its Young's
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BalaAbE &pring relies on complex metallurgic processes (wire drawing, hardening,
annealing, etc...) that do not guarantee perfect reproducibility of the desired resilient
properties, such that it is still necessary to pair the balance and spring during

assembly.

It has also been sought for a long time to replace an alioy by another material
that does not have the drawbacks of metal. CH Patent No. 307 683, published in 1955
proposes fabricating a balance spring in glass with a silicon content such that the
value of its expansion coefficient is practically zero without it being necessary to add
any rare metal. This Patent does not disclose how such a balance spring is made, nor
what influence it has on the CTE.

A more recent document, EP Patent Na. 1519250 discloses a sprung balance
resonator that is thermocompensated owing to cut and structuring along determined
orientations in relation to the crystallographic axes of a quartz crystal. Only qualified
persons can implement such manufacturing. It will also be observed that the



resonator that is them oconpensated owing to cut and
structuring along determned orientations in relation
to the crystall ographic axes of a quartz crystal. Only
qual i fied persons can inplengnt such manufacturing.
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It is clear that the second and third masks can have common aperture zones,
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CTEo to a value CTE2 over only one part of the height
of the coil, this step preferably being perforned at
the sane tinme on the top and bottom surfaces of said
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- Figure 1 shows a glass balance spring;
- Figures 2 to 6 show a top view of various ways of altering a selected zone of

the balance spring,
- Figures 7 to 9 show the steps of a first method for altering a selected zone of

the balance spring;
- Figures 10A, 10B and 10C show the sections of three different coils altered

by the first method;
- Figures 11 to 13 show a second method for altering a selected zone of the

balance spring, and
- Figures 14A, 14B and 14C show the straight sections of three different coils,

altered by the second method.




the bal ance spring; - Figures 7 to 9 show the steps of
a first nethod for altering a selected zone of the
bal ance spring; - Figures 10A, 10B and 10C show t he
sections of three different codts altered by the
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According to another embodiment shown in Figure 4, it is possible to alter the
initial Young’s modulus thermal coefficient CTE, over only one zone 11 of the balance
spring having a width I' less than | In the example shown, zone 11 is located
substantially at the centre, but it is clear that it could be provided in the thickness of
the external surface of internal surface, or even in both at the same time.

Figure 5 illustrates another variant in which the Young's modulus thermal
coefficient is altered from value CTE, to a value CTE, in an external zone 11 of width |’
and to a value CTE, in an inner zone 12 of width I, these two zones being joined.

Figure 6 illustrates the possibility of having, in a given zone of the balance
spring along the straight section, a value CTE, in a zone 11, a value CTE: in a zone
12 and a value CTE, in a zone located between zones 11 and 12. Other possibilities
will be illustrated in the following description.




be joined. According to another enbodi ment shown in
Figure 4, it is possible to alter the initial Young's
nodul us thermal coefficient CTEo over only one zone 11
of the balance spring having% width I' less than I.
In the exanpl e shown, zone 11 is | ocated

substantially at the centre, but it is clear that it
coul d be provided in the thickness
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arranged above coils or coil zones 11 whose initial CTE, one wishes to alter to a
determined value CTE,, by UV irradiation through said windows. It will be observed
that these windows can be provided only over a part of the width of a coil. By way of
example, window 5a has a width |, substantially in the median part of the coil, and
window 5c has a width |, on one edge of the coil.

At this stage of the process it is possible to carry out the etch which will allow
zones 15 to be selectively removed and the release the coils. This etch is carried out
in a conventional manner, for example in an approximately 10% hydrofluoric acid bath
at ambient temperature and under ultrasound.
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both. As previously, this method is completed by a high temperature thermal treatment
in order to embrittie the zones that have just been illuminated.

In the next step that is not shown, the illuminated parts are removed by acid

etching as indicated in the first method.



bal ance spring. By selecting appropriate W

irradiation, for exanple an Exiner KrF2 |aser at 248

nm and by controlling the exposure tinme, the Young's

nodul us thermal coefficient-éan be altered fromthe

initial value CTEo to a value CTE2 in a zone 12,

which only penetrates part h' of the height h of t he

bal ance, sprin n_such case t, \,S

11 G echeh dtapa P my FRERy 14 QI TRAE0ls Sefb, oyt through 2
sscopdanasi 8 whagereinddes 8t f8drie mllsdvafmetapllrmaeSsldc\fv\h%ﬁ! Young's
oL g thShd RbeftbibnQli Itl:téeal&%é ﬁ'on'nLl%e'v%ll&l @"FED H‘@tTE {tpossibly by
"QUURB necessary Mo ln

parssngbet a mreplemgatgéy wghﬁwmrﬁ@r@ Fheémevfeqtmeuh nati on,

once hD%s | S &aifdHal H&sl@@s a8 QABWATY Pigere 1B, aﬁdalsy véging the UV

make fin adj ustnent of the nd_t her eb
HeIneren MGyionk] el oundaws oL 4L 9| GUrJeIlE DPUaeBRY 12 of the
PREHERGPHRG T8 WhichOgheaviduriy's edddaius thewnbiecoefficient will have been

I d al b
455 Sl B e PO B A Bl bl i e o
Wimb%loowmﬂbwdones of maskaBiang 9 h@ntléfatsm isghe ﬁé’ﬁ% far ayindows 8¢
?Bd tgge he Chﬂﬂi’ ﬂggu' s/ mayj b¥ & fe@te@l ﬁ@%&ﬁﬁi&n@nté@%éﬂ fMperature

0 aC| bstrate is for exanple a ceramc
pleamel treft@entl ance spring is then shaped by W

1 Umrpﬂtlééi%tédqﬁﬁb'b@hma:l@ﬂ%lé 171aV$H@IS’ﬁ4b \Ahéldﬁmﬁcg apnﬂdms separated
correspondl ng.to the Er aces etvveeE ﬁ t)ts r?e'?idwuth the
{lRDs BUPSYRIR) de "bé'?'?sexa@!’ APiiset ARl APNTRal 2R REBLPPGY
tdupebleanogiuepr iCTE, ACTEZCTEe SEER, ha), s@TERICGTH aff!G  14b),
@gﬁ;@a{éﬁn&sk 7, it is possible to devise the
'he bal ance spring with a variable pitch

pa, PBy atiog on tie shape obtheabasksvang(ar the numper 1@reof those skilled
H fhe: art 85dn @’b\tn ﬁﬁn‘éﬁ Qaridiits Rﬁtﬁé!ut%é?:'a)’tlngtf%rﬁ tF@%B@& d:ofsthe invention

COTTD| tenperat ure hermal treatnment larly th
&7 ifoprov® temprechenicalAierTHhee! s Srhalange SATNge 8RO particularly the

kddidtahdithBfbof ltehipRralgret vasihfighs! Waichizpe detrintantalng isbbleronism.
illumnated parts are renoved by acid etching as
indicated in the first nmethod. -7- In the next step,
shown in Figure 12, W illum nation is carried out
through a second nask 8 whose wi ndows 8c, 8d, 8e wl|
define coil zones 11 whose Young's nodul us thernal
coefficient will be altered fromthe value CTEO to
CTEl, possibly by carrying out a conplenentary high
tenperature thermal treatnment. By using an additi onal
mask 9, as shown in Figure 13, and by varying the W
illum nation conditions, new wi ndows 9e, 9f, 9g wll
define new zones 12 of the balance spring for which
the Young's nodul us thermal coefficient will have been
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altered to a value CTE2, or zones 13 where it wl|

have been altered to a value CTE3 if w ndows, or

wi ndow zones of masks 8 and 9 coincide, as is the case

for windows 8c and 9e. The aBtered zones may be

subj ected to a conplenentary high tenperature thernal

treatment. In a last step shown in Figures 14a and

14b, the bal ance spring is separated fromsubstrate
H | A coils or coil zones have been

obtained with the respective values CTE, CTE3/CTEa

FIG 14 E2/ CTE1
Eact| ng! 2) olass iﬁ@gge 8§rlqgngr ﬁa')"l? i 5& ﬂﬁgé&@% nefdht h and
Ibbﬁry@\fv;dtﬁ Ihevbereirkit Isl reade oiha ph@oatmctwahle@agsg@qypﬁ@pkness has a
04 B3 2 d AU ISR el R MIcldAE (OPEREIORE 16 Béto.

e mech anlca properties

rove
9' ass Bal ﬁmﬂ'asﬂgga‘ﬁ@ce sitngREeeiting taraldimh dvhergia P@f’sﬁ&&a'am
%ﬂ}ﬁnpetﬁfse{eg Jdte‘dﬁﬂ %ﬁééihﬁéileVaﬁf éIeréd)%ung_ﬂl;@ hdauriehermal coefficient
i men a o I.sochr :
@E|H§§tlb%f.0dﬁﬁ\génl'§% ,cpﬁ cpa} Q.ITIZ-[8 H@EA @ggasﬁlgﬁﬂe/ﬂ% e gl)|§sslvsed said
Qfer@l%rﬂ%sndlolﬁtamed log €A/ irdadeation didssibly eumepleted biyta l‘hlsh temperature
eaqtaéepﬂngﬂst ructurabl e gl ass whose thickness has a

d a Young's nodulus thermal coefficient
( CTEo) 3¢l tbeglass balaoce Sprinfraccgidingstoniaians avherein iip alteration

ﬁ&%‘t‘&ﬁé g d‘l‘ﬁ @ '.?Jrlggd]wout‘f@re&% &t s%lvlara%oﬁé!&fbﬁé Bélﬁﬁ?ce $pring, over

Spring of se col |l zones have an al {q 1#1 $ val

m@antlcﬁswwﬂeefrtae cebdhe CIE{each epne beipg2ais 19 21% o ﬁge“ values.

' Im tial C‘Pﬁé f_:;iaQ!; Bﬁlhnfégﬁ?ig él‘fcgf&rﬁg Rh4iAs2, iherein die alteration
ass_used eration, bejn

PomeaThn PGTE, Rsered oy patt BLrByvaR RSt Ll anlls ceilzone

beiny ableadthapatifferent UTE gdlass bal ance spring according

t 0 Cl agm ip?m’% ga@n%‘;@p r?t&%gdsl to &Qn{ 3 Q«Fﬂe‘FJ ﬁ‘?hé Qlteratlon of

i of 0 era zones
Ba‘Eamrsqm‘ putgpvenondy one partefither keightaf Hﬁﬁ""ﬁhe COI I

the CTg %q,ﬁ%%g lbé%ﬂ@e Qﬁ' ifdPaciding ® Hained, diiiereiheme coil zone

val ues. ass ance (Sér?n“ ng accor di ng to claim
calyhiecites meee Hep dvadifierentciEm CTEo to CTE; is

carri eg Oﬂtmé’t‘!ﬁSH oPmahufattukifg avdlaksbdldrerecspling fdvea trnepiece

|
o ol et AL L R B o
Wagheg betwiden tl@érh arpitch @nwhéreirOT Eoiudes diae stepsiobut over

onl'y e o dJ?SﬁuggﬁasgfplétE%f s fwnbBe v8LAPS

bal an& cor erern one coi
rodelus| theraial yoefﬁ@eer‘eEEmp@SPh‘aﬁefPV\o different CTE.

b) carrying out UV illumination through a first mask (3) whose windows (3a)
correspond to the spaces that subsequently have to be released between the coils;

c) carrying out a high temperature thermal treatment;

d) carrying out UV illumination through a second mask (5) over coil zones
whose Young's modulus thermal coefficient one wishes to alter from the initial value
CTE, to a vailue CTE,, and

e) carrying out an etch to remove the zones that have been treated in steps b)
and c).

8. The method according to claim 7, wherein a thermal treatment is also

carried out after step e).
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7. A nethod of manufacturing a glass bal ance spring
for a tinepiece 20 novenent, formed of coils of
rectangul ar cross section of height h, of height I,
and having between them a pir8ch p, wherein it

i ncludes the steps of: a) taking a photostructurable
gl ass plate of thickness h whose Young's nodul us

thermal coefficient CTEo is close to zero; g % ast
Ut Vi | s ethadaecormi i 1 e reia SIEP(8)* (RRBaled & feas

%cgs‘iﬂffﬁaﬁ tgléﬁlutlcr)]r?a'i ncaskr(smm Wlﬂd%\hﬁ(wm acreespohd o coil zones whose
supseqguen ave Se

jtaL %PuRg HEogHs Shar SRAPGENES AP A CTE:

d) canoyi mge melthdd\/actdol'dlmg teatlaions, tiwhegeig istep dde matﬁgsa; least
S oy 5 0 50 £ s s
@T@Eb Youngs wadulus @TeEMal a@afﬁcamt@edmh%ﬁ R @iter o yaleR EifE-

tor eW“P"eTB%‘_ﬁ'l ﬁcc&ﬂﬂﬁ g RPMSInPE Siheréif Qﬁ&ﬁedoﬁd&ﬁﬁks(Sbénd the

and c according to,cl
Bkdionsl masks dEhate qograTLWIncew ZBnes s aona e R Y olpd's
m%tiqus tﬁ%a{l@ééﬁ&eﬁqs QANAIROCTE,. ::Ihal m 7, wherein step
e eas nce Wi

( 6) S\/Wﬁthaé’f f"@&)‘ 'P@?p%?ﬁf t%aaé)a dﬁphh@nes %&ﬁﬁece
maivbmaht féeraad) o cail i rertanguiarrcadssceefidn of height din ef wWidghleand

| di t
b bEwef Bert ¥ e s’ Rheretn inbileg B GepEE Y 1 P9 L0
wi t h ahfixioglapiaseaf thirksrsy motoatw@rawﬁ Qlars plasepf thickness h
Wﬂgé? ¥BORY's H?Jdﬁﬂis'thérﬁ{h? Sodhee® CTEY i§ cRbe ¥O£818't6 an acid etch

us thernal coefficient one wishes to alter to a
(efisiantepbstrate) . The net hod according to claim9,

wher ebicarhing 8Gtand |Iiﬁﬁﬁﬂ&atib5)th|a$dh tlfiest naehiti(7) u;heae wmdh\;vs (7a, 7b)
ave Cco zanes Il At he i nit

&8%91816?3%%?% a(sﬂgg \rﬁéﬁﬁ SPAETY tfa)%t\lugér[ ﬁ’t oéag ‘val ue CT IEg

10 12c) éarmpitdhoat aofighteraperatune thegmal tegaimsnthal ance

Spri ”%&?@@Bu{%"étﬁﬁ ©f thel olﬁqﬁgfedfzeﬁé@@xr&fghcmé Nﬁnd&us of the first

rect an sectl on
Ivsask iy otsier ieeaparate theceilstheid pn thgrRuibsirateiva ﬁhﬁaaaa é'%er??f‘e

stepsg ?Earr)?ﬁ Bbtxé Q&coﬂdﬂ.‘l\?‘ﬁl@nﬂfatlbh kHrlsigsa second mask (8) whose
phot ostruc

WorsgecBhcil BaboaTRERER & bt Frer afese Y8 § machlLs gmal
éﬁéﬁc’éﬁt @ Wishés & diter frdm thesnisdl aalue i tto atvajueb§ TE,, and
car ;g' e 3o AL B el lbsttatel st Sk (7)

The method according to claim 12, wherein a thermal treatment is also
carried out between steps e) and f).

14. The method according to claim 12, wherein step e) is repeated at least
once with an additional mask (9) whose windows correspond coil Zones whose
Young’s modulus thermal coefficient one wishes to alter to a value CTE..

15. The method according to claim 13, wherein step e) is repeated at least
once with an additional mask (9) whose windows correspond coil zones whose
Young's modulus thermal coefficient one wishes to alter to a value CTE..

16. The method according to claim 14, wherein the second mask (8) and the
additional mask (9) have common window zones for altering the Young’'s modulus

thermal coefficient to a value CTE;.



have the sane contour as the free spaces between the
coils; c) carrying out a high tenperature thernal
treatment; d) carrying out an etch of the illum nated
zones through the wi ndows of -the first 20 mask in
order to separate the coils held on the substrate via
the base thereof, e) carrying out a second W

illum nation through a second nmask (8) whose w ndows

(8c, 9d, dbp mathockagnording to ¢laim 7. anrrsinihe swaskyged (% 7) for
@eﬁmhgl thd é@&&[ﬁllof th@qﬂédc@ Phhg ﬂ'{bﬁJd%Wﬁ&\Jasgoﬁbé@hgftﬁé’ Bitch p

the 1hitial Eo to a value CTEL
§§B%ﬁe&tthﬁ§°'{sr@dﬁﬁlt%'é’@t@b‘thFF‘g?ff romthe substrate. 25
13. Thaamarhb PebtREE fEodrdifg toclgial Znwhdreinhied iask ased (5, 7) for

reat ne s.also .carr out between s :
RS e PR T fleR o s o B A Py b R itcn
befveenrths teifs anx/orshe oiuittat thdresf. | east once with an
addi ti onal mask (9) whose w ndows correspond coi
zones whose Young's nodul us thermal coefficient one
W shes to alter to a value CTE2. 30 15. The net hod
according to claim 13, wherein step e) is repeated at
| east once with an additional mask (9) whose w ndows
correspond coil zones whose Young's nodul us ther nal
coefficient one wishes to alter to a value CTE2. 16.
The net hod according to claim 14, wherein the second
mask (8) and the additional nmask (9) have comon
wi ndow zones for altering the Young's nodul us 35
thermal coefficient to a value CTE3. -10- 17. The
nmet hod according to claim?7, wherein the mask used (5,
7) for defining the contour of the bal ance spring
i ncl udes wi ndows for varying the pitch p between the
coils and/or the width | thereof. 18. The nethod
according to claim12, wherein the mask used (5, 7)
for 5 defining the contour of the balance spring
i ncl udes wi ndows for varying the pitch p between the
coils and/or the width | thereof.



