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 tinepi ece novenent rmmde ofase2513PCT
speci al glass and by a nethod that makes its . TR
mechani cal properties, and in particular its Young's
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i nfluence of variations in ext ernal conditions, in

particul ar tenperature = T4) Wﬁ\tférﬁl ohi el d, on the
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acting on the construction and choice of materials.
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further containing an interstitial doping agent
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It has also been sought for a long time to replace an alloy 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 No. 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
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persons can inplenment such manufacturing. It will also
be observed that the -2- crystalline nature of quartz
makes the bal ance spring britt]e under shock causing
fissures that propagate al ong“the crystalline planes.
Sunmary of the invention It is thus an object of the
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repeated with a third mask, and with UV illumination characteristics altering the initia
CTE, to a value CTE; over only one part of the height of the coil, this step preferably
being performed at the same time on the top and bottom surfaces of said balance
spring.
It is clear that the second and third masks can have common aperture zones,
such that the initial CTE, is altered to a value CTE; that may be different from the

preceding values.
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such that the initial CTEo is altered to a val ue CTE3
that may be different fromthe preceding values. -3-
In a last step, the zones between the coils that have
been enbrittled by W and thedmal treatnent are
renoved by etching. According to a second nethod, a
glass plate is fixed to a substrate resistant to acid
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I e ast sto Do pbiasn i gk 58t BhYARn, Aeritied by UV
tahs%érﬁm tr@é}ﬁmlehh% refiode@ by b:jd\[mg At the end of this

step the s are e i

subst lpgpgdiqgr;oeﬁ schaétr\?egﬁ%c} faoqlséé \APIE{%'@ leeJ! Ed”{lvﬁibétl%té Ristant to
iakidUstEAg iadd the balance springuts firblr mndabhﬁ@@nmggeﬁrst mask, by UV
\W) e liataR> n%o ﬁ'&gﬁ-ﬁﬁqﬂéjath? ?ﬁd theﬁ%etﬁhﬁﬁeAqﬂze e@cﬂ@f this step the

I'n a t he bal ance i
rceilseaﬁeesbpafatembuh eersaip dinke @ @ﬁcﬁuaﬁtrat&dm FOREH e Ph%w'"g step.

UC)F "f\ﬁ.l?nﬁ oﬁog %ﬂéad BE( tipbagd at ﬁaﬂbwoae @@rtacéél tarmspbnd to coil

0t
r;enesa witose CIEdPa? m%stt}qéu%gﬁﬁfaf %ﬁ(ﬁ’ﬁ’ (the balips SE} iffg lsreleased

%@H PO Rstratl sv¢d BR RUdEbnAlRerGEE treafrtent cealdhbeperformed to obtain
IumnatlocELé%;or alfterl8 CTEO, in both the first and
tﬂﬁ'ea‘@g@Bﬂba meat f AR G578 ng to another aspect of th

i nvent|f ﬂébestam irisspossittadtat perthei ancaddiionat mq@glrtr%ﬁtmpﬂteto obtain
b acgﬁ "{”ﬁg mﬂg%e?@ ]pf‘ltlﬁj’cl?ﬁ I‘.:lﬁ&de P URiurhiRStidH fok Ritering CTE,, in

€ cobli'ls along said bal ance
dpith the fost and the se¢andmaethedi | zones. According to yet

anot hef .3 to QhothBR aspe@ndfi me mVérﬂlohh(ha: hszskeuseﬁ tandefine the

appropri af&?ﬁ:a di ation source, OSS
taeatanT 26 theybalRNGe FRIRGLEATLASP 8 lf?&dgfﬂ? A4 fichs ’Q{";‘% width of

3% ﬁoﬁvﬁbné‘sﬂé bblaﬂ&e bvingeri @fﬂetbdnaned)éou Bmeef

ag\s/g:]lt/gtd:egcp of?thge @lgﬁrn%% ?t; tﬂeea}ﬁﬁnﬁﬁn aQQ the_choice of an
Cdppadpriate raclidmanfsomoewt gy pokside tqaaitamh@pTﬁa,IQC@Ug in the entlre height

: IFQOdl n’gpf §n19 ovg p@%eq{eldmmerééfm ting

ence to the annexed draw ngs,
in V\/nl ch: - Fi gure 1 shows a gl ass bal ance spring; -

Figures 2 to 6 showpgget @scribfion offthe ardwibgs ways of

altering a selected zone of the bal ance spring; -

Figures 7 to 9 show the steps of a first nethod for

al teripgen festuRRt 8Ad Zavantabes tdﬁetheamam ippentiog; will appear more

b L b Bt Yl SRRl 57 vy of o
Firgiting Bludtiation, WBh sdfernence mewemnmwemras Wwhithing a
sel eCt.eEgﬁr%”‘Fsl?stts‘Slass 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, 148 and 14C show the straight sections of three different caoils,

altered by the second method.
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bal ance spring, and - Figures 14A, 14B and 14C show
the straight sections of three different coils,
altered by the second nethod. _4 Det ai | ed
description of the invention FFgure 1 shows a top view
of a bal ance spring nmade from a photostructurabl e
glass wwth a | ow Young's nodul us ther mal coefficient

CTEa. A very large_hunber, of . .t 0 s i s known,
whose silicate bas tall el F'Veq"lt'glﬁte certain
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is c

at this alteration t.e f
i o e s AP, B BRSO trermal cosfcin
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initia 1Us coerficlent
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afdFher enbodi ment shown in Figure 4, it is possible
to al t g§ shB®n ih Figdral3, Yolsngss passibleuws diteetimainitial Young's modulus
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sur f acégcasding e @npihen gmpogiment shawmin Fighee 4.0 [ passiple to alter the
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T Boing A Mot LR Bl SR g 11 s tomtec
| 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 I
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.
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and to a value CTEa 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 bal ance
spring along the straight sectjon, a value CTE, in a

zone 11, a value CTEa in a zone™ 12 and a val ue CTEo
in a zone | ocated between zones 11 and 12. O her
possibilities wll be illustrated |n the foll ow ng

:j(nelsf Ir ia t@%&g tﬁ?’s Fﬁééd CE gft%th%ﬁﬁiﬁ &a@grphb&ggucturable glass

|uneda aneyinr way ceeales aptopmmsed aamrant% IQTE toTebtaip 2eprang balance
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t e .
Ror or S SR Mhh B8 MRBR 38 Flouie T 1916y desiibe 5 frst embodiment
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ol ass PG THom (2, 415 2R0E 1y ey B0 igtel sunp §moaiLe' therma
tcoefficieht CTEg &ihd &i thicknésEHo thmb thay behobtaimed bytmadhiningrand pollshlng,

5 AR5 R A A8 4 4l 7 i 3 e

iwindtwsuBa 3b, eitiskargariged| ahdwe the m;urwgr gell zgnes whose initial CTEo
%n@aﬁﬁﬁgﬁgoé@rttgea Q:%'térﬁuﬁé’d QQIhE G?Eesbylll\}’\’ﬂ?aiﬁhtlon through said

init W shes ter to determn

windrwscHewill beyohgerved; that hese w're%fgﬂv Qs.nﬂov'%%wn'v a part of
Ithe Wldth b &Ise ?\(ﬂfi( 6ﬂ6¢arﬁdl€8mnub\n daviras@widie |psubstantidlly in the

I h_of
Sl Bart 8 i Pyt ndo o s 8 v ch ahaiedt o the ggi. n the
%‘Eep’rmbvaﬂmpﬁgmreefs arte9 cmasks 4and Giinclode @indows 5a whaselaperture is

%cggéhegg e%f 1§ “%K%gyé h&%ﬁsﬂth{ ¥ be rénig%hl 'td; obtain the space
vthatseneamshesrta have betweeadthebeails, zenésp@ phwhichaipethis example
TERRRAUBALGN vBR pARDHRCLAIL nadhg plrifBn SRARE ! ha

one ws hav etween the co

wieclV iradiatinnssasieapsed denepds HROR Biesabserptiep b@!)ép@the glass used. It

e fd?teixainbﬁ & oM Iﬁmbiﬂ'ﬂdgg sﬁeétfhl fer'iBUtﬂtoﬁ'pbalk is la&itgdn belgbéen 200 and
ation squrce ysed depen on the_absorption ban

(408, . B 's S, Besioie o ek Frgingr Sitnbe of FaRHdR 506 3808 Eximer
X} laskr Whode emissionnpeakdk 308nmponKet) HavingeamedBSionmkak of 248

4"5'8 nm It is also possible to use another source of

i ati on, such as an Exi mer XeCl2 | aser whose
en ssilortheaext step3@dinh isonotigton, de photestrectureblecgiass plate 1 is

%ﬁc@d K-S high'femperature thermal treatment, of the order of 600°C depending
upon the composition of the glass. This thermal treatment makes zones 15 that have
had UV illumination easier to remove selectively by subsequent etching.

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% hydroflueric acid bath
at ambient temperature and under ultrasound.
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30 In the next step, which is not shown, the

phot ostructurable glass plate 1 is subjected to a

hi gh tenperature thermal treatnment, of the order of °
600C dependi ng upon the conpogition of the glass.
This thermal treatnent nakes Z0hes 15 that have had
W illum nation easier to renove selectively by
subsequent etching. At this stage of the process it is’

Donas 16 9180 R cAmf ot i Addibfiatinetma iddiinerPtq obtain an
@gdditignal gdjustmentiofithe altared 6(]' Esut in a conventional
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98 $hows, A gone L1 f width Jy 'glapﬁsoéfﬁmaé ncaltergd 4o, CTE4 on
%l”thﬂdﬁidé Idﬂtﬂb zfoheé 70l whdseaihanCTER hab indt beém altered. In Figure 10b

S Rl 3 A bk o S M e 80 con

i deagihatothen sonf igtirajione with altefedGTE zamescare Jpossiblei dépending upon

gﬁ%é\‘i‘%ﬁe R drtfe Wi‘ﬁdo% St Radics, %J tﬂaﬁﬂgﬁceﬁf %u";’atﬁin IEE% concern one

ose inrtla
&oil gorsy severamlar@rtmelsnmmalar@eépﬂm ed to a val ue CTE,

over Ofédiirde, lidis| goraibrd pﬁbloﬁ:ecérﬁﬂﬂ&Suﬁﬂg %téﬁ‘ té ti*;ﬁbj@@t' éoﬂs or coil

is dear that other confiqurations with altered

ESH%"S to ARotheE Wivihlluminatiom tiraugh pdnask whicghinglais %?F""iFH%- °°mp"595

\WifLveS hé&flngm@( same aWigtht d¥athet ﬁmsbeosbﬁhgg BY ;’sﬁle&ﬂng@)&pmpnate uv
r’the

IERiied. 3BF enpley 0 EXIBRT S0+ 1psarcats 248 p By qciprgiing the
@xposure grrmuthd Heurtg‘.’s: h1,od_tllus Shérmattoefﬁclém can hecaltered fromsthe initial
tv%lu@r@‘" o Waiu ﬂ;é 9%%3%@%!'9 rggip%élhtg@ %R 'of tﬁe e height h of
ake balenmmmge sprl ng By sel ecting appropriat e UV

i rradijgisy@R . cake! |t qs‘%&irﬁolé‘ﬁo EifrRAte thE ZbdIaRar sﬁﬂngzéﬁ both faces
nm and b contro exposure time, the Young's

pias shawni| '9}!581‘ Fm ent can be altered fromthe
I ni ti af oddwishes o mBERe sueh an\ditetttiok Forali of the 2001 it istvlezn that it is

36 PrEeseay & BRveEahtmae 1S (Bohiaspis o enyiags; matgting this UV
tilhmmatimamceuhe risalancebspringd hae beeh mowrdéd as cstervio make a fine
AgUSifork 3 nd CTR YR fiRleBy B Feqener. "Y' 7' %501 Lot

necessFaat;resmhm/é%nlsttratﬂ«a second roansfagieding methacdrand a certain
%Hb%?gf VARBAL! Wh[bﬂ éd“di& aldy bd bbbﬂ@dn@t ﬂh@r\"rstoﬁ‘ﬁﬁuohh% a first step

bal ance sprin been nmounted 1 n order to

PN L EjaRER Fora B#s PRI LPLINGKNERS B IRvIIhe FAiRs ndicated at the

fegniigc is fidedds atbdttate @ rédigtant tolsdid efching. Saisstrate 2 is for example
manuf act yring nmethod and a certain nunber of

AfarameP a&hich coul d al so be applied to the first
rret hodhel balandei spsing 3¢ then shapechby\dVi illurfingtiorethtdlighza mask 7 whose

i IcgnéfggF ZP Pﬁ{éestp%h&hﬁ%sthg fr8&'\dpaded BEtviRA! HeCEoils and whose
opaque parts determine the planar contour of the balance spring. As can be seen, by
selecting an appropriate mask 7, it is possible to devise the contour of the balance
spring with a variable pitch pa, p», €tc... with a variable width Iy, I, s, etc... or with
both. As previously, this method is completed by a high temperature thermal treatment
in order to embrittle 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.



beginning, is fixed to a substrate 2 resistant to acid
etching. Substrate 2 is for exanple a ceramc plate.
The bal ance spring is then shaged by W illum nation
through a mask 7 whose w ndows™ 7a, 7b correspondi ng
to the free spaces between the coils and whose 30 -
opaque parts determ ne the planar contour of the

bal angg, ,g)ﬁé{{gstef‘%h%ﬂ@ |P?~'|%ﬁ8”12 rtﬁﬁrlngi%bﬁ‘gs ?ﬂ'ned out through a

appropri at e
SBTRLmagk & Waossaindews G5 Bn 86 il Hefney ol anes £ whpse Young's
IPfrbduRké thSFrﬁal coe‘!ﬂcie'?it %\an@é k8 fFMrﬂ'Hb llalue fatr Eoﬁo Otl':TE1, possibly by

previ ous I's net
EBEﬁﬂPSPéba 59m8'eﬁ?e§\‘ﬁfv Qméﬁwaﬁ@@ﬁ%‘?fﬁa* tegi@@tent in
or der ByQusaioan bﬂﬂlﬂoﬁél%mm??astdmtunhﬁ\ﬁgumsm aﬁ@by varying the UV
{IIHI um.nated. .35 In_the. ext

R0 Farc e, Betvo WinEWD okl 56, Wil Befie, pEY Higiess12 of the
_balancatsedng rfot kdnidhi thet Ynemgisdneduhﬂ H'termmktcoeﬁelpnt sfiohave been
SV S ahi ot o LU i el el Uit ore, o
windowso pewindowganes otmasks 8 anddo? gpinside has isethe case for windows 8¢

ﬁ@fgfe' The rHIteY!d Eorﬁe% RhY 8k afibfdcl g cHAIpiMéntES H@n temperature
0SSi carrying out a conplenentary hrgh
é%QHHQ"thernal treatnent. By using an additi onal

rr}alsk 91 aaarststw\mdown ini iggmeslﬂa amidhtty twebulange tsb@ngUM separated
umi.n 0 itions

ok FRARal 2 TE 2 SxBRRIs, B8, 4 SICEnes ha® past ahfeipd with the
tdseef:tmengvdumdtﬁ'ﬂ's t GEEEITEs oeFfG ci Bia), WATEACRER béeG 14b),

é/tq@éf(ﬁqa val ue CTE2, or zones 13 where it vvi I I

hav be tered to a value CTE3 if w ndows,

wi ndoRY Astiag; oa theyghape ¢f thadnapks Andiardiee nu@basthereofcféeee skilled
inCthe rNE\Eeise ofBH valfants Wﬁhéﬂt 8Hing RS tl"f@)éc&b% of the invention

upj ected to | ement ar te ature mal
By Bher s fhe iR T SR R BRI AP aih garticulary the
ﬂaeisxartdeehérebemaemppraturg vadatioPpawhitk dre Hétfimentd) &d isaditonism.
2. In this exanple coils or coil zones have been
obtained with the respective values CTE, CTE3/CTEO

(FI G 14a), CTE2/CTE, (FIG 14b), CTE2/CTEO/CTE,. By
acting on the shape of the masks and/or the nunber
thereof, those skilled in the art can devise other
vari ants wi thout departing fromthe scope of the
invention to inprove the nmechanical properties of a

gl ass bal ance spring, and particularly the resistance
thereof to tenperature variations, which are

detrimental to isochronism -8- WHAT IS CLAIMED IS 1.
A gl ass bal ance spring including coils of height h and
locally a wwdth I, wherein the glass is of a

phot ostructurable type including at | east two zones

(10, 11,
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12, 13) respectively having a different Young's

nmodul us thernmal coefficient (CTEo, CTELl, CTE2, CTE3)
in order to adapt the nechanical properties of said "
bal ance spring 5 selectively.82. The bal ance spring
according to claim1, wherein said at |east two zones
(10, 11, 12, 13) extend over at |east one part of a
coil. 3. The bal ance spring according to claim 2,

WHAT] IS CLAIMED| st two zones (10, 11, 12, 13) each
extend over all of said wdth. 10 4. The bal ance
spring accordi ng 'to claim3, wherein said at | east

!

zones 1 16 glass balance spring,including epilsef fieighbh and fosally 9 H%dth L

bulaieaéiﬁ theS@asdid of a- ph&&tl’ﬂ@du?dbl@ty’{»@ inoHiris atae4kt o kénes (10, 11,
ClLa sal

2™ recndstval pAVER RIS BULY g Tagylig reafil | BREM (CTE.
€ TEFCTHACTBS) dn oder twadapt thedmechanical paiperties ofibaiddialance spring
%ﬁ'egﬂ‘ge | east two zones 15 (10, 11, 12, 13) extend
oUe the other. 7. The bal ance spring according
t o cl ai2ns Thedraladcewpang accasding texclaime Aswherain saicbatdeast two zones

(1011142, ‘ﬂﬁ}exﬂeﬁi&éf ﬂgaﬁq{né(ﬂaﬁlofta%oﬁacr‘ other. 8. The
a s

‘ance i ng accor 6, wherein said at .
| east 3o Ti‘&r’f@!?""@f@”“& !CCOIQ'“Q 1%?'a@k?ewrﬁﬁ‘r%'q # leqgt two zones

Qwhl 10ﬂ2913)®é§h gﬂl&ﬂd%ﬁ}éi éll30f|sﬁitﬂ\’i:i'iltl'PzI sai d bal ance 20
sprin al angce sprin CCOJ n 0. a
ol i e 45 Thebalagive Spino Efamins T HRlL s, PogrSinia Hiegst two zones
1:rl]0 12, 12,#133) extendrubnaéqutigely aiongahe balaneksmig. (1) al ong
the w I Q.
ot he br A fefetos SHind 6aRRq T balbs, P EF 2 hdigin ifdbleast wo
zoness (10101, T2l 13lgacrn®)tevmd<owd>ne\part of seidewvidthrlet y of
said hgy gﬁ*herbalan%s %ﬁng\%&?or&ﬁb ?@Elﬁm'?ﬂr\hrﬁlél‘eﬁ‘ncs(‘aﬁ& &t 1886t tRo zones

| east two zones

of clains
((1% 11112, 13) exgy:l W%r@ﬂhéﬂfer one part of the
hei ght 7. Thé. bahrrceqaphﬁg beaorengit@amfncgs or &) WieTEinGRid at least two

t t th
FANERED. 4br 4, d5h BRePePAGRIS £A6 BPeE ne. precedi ng
cl ai ns 8. f dhe batanceaipring atdording ¢ biaipm 6 swherkinsssidiatdgadtéwo zones
I fio
{8 ety Bt Bl BN offer et (R st BRGH drSHalance
(GpOong.11, 12, 13). 13. A nmethod of manufacturing a
gl ass kal m%a‘m{de%nﬁé’%o&:r&hﬁ?@hﬁf& clﬁﬁl‘é%rﬁ whﬁe%ﬁfﬁgld at

of coils of rectanqulaf cross section o

upast v zongsd 1001l i1dg 19axipns aleng-the same @wkaesgs,%bﬁlem the width 1.
I toi nquUdameth%%ﬁngbcc@&Img & afgofthe precedlng clalms wherein

U AR NS T8 PE32043, edd odf ig SHEETBF sl peio .
CT Eo; 119- The balance spring according to any of clalms 1 to 9, wherein said at
least two zones (10, 11, 12, 13) each extend over one part of the height h.

12. A regulating system for a timepiece movement including a balance
cooperating with a balance spring according to any of the preceding claims, for
regulating the isochronism of said system by varying the Young’s modulus thermal
coefficient (CTE, CTE, CTE, CTE;) of at teast one of the zones {10, 11, 12, 13).

13. A method of manufacturing a glass balance spring for a timepiece
movement, formed of coils of rectangular cross section of height h, of width |, and
having between them a pitch p, wherein it includes the steps of:

a) taking a photostructurable glass plate (1) of thickness h including a Young's
modulus thermal coefficient CTE,;
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b) carrying out W illumnation through a first mask

(5, 7) whose wi ndows (5c, 7a, 7b) correspond to the
spaces (15) that subsequently have to be rel eased
between the coils for structuring at |east one

bal ance spring on said plate; c) carrying out a high
tenperature thermal treatnentg-5 d) creating at | east

one zone (11, 12, 13) using W illum nation through a
second mask (3, 8, 9) over at |east one coil whose

Young' s nodul us thermal coefficient one wishes to

al t eb) caroyimg bat UViillumination ithreuglT &irst mask \(5,] 1) aviosE Windowd (5c,

TR AR A Ry kTR 4y G bl
heceails doratmistuting gt leestons balarsespsingon saldplatesk (5, 7)
usedecf Qérrylﬁ“d él.HCat N%h f&nﬁéhﬂr@fhehﬁﬁﬁkaﬂﬂ@ntbm ance s pr | n 9

i ncl es ‘W ndows varyin

(e 8 Gipating aiuest one 2066 (L1, ARat Srusingl iminaton tyredh 5

sdébndImask (B?ﬁ esrT)meﬁat legst omeCeRil dvhase Yeulg’ ?hf@di!lﬁs Qﬁer%t r
a

c4HcEhi ord wabiae o ater franTRe inttal yoie B R 58 & v SV apnd

13 t e) ddrryingheutainetthhts reravedhe spaces [(t8)itkatddve been thesated in

the zone (11, 12, 13) over only one part of
sﬁ‘ﬁ%%éﬁ%ﬁl‘ h of the balance spring. 17. The nethod

accoildi nghe meimd adcording tesclaigr 1dwhereinthermask &, @pussd for
sin?ctur'ir?gofa?é 8led ar%@ nﬂ%ﬁ'ﬁltﬂgs Wog)s%@lmn?ﬁffof Varying

whose "W ndows corres

theRitch B fRaseb); %ﬂ th?&erl@agdfﬁbmru@dtgheanla;
coef i5ci Thé nwiod mc%hﬁﬁg teoclaiint €3 of P4, wherdinia tﬁJrE%l trédtment is

&3 hoLg Rcc rd| to claim17 wherein the first
gﬁﬁ%g ? addi ti onal mask (9) have conmmon
wi nd d)ﬂxl z®he mdilmd admaiihmga ariyeofichaiths dB t& 05 nghereinithel slepsd) is

{ t
shdfe@Blin SREL 4 GloBliing dofe (74 48, {35der iy o pAR B BRIt n o
tl‘@)balanoecsawmged out prior to steps b) and c). 20. The
et heg a?ﬁ@h@tﬁlﬂi é&oﬁ:ﬁﬂ FH ary &T'q’fﬁ?m&%ttt?ﬁ%éi&h@éﬂ”@) is

after st eéo 21 securi ng
rapiaiec o yast Bhée Wit 3 ALGoRa) Gpask (o] whasa Windews (e, 95 9)
cdrespont e theagil deesﬁ@hbse ARl Yourty' SindBullstiedmalloefficient one

wmg,g%g; Q,Et q?eF Vﬁ&]e | l umi nation I's achieved using a

a wavel ength conprised between
200 38d 7be method according to claim 17 wherein the first mask (3, 8) and the

additional mask (9) have common window zones for altering the initial Young's
modulus thermal coefficient to a value CTE;.

19. The method according to any of claims 13 to 18, wherein each step d) is
carried out prior to steps b) and c).

20. The method according to any of claims 13 to 19 including, after step a), a
step of securing a substrate resistant to the etch of step d) to said plate.

21. The method according to any of claims 13 to 20, wherein the UV
ilumination is achieved using a source emitting along a wavelength comprised
between 200 and 400 nm.



