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The invention thus proposes an analogue display member fitted to a timepiece,

of the type comprising a main body in which an arbour hole is arranged, the arbour
hole being fitted to a drive arbour, characterized in that the main body is made of

25 silicon based crystalline material. Preferably, the main body of the analogue display
member has the shape of a timepiece hand.

The display member according to the invention has the advantage of being
able to be easily fabricated using technology proven in microelectronics for fabricating
integrated circuits and in micromechanics for fabricating microstructures.

30 Silicon has the advantage of being very light, since its density is approximately
2.49 kg/dms, which minimises the mass of the display member, and thus problems of
inertia and unbalance, in particular when it takes the form of a hand. Moreover, the
reduction in unbalance and inertia of the display member has a positive influence on
the sizing of the display member drive means and on the energy consumption of said

35 drive means.
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25 According to other features of the method according to the invention:

- during the plate micro-machining step, flexible elements are formed on the
main body to allow the analogue display member to be mounted on the drive arbour
by resilient deformation of the flexible elements;

- the micro-machining step is imptemented so as to make several analogue

30 display members simultaneously in the same plate;

- the micro-machining step includes at least one lithographic step for
reproducing the contours of at least one portion of the main body of one analogue
display member on the plate;

- the method includes at least one step of depositing a coating on at ieast one

35 face of the main body of each analogue display member;

- the method includes at least one step of micro-machining the top face of the

main body in order to form embossed patterns thereon,
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enlarged manner, the distal end portion of the hand of Figure 12.
25 Figures 1 to 7 show several steps of a method for fabricating analogue display
members 10 in accordance with the teaching of the invention.
Analogue display members 10 are here hands 10, one example of which is
shown schematically in Figure 9.
In accordance with the teaching of the invention, each hand 10 includes a main
30 body 11 which is made of silicon based crystalline material.
“Silicon based crystalline material” here means a crystalline material containing
silicon such as monocrystalline silicon, polycrystaliine silicon and quartz.
Preferably, hand 10 according to the invention is micro-machined in a
monocrystalline silicon plate 12 like those that are used to make integrated electronic
35 cireuits, such plates being generally called “wafers”.
Advantageously, a series of several hands 10 is made in the same silicon
wafer 12, in accordance with a method called "batch processing”, using techniques
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Other examples of silicon micro-machining methods are described in the work
25 entitled "Fundamentals of microfabrication” by Marc Madou, edited by CRC Press, and
bearing the reference 1SBN 0-8493-9451-1, incorporated herein by reference, to which
reference can be made for further details..
The main steps of the method according to the invention will now be described
in a simplified manner.
30 Figure 1 shows a silicon wafer 12 prior to implementation of the method
according to the invention.
Figure 2 illustrates a step of depositing a sacrificial layer 14 on the top face of
silicon wafer 12,
Figure 3 illustrates the treatment of sacrificial layer 14, through a mask 16, for
35 locally aitering the structure of sacrificial layer 14 so as to draw a pattern representing
a series of hands 10 on silicon wafer 12.



10 According to a preferred enbodi nent of the

i nvention, technologies for mcro- machining silicon
wafer 12 are used so as to make hands 10 directly in

the thickness of the silicon ywafer. Electro-polishing
is an exanple of a technique used for silicon etching.
This techni que uses the property of nonocrystalline
silicon of being porosified by anodic 15

el ect r dolfgyure 8) sikdonhwaigr 12hhas v adEhadothraughdhel saifioigl @yer,

| %Wef%%t{l;ﬁiﬂtacgﬁrr&%héé/ W|tII\ Q{'n %{\fsﬁﬁ&ﬂb ?%ﬂ}@qﬁ%@mégg&pthat the pattern

con CoO
derasneseretmg hands ¢ Qagpdw drzmm lerthmtfmklngﬁﬁ of silidea wafen ton

el ectroppl Heﬁi%'irﬂg% %a‘i?ah&hﬂHFer' s @%%%Haeed i3 dhB&n in Figure 6.

publication en El ectroch em cal Fabrication

5wl ti wef piiepnvvalen 12,0 kg8 handgyj 0 grwreT?Lgla[ggtrgrgalgtaﬂgphed to the

PaaRy ol $AfetIAC vif bridye@ &P atitéras, i9 thullobkdindd) taglsh@@n in Figures 7a and
AE%' ysis Systens 98 Wrkshop" Banff, Canada, wthin
t he"scope of the fabrication of coaxial mcro
channel Eheviiras fabsiegtaonadtepof vamkds 9 Oaoesiatede defachiog dhshands from

sidil rence can be made to this publication,
nééllé:?)g(r\)}%agﬁegeherel n by reference, for nore detail on

1Ut hi s netdvedtagepusly. tb@(mﬁﬁTC@sECGﬂfdﬁm todbe inyPelian GRICEANMIrisg at least
el Jeodsp éﬁr%gd@ﬁlﬁﬁ ‘:—.atiz'%gtuﬁd1 férExalle<of rﬁétaﬁ'iﬂ déd&ﬁed on the siticon

"Fundament al’s_of microfabrication

edPHRIRG Hpnes:t0-prhiss coating gan Gsé#epﬂ?gtepné afrgirdpaigoa agical vapour
0- &4383m8145&pﬁysndanaaﬁqw Hapestidnaeeiniques. r ef erence, to

which peference c de faqr f
mai n stf ﬁ?\ ﬁ O?{Qpﬁgaqﬁ 'QS?'&OH 6% gﬁk[%h %ﬁ%ﬁ@g rﬁchem&? and/or
15 vv| thbrnnnixtvebtmeiéstﬂn dpplied latha ssifagd off the gilinemfremingdgands 10, for

%éh‘f‘?eéllnst!?a&sto% téll ﬁb%@e% fe él?copt %Cé 0

ntati on O accor q to the
. nvent i lbshoutd Be n@teg tmtlthﬁ,ﬂcﬁt”9§t%95§ta@|c? % bejimplementgg sq as to

Saé]felr iHeCépﬁJeal'a?ﬁéé lof #ife sMtohRarfhed) of 86@s @b alté'l thé Solmao&aé;ﬁfearance of
ure tﬂgus rates the treatnent, of

| 4 e9ath depRslsa A e MIERn. B s E el e pafip, which
20t rmo&tiemmtereﬁnrvgfomaalreﬂfecm SlcH ggmmnetiidal pattasstroayd fenexample, give

paé Egédb %ﬁﬂg@%ﬁﬁg %_&%aréancé% 'tl'ﬁ?lss@faog %'f]ﬂénc}sog?ﬁiaﬁé lir ﬁl%rklllcon

I con - wa
et Suahcetehing aighs che be aopleneptes whenykands j0cre ﬁhlbcqmﬁﬁ by silicon
acgQeFamce with an anisotropic etching techni que such
that the pattern representing hands 10 i s no

in the @qgogq{%gcgthgfengqngr@qm siiawen Rigure 9, the to V¥ace & fand 10 is

25 provided with embossed geometric patterns 24 which were made by silicon etching. A
metal deposition 26 was made on these geometric patterns 24 which gives hand 10
an needle etched metallic external appearance. It should be noted that this result
would be very difficult to obtain with a hand 10 whose main body 11 is made of metal.

According to the embodiment shown in Figures 10 and 11, two longitudinal

30 facets 28 have been etched in the top face of hand 10.

Depending upon the embodiments, patterns 24 and facets 28 can have curved
profiles so as to form waves in the surface of hand 10.

it should be noted that the method of fabricating hands 10 according to the
invention easily allows hands 10 to be made with very varied external appearances.

35 Advantageously, the method according to the invention can be implemented in
parallel on several silicon wafers 12, so as to make hands 10 with similar features
simultaneously in several silicon wafers 12.



The remaining sacrificial layer 14 is then renoved, as
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Figures 12 to 14 show an improved embodiment in which hand 10 is made
entirely of silicon, i.e. its main body 11, which forms the mechanical structure of hand
10, is made of silicon and defines the external shape of hand 10. of course, main body
30 11 can be coated with one or several layers of coatings, such as metallic coatings.
According to the embodiment shown, main body 11 includes an annular
proximal portion 38 in which arbour hole 32 is arranged for mounting hand 10 on drive
arbour 34 of watch 20. Arbour hole 32 is provided to be fitted onto drive arbour 34,
such that hand 10 is fixed onto drive arbour 34 in a manner similar to driving in.
35 Arbour hole 32 is providéd here with flexible elements 40 in the form of
tongues that are made in a single piece with the proximal portion 38 of main body 11
and which project onto the inner surface of arbour hole 32. Flexible elements 40 are
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25 beams 44, 46. The number of beams 44, 46 could be chosen as a function of the
shape of hand 10, particularly as a function of the shape of distal portion 42, in order
to ensure sufficient rigidity and shock resistance for hand 10.
Figure 13, which is an enlarged view of a beam 46 of Figure 12, it can be seen
that beams 46 can be provided with recesses 48 which are arranged in a suitable
30 manner to lighten the structure of hand 10 without significantly penalising its rigidity
and shock resistance. Recesses 48 are formed here of apertures or windows which
are aligned and distributed over the length of beam 46 defining bridges of material
between the two parallel parts forming beam 46.
Advantageously, as can be seen in Figure 14, main body 11 of hand 10
35 includes, in its axial thickness, a multitude of generally cylindrical bores 50 which are
substantially parallel fo drive arbour 34 and which have a diameter smaller than fifty
microns, preferably a diameter comprised between three and ten microns. The object



entirely of silicon, i.e. its main body 11, which
fornms the nmechanical structure of hand 10, is nade of
silicon and defines the external shape of hand 10. of
course, main body 30 11 can be &oated with one or
several |ayers of coatings, such as netallic coatings.
According to the embodi ment shown, main body 11

includes an annular proximal portion 38 in which
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mounted on drive arbour 34. Thus, after assenbly,
flexible elements 40 exert a gripping force on drive
arbour 34 which holds hand 10 axially on drive arbour
34 and connects the two elenents in rotation. Flexible
el ements 40 are preferably formed during the step of

m cro-machining 5 silicon wafer 12. Main body 11 al so
includes a distal portion 42 which fornms the indicator
section of hand 10. The distal portion 42 has the
formhere of a triangle but it could take any other
suitable formfor indicating a determ ned angul ar
position on the dial of tinmepiece 20. 10 Distal
portion 42 is connected to proximl portion 38 by two
beans 44, 46 whose width 11, in a transverse plane to
drive arbour 34, is conprised between thirty and two
hundred microns, and is preferably equal to fifty

m crons. The width 11 of fifty mcrons offers a good
conprom se between rigidity and fineness for beam 44,
46. One thus obtains a hand 10 of which practically
only the proximal portion 38 15 and the di stal
portion 42 are visible, when the user of watch 20
consults the indications given by hand 10, in
particular in a top view. Indeed, conbined with the
very small thickness, conprised for exanple between
thirty and a hundred mcrons, preferably equal to
fifty mcrons, the small width 11 nmakes beans 44, 46
almost  invisible to the naked eye and thus to nake
the el ements underneath hand 10 nmore 20 visi bl e,

bet ween proxi mal portion 38 and distal portion 42,
particularly elenents



di spl ayed on the dial of watch 20. Moreover, the use
of these al nost invisible beans 44, 46 offers nore
freedomin the design of hand 10, by concealing part
of the structure of hand 10. O course, hand 10
according to the invention cg¥ i nclude nore than two
25 beans 44, 46. The nunber of beans 44, 46 coul d be
chosen as a function of the shape of hand 10,
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memberi ned is: 1. A nmethod of fabricating anal ogue
di splay nenbers to be fitted to tinepieces, each
anal ogue di splay nmenber including a main body in which
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5. The fabrication method according to claim 1, wherein it includes at least one
step of micro-machining the top face of the main body to form embossed patterns

therein.

6. The fabrication method according to claim 1, wherein it includes at least one
step of micro-machining the top face of the main body to form facets therein.



material to make at |east one main body in said
crystalline material with said arbor hole and
wherein, during the wafer m cro-nachini ng step,
flexible elements are forned on the main body to

al | ow assenbly of the anal ogyg di splay nenber on the
drive arbor via the resilient deformation of the
flexible elements. 2. The fabrication nethod according
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12. The analogue display member according to claim 8, wherein the main body
includes, in the thickness thereof, a muititude of bores which are parallel to the

drive arbor and which have a diameter smaller than fifty microns.

13. The analogue display member according to claim 8, wherein the top surface
of the main body includes embossed patterns.



10. The anal ogue di splay nenber according to claim8,
wherein the main body has the shape of a tinepiece
hand. 11. The anal ogue di spl ay nenber according to
claim 10, wherein the main body includes a proxinma
portion, in which the arbor hole is arranged, and a
di stal portion which forns the indicator section of
t he hand, and wherein the distal portion is connected
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19. A timepiece wherein said timepiece includes at least one analogue display

member according to claim 8.



