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UNI FORM | LLUM NATI ON DEVI CE FOR THE DI AL OF A DI SPLAY
DEVI:CE The present invention concerns a uniforn1iIIuninationWG@Vﬂéﬁ-
for the dial of a display device as a result of the particul ar
configuration of a guide for the light emtted by at |east one |ight
source, the guide and the |ight source being situated at the periphery of
the dial in the space substantially between the latter and a sealing
crystal . Di splay devices in which a dial and in particular the dial of
atinepiece is illumnated by neans of at |east one |light source, forned of
a nmniature electric light bulb or a diode, associated with a |ight guide
made of translucent materjal D e _shape of _a | oop, arranged between the
crystal and the dial are "Rty BNAISON, DEVICE  FOR THE esponds f or
exanple to that disclosed in RAASOPaRACRISNAYAEVIBE. During use it has
however been noted that the zone of the dial situated in the proximty of
the |ight source was naturally lighter than the dianmetrically opposite
zone. I'n order to OPErEEHEERthiEVEREHARCRONEEF TR 1 Miker®, HDBUmBBRpieamoses
to distribut edatrikeasort vive Idiglll ofour 6£8pBay it celiast angesui £ NbH @k
annul ar gui de 3 eMiCe: | es e jl.l.um:.natjon of the djal
| ocal Iy, but gggggl%g?agsé#gtﬁﬁgn%%%né’é% r:'g%urgf)f'ol?ﬁ? &/gl?thc é’r‘“ﬁ% t he
nunber of i gR¥ &furtedst|enfoaighbe spygsien| cthe obide nandr heniFighs
i |1 uninati gn, sbutrcat btemngcgstuaxfelcarad w&g&&ibﬁewe?ﬁoméma%p%&f%@er ay,
whi ch would c It L 1] r._for, t L fe s of t batteries
I n the case o?ggtﬁﬁ F%‘g?%%ﬁ%%éa i%%%%"%@& the %H'Sﬁs ag}a%e? nts
have been prof&¥&82tor orienting the light coming fromthe guide nore

ﬁf; f i6 % ent |6 y towar dBikﬁﬁaﬁ!&HvicE&hMYwﬁiéﬁ?@r@iﬁ asa.ag_iflfe&ﬁﬁﬁhéﬂﬂé?e Pat ent
Cross-secti gﬁxgiggi gne% ,stdl %ﬁ%bfét i%aé'll %ﬂ&%ra?ﬁggbg’a@l?aﬁlézlgfn@?t]taﬁ%%s t he
di al , the ot heref ddehtheiqurami finrmed cofit adminihtarsnelegairic. Ligw ss
Pat ent bulb or a diode, associated with a light guide made of
translucent material in the shape of a loop, arranged
between the crystal and the dial are already known. Such a
device corresponds for example to that disclosed in Swiss
Patent No 549 237. During use it has however been noted
that the zone of the dial situated in the proximity of the
light source was naturally lighter than the diametricallj
opposite zone. In order to overcome this drawback,
US Patent No 4,908,739 proposes to distribute at least two
light sources at equal distance within an annular guide.
Such a device increases the illumination of the dial
locally, but does not assist in making it more uniform. By
increasing the number of 1light sources, it would be
possible to obtain more uniform illumination, but at the
cost of an increase in the consumption of energy, which
would constitute a critical factor for the life span of
the batteries in the case of application to a timepiece.

Various other arrangements have been proposed for
orienting the light coming from the guide more efficiently
towards the dial. By way of example, the device of Swiss
Patent No 677 306 may be cited, in which a ring forming a
diffuser has a cross-section designed so that it has a
polished face inclined towards the dial, the other Ffaces
being uniformly coated with a matt paint. In Swiss Patent



2 No 336 763 a greater concentration of the light rays towards the dial
Is obtained by increasing the reflection of the |ight rays onto the
crystal, whose face oriented towards the dial is coated with a thin
reflective netallic |ayer. As a result of these devices of the prior
art, a nore intense illumnation of the gfial is achieved, but uniform
illumnation is not always obtained, which is unsatisfactory fromthe
aest hetic point of view, and as regards proper legibility of the

i nformati on inscribed on the dial, such as hour-synbols in the case of an
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formed by a qg@gxsealed by a crystal arranged above the dial and held by a

fitting ring,” Said device jncluding at, | east one |ight. source arranged in
at |east one housPfg2aFeiintes Fhese gaVigas def Jhe M¥GPEd a4t -t Re™BERI phery
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arrangement of the llght guide, allowing great uniformity
of illumination of the dial of a display device to be
obtained.

The invention therefore concerns an illumination
device for the dial of a display device formed by a case
sealed by a crystal arranged above the dial and held by a
fitting ring, said device including at least one light.
source arrahged in at least one housing arranged in a
light guide positioned at the periphery of the dial, said
guide having a polished intermal surface oriented towards
"the dial and an external surface held in a space delimited
by the dial, the crystal and the inner wall of the fitting
ring, characterised in that all or part of said external
surface of the guide is arranged to allow a progressive
increase along the guide of the quantity of light diffused
by said external wall gradually as one moves away from one
of the light sources.

In the foregoing, "fitting ring* should be understood
in the wide sense as being any device maintaining the
relative position of the crystal with respect to the dial,
whatever the respective contour of such two elements. In
the case of a timepiece, the "fitting ring" will be for
example the middle part or a bezel.



3 . It is known that the |lum nous energy in a |ight guide decreases
gradual ly as one noves away froma |ight source not only because of the
absorption by the material of the guide, but also because of the |ight
taken out of the guide by diffusion phenonena. The new design of |ight
gui de according to the invention essentially allows the illum nation of a
dial to be optimsed by carrying out a rectification of the incident | i ght
rays on the external surface of the guide. This rectification is made
possi bl e by diffusion according to a | obe oriented towards the inner

surface of the guirge;sTRhSwdl fHdtSiR NomIhbAR0Bketd il NELNRNGuTRYeS avay

fromthe light source, ¢c epsating in sone manne crease In
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Different treatnents of the external surface are possible in order to vary
the useful diF¥Rs &Y ShEfugion PhepAPeR2t he ‘gradi ent of the quantity of
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embodi nent  t hitfe oty Lighef rapsl yhnghendLrditeals Mmaifacexber Rk guiface of
the guide a |Gyl ,l.drdLLLNSA e TRIRN LRL 001 LN, LAMRILIAN L UBusng -
progressivel y T ncreasr ng e Coat ed surrace as e noves away rroma light

source. |n tHe Gadebsf ocxiguterd wiwarss shguinnerroerfacse@fi ¢he guidel ayer
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surface. It al.so ti;? aggl ied in the sa nmanner onto the two ogggr
h
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form ng the edawreasie surlusinous enargyrdlomg ththen gvddend enbodi nent,
structuration of tre td e Strd ag&ridSe e{ﬁ@p&@ﬁé ngggaéjc&gpigeogggsi ty of
one light source, the diffusion will thus be maximum in
the portion of the guide diametrically opposite to the
light source.

Different treatments of the external surface are
possible in order to vary the useful diffusion surface, on
which the gradient of the quantity of diffused 1light
depends. It will be recalled first of all that the optimum
diffusion is obtained with a Lambertian reflector, the
tyical model of which is the surface of a magnesium oxide

 block, with which all the incident light is diffused
according to a spherical lobe.

A first embodiment thus consists of applying onto the
smooth external surface of the guide a layer of a
diffusing material of the Lambertian type, progressively
increasing the coated surface as one moves away from a
light source. In the case of a guide of rectangular cross-
section, this layer will be applied in priority onto the
small side opposite the polished inner surface. It may
also be applied in the same manner onto the two other
surfaces held between the crystal and the dial, or onto
the three faces forming the external surface.

According to a second embodiment, structuration of
the external surface is effected increasing the density of



4 structuration progressively as one noves away froma |light source.
According to a first alternative, this structuration consists in arranging
grooves in the external surface, oriented on the guide parallel to the line
of curvature of said guide, the nunber of such grooves increasing
progressively as one noves away froma l.ight source. According to a
preferred embodi ment, the grooves have a4v-shaped cross-section.

According to a second alternative, this structuration consists in arranging
small hollows or recesses made in the external surface of the guide, the
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obt ai ned al ongrPREegpafkee & V-shaped cyesssisekcsion. arrange a mirror surface
behind the entire Rutcidizlg T hasecond o HHAASve0 BBikOstpldGEtadiN, rays

whi ch woul d n ader total reflection in.the untreated portions ,of the
gui de. Accor d?%rglg? gEF %gnp%%ftﬁgéﬁgeﬁﬂﬁg?n’gﬂllt,h{”ﬁe Of FEGRSSERT B3ES dthot
appl i ed agai nshet Ifxtprngd i surfdce bef Shpawgatick.f rue tivembert of Bucin air
gap. The nBiebwsl pher Bupfaddontit OfhdSe S8l 55 b2 1AY213 NBne

Sui tabl o mat oFSRPe; Svrg, PEpRh) LESRE Raited Cradchnqing ¢ mmmersered |
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example by laser machining or simply by moulding.

According to a third embodiment the variation in the
quantity of diffused 1light along the guide wvia the
external surface is obtained by effecting both
structuration of the external surface with grooves or
hollows, as indicated in the second embodiment, and by
depositing in the hollow portions the diffusing material
used in the first embodiment.

Whatever ‘the embodiment allowing a wvariation in the
quantity of diffused light to be obtained along the guide,
it is also possible to arrange a mirror surface behind the
entire external surface of the guide so as to reflect the
rays which would not undergo total reflection in the
untreated portions of the guide. According to the
preferred embodiment, the mirror surface is not applied
against the guide itself, but separated from the latter by
an air gap.

The material forming the guide is selected to have a
high reflective index, while being inexpensive and easily
able to be machined. A suitable material is for example
polymethylemetacrylate (PMMA) or polycarbonate (P.C.).

The shape of the cross-section of the guide is not
determining for obtaining uniform illumination. However,



5 according to a preferred enbodi ment, corresponding in particular to the
easi est and nost econom cal industrial inplenentation, the cross-section of
the guide is rectangular, a small side perpendicular to the surface of the
di al corresponding to the polished inner surface, while the other three
sides correspond to the external surface. The shape of the |ight guide
is of course adapted to the shape of thesdial whose contour it follows. The
sanme is true for the nunber and | ocation of the |light sources. \Wen a
single light source is used, the light guide will preferably not have any
angul ar portions and will thus have the shape of a circular or oval Ioop.
When the gui REFREARRGUILE PHoPEFREASTefoembosdimeatuhcrerrespendingctisngul ar
slhiape_, it |h s pestiakler teo wmaw?{d heta andsitghfgco&ﬂﬁlfi%lorirﬁdgtfﬂi@l

all owi ng the .Q _be rectif] _at._each an orti.ans. .
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changi ng t he vi sual qﬁfearan e of the dial. I'n'a rectangul ar  dial

confi gurat i orPTHFRH | PPENPAYEI GRYMAPIRIES ROTBIHTRRS| WLy BPuseans of
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one end and add I fhg@iakhepBEREbn8d: £8E NdxBhEIRICHRELS o Onbuo garallel
9 rectangular shape, it is desirable to arranged either a

light source or a mirror allowing the light rays to be
rectified, at each angular portions.

Although the uniform illumination device for a dial
can be applied to any type of display, the description
which follows will be made, for the purpose of
convenience, with reference to a ‘timepiece and more
specifically a wristwatch. Likewise, this device can be
applied to'any display means, but the detailed description
will essentiélly be made with reference to an analog
display, i.e. a display in which at least one hand moves
opposite markings or symbols carried by a dial.

This in no way excludes the illumination device
according to the invention being adapted to a dial
including, in whole or in part, a digital device for the
display of time-related or other information. Likewise,
the illumination device according to the invention may be
incorporated in other arrangements changing the wvisual
appearance of the dial. In a rectangular dial
configuration, uniform illumination may also be obtained
simply by means of a guide formed of two distinct bars
each provided with a light source at one end and a mirror
at the other end, being arranged close to two parallel
edges of the dial.



6 O her features and advantages of the present invention wll appear
in'the follow ng description of various enbodi nents, with reference to the

annexed draw ngs, in which : - Figure 1 is a perspective view of a
wistwatch partially showng a first enbodi ment of an illum nation device
according to the invention; - Figure 2 is an enlarged parti al
cross-section along the line Il-11 of Figure 1; - Figure 3 is an

enlarged top view of the |ight guide of the wistwatch shown in Figure 1;

- Figure 4 is the devel oped view of the small external side of the guide
of Figure 3 betwe I rc | apetrigal l.y opposite point;

- Figure SAjs apd(}r%és}g sée |%Ir$1g%f at%h Ial ‘fﬁn el a‘?% 1¥?‘|e I‘%?\% eREV of

Fi gure 3; inventioprwikd appgast Her ther foddvwtingn dﬁsdﬂn@tmrcussefsect i on

along the |ineadMouef éiw:&dﬁué’nts, with Fr@fci-dhde RoPCERRCCIANE NS EW Of
the |ight gwcg%w fng% sgﬁo&g "f}} mbodi ment of an illum nation device according
! €

to the inventton, 7 is a perspective view of the |ight guide
of a third enbodi rrentFm;uee'pér tlisc @l adnspedagitved stiew hef i 4 | woisewaoshof a

rectangul ar attizang, showm.g R o658 éxﬁ’b@dix?efhé”cgf"a%fx §li9ﬂ£1§1 ¢ £4p0di ment

al so adapted o .the_illugination_ of ,a recfangu erring nore
particul ar | y $ViESHBFEEX 10 F ther 1P¥eredtRihat the wi stwatch shown is of
a comon type with a andesﬁaped amsenlargedt partigla croskveeke idvenent,

and a wi st gfj a6 ﬁﬁ@hﬁ_@‘l Wi f{ xed to the case between horns 3.
The tinme displ aygles effecte or) a d?g §4€bi means of hands 5 which nove

opposi te hour-synbol s Fyguxee3gitspiary ?Fé’a?@%ﬁ etop ovieve@ibythe ckightl 8
hel d i n pl acendifeaclietbeé Wridtwatbhdshowst axe Figard the periphery of vvhi ch

[ |
Ie:i(;ﬁpgSZOnEI'?\et hgr ?I ;l:"%&&ulrez 1 ?% \q,{\%ee &%‘ﬁﬁﬁestgﬁgangoé) h%ggter?a ve been
partially to Prre thegpuigai aé EGQUEPg%tngWEQHZﬁheollQMMUlar
source and the diametrically opposite point;
- Figure 5A is a cross-section of the light guide
along the line V-V of Figure 3;
- Figure 5B is another representation of the cross-
section along the line V-V of Figure 3;
- Figure 6 is a perspective view of the light guide
of a second embodiment of an illumination device accordlng
to the invention; _
- Figure 7 is a perspective view of the light guide
of a third embodiment more particularly adapted to the
illumination of a rectangular dial; and
' - Figure 8 is a top view of a fourth embodiment
also adapted to the illumination of a rectangular dial.
Referring more particularly to Figures 1 and 2, it is
seen that the wristwatch shown is of a common type with a
round-shaped case 1, containing a clockwork movement, and
a wristlet 2 each strand of which is fixed to the case
between horns 3. The time display is effected on a dial 4
by means of hands 5 which move opposite hour-symbols 7.
The display means are protected by a crystal 8 held in
place by a bezel 9 attached to case 1 and the periphery of
which extends onto the dial, as is seen more clearly in
the cross-section of Figure 2. The part of figure 1 in
which the crystal and the bezel have been partially torn
away shows the light guide 20. Light guide 20, of annular



7 shape with a rectangul ar cross-section, is housed in the space
del'imted by inner wall 10 of bezel 9 and the faces opposite dial 4 and
crystal 8. As appears nore clearly in Figure 2, guide 20 is held in its
housi ng by spacers 11 arranged spaced from each other so as to have a smal
air gap between the external surface of the guide and the facing walls,

agai nst which are arranged mrror surfacgs 12 allow ng the rays which would
escape fromthe guide to be reflected. These mirror surfaces are for
exanpl e made of silver coated PET fil ns. At the 12 o' clock position,

the guide has an interruption formng a housing in which a |light source 13
i s arranged. FhaPaevwékBodi Featardwlar quvss-segitionourse housiedr dmd tie t wo
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bonded onto the cross-sections of the guide, and allowing
the 1light to be injected into the guide in opposite
directions. Al-Ga-As diodes emitting 639 nm with a supply
voltage of 1.65 V will for example be used. The electric
supply source may be the same as that of the clockwork
movement and the supply voltage may be applied upon demand
by actuating a push-button 6.

Referring now more particularly to Figures 3, 4, 5Aa
and 5B, it is seen that annular guide 20 of rectangular
cross-section, includes a polished inner surface 21 formed
by a small side perpendicular to dial 4 and oriented
towards the centre of the latter, and an external surface
22 formed by the three other sides 22a, 22b, 22c¢. In the
example shown, the three sides forming the external
surface of the guide are arranged to obtain an increase in
the active surface to diffuse the light progressively as
one moves away from light source 13, i.e. to have maximum
diffusion in a zone 23 of the guide diametrically opposite
source 13,

This arrangement consists of a progressive
structuration of the entire external surface via grooves
24a, 24b, 24c oriented along the line of curvature of the
guide, on faces 22a, 22b, 22c¢ forming external surface 22.



8 Figure 3 shows the structuration of upper face 22a of the guide
facing crystal 8. It is to be noted that the nunber of grooves 24a, counted
at right angles to the guide, increases when one noves away from i ght
source 13, and when one noves away fromthe centre of dial 4, and that
their density is thus maximumin zone 23 from which they have a symetri cal
arrangenent on the guide. The structuratfon effected on face 22c oriented
towards the dial has grooves 24c having the sane configuration as those of
face 22a. Figure 4 shows a devel oped hal f-view of face 22b, i.e. of the
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and t he radi atur e i n n | S w8y

wi |l be ableu?hg%agggéetme ?ﬁiic 5£9§§n§a@gn? é?a’ﬁ#% é? &Qa C|rcular
gui de of meee%?ufﬁew%wrvee#%@% enlfatge aﬁg| erf-eandwtpwaﬁrﬂéféhem y
have the val ugi®l #8s Ighcmiese 14 Ra¥iAYMtheThanof cgf oDyesathent Bei r

densi ficationg upyature of the guide may vary as a function of
t he d|nenS|onsﬁgég“§#|¥%c%d%¥§Purely by way of illustrative exanple, faces

22a and 22c of a gﬁj‘i‘-’ﬁ@f%a‘%’l shows waddeve opedmbalddey % §89es 22%.zone
23, the outeripst cgmmeepb&uag @oizeglgiﬂbnsqtigmnkbai-dzy Bjusd dane?/23.0f the

Sppropr ate. AL saefts Chey BiRber 88 Sholfta A4b” o FopkRa A5 ddaR,”
nanufacturlnga@gleﬁetgutbe gusdef . increafeguvhesBoshomevehe ayane fyoinde as
that of FigureneA 1ignvhi£uBEooVamiyrdihes 24eihaye ibeernfiid | edswi th a
distributed symmetrically on either side of the median
line of face 22b.

The enlarged cross-section of Figure 5S5A, made at a
point of the guide at some distance from greatest density
zone 23 , gives an embodiment example of such V-shaped
grooves of angle ®, separated by flat surfaces 25.
According to the refractive index of the material forming
light guide 20 and the radius of curvature of the surface
at a given point, this angle will be able to vary between
30 and 45°. By way of example, for a circular guide of
PMMA of refractive index n = 1.49, angle ® will preferably
have the value of 40°. Likewise the maximum number of
grooves and their densification along the curvature of the
guide may vary as a function of the dimensions of the
guide. Purely by way of illustrative example, faces 22a
and 22¢ of a guide having a width of 2 mm includes 7
grooves in zone 23, the outermost groove having a length
substantially equal to 2/3 of the circumference of the
guide. These grooves may be formed in the guide by any
appropriate means such as CO2 laser machining, or moulding .
during manufacturing of the guide itself.

Figure 5B shows the same guide as that of Figure 5A,
in which grooves 24a, 24b, 24c have been filled with a



9 diffusing material 26. For face 22a, an enbodi nent in which the
diffusing material lies flush wwth the surface has been shown and for face
22c anot her enbodi nent in which the diffusing material fornms bul ge portions
27 above the grooves has been shown. These bul ge portions 27 may be
sufficient to nmaintain a small air gapgoetween external surface 22 of the
gui de and the surfaces facing the crystal, the dial and the mddle part,
thereby neking the use of spacers 11 superfl uous. D ffusing material 26
whi ch has proved to be nost appropriate is constituted by a titani um oxide
pai nt cont aidliffipsimeopateptal 26 . bEeicufiand p?Rae and embadilnenfuainity of

pow?ﬁred PTEgqup[t@amﬁ%agt ﬂStQEQ&Priiéﬁsfﬂ%éﬂ%%@h the sﬁfﬁaée 6 tshows
anot her | 0 ui de ers fromtha ich has jus

been descri 8’@@%@%& FngV dttf'&r %scege%%‘?alangﬁ ] %m‘*&’rﬂ h that it
i ncl udes twnﬂdmc@hmhsodaféesiﬁg ma&eamdlsfoumsLbumgempomkibhs eXtaboek surface

for Med DY NP W BlyelChas Sherd dnokdh 0N U580 borl oA 7! AR § dég';ﬂ by

opposite al on maj or axl s an each a notc

cross-secti o'sr\%fd'f""te}%rJ eam: gt ety @orﬁ‘?@ét SRR Jetveeen TRECRT MY ches, or
equal ly the slunﬁacesoazcesﬁ thes gddem dnd nthel deudSfadaw Sperimigriclaé sectors
whose zones Jlgrdd havng;Lhe g4 e&&é%&eﬁé QY AENEH gséebgnﬂaklﬂﬂé thé

greatest diffusiagn Bower are substanti y situated on t m nor axis.
These hol | oWSSRPL\SPRORES LY SUPEE Eh¥PESa conical shape with an angle able

to vary, as alreadyffusdngatmateirdalt 26 gilnisteshasoproireddicst rhdbuhosn of

;chfalse hol | o %ﬁf%%f ghec‘:;c q_stJ %rdn %.hetfﬁéfiml °§clil’d acgalézgference

al so be escr on € grooves ef erring
now to Fi gureentaiping, an el epamtgmf aﬁ@m@%@n%ﬂt% $B21bw t he

whol e cont oufusaitity ef pogdkaed dPPEE,] fah@Mampllel Sngthdepiropbitesns singl e
| i ght sourcq%ﬁ 2§i%uated in the mddle of a small side. Each angle of the

external surfacé griented towards the fitting ring is treated to have a
mrror portion AFigure 6 shows another embodiment of a guide 30 which

differs from that which has just been described
essentially in that its general shape is oval and in that
it includes two light sources 33, 35 and structuration of
the external surface formed by hollows or recesses 34.
Light sources 33, 35 are diametrically opposite along the
major axis and each is housed in a notch formed by the
cross-sections of the guide and a comnecting base 36, 37.
These notches, or equally the light sources, thus delimit
in guide 30. two symmetrical sectors whose zones 31, 32
having the greatest hollow density, and thus the greatest
diffusion power, are substantially situated on the minor
axis.

These hollows 34 will have for example a conical
shape with an angle able to vary, as already indicated for
the grooves. For the distribution of these hollows on each
of the faces forming the external surface, reference will
also be made to the description given for the grooves.

Referring now to Figure 7, a top view of a light
guide 40 configured to follow the whole contour of a
rectangular dial is shown. This guide includes a single
light sourxce 43 situated in the middle of a small side.
Each angle of the external surface oriented towards the
fitting ring is treated to have a mirror portion 42



10 allowing the light rays to be rectified. In this exanple, the
variation in the diffusion power of the external surface is obtained by
application of a diffusing |ayer 46 having the previously indicated
conposition, and havi ng nmaxi mum covering in zone 41, in the mddle of the
smal | side opposite that provided with ;nﬁ | i ght source. According to an
alternative, the single light source ma e replaced by two |ight sources
arranged in adjacent or opposite angles, the two other angles being
provided with mrrors, and the diffusing |ayer being adapted to the

art aggem‘:nt ?Elﬂ-bva_ihbgbhesmlgmﬁs:ays to B'egréetg_fslaay\sm n;ﬁﬁ@ %&ﬂt&léﬂ}mt her
enbodi nent o WI’E%%@E : re ar dial in t

i1l um nation 5%\% cdé ( alg%%\rl\%%néﬁteo %%gg\?%’\'/%’ﬁt PSH'efonosﬂkgeofe’%ﬁ&nﬁ&r s 50a,
50b havi ng t hEusgageshapebiainest pyngeplication-afaial diffuhinactayemetd bar

i ncludes at onavéAd ahd HHeHQus19 F3daedtaly té%ﬂ\éﬁ’sﬁ‘%rioﬁr)d addlHdAmg2. The
structuration_all.owin r

t he.di ffusion tq,be . varied al each .qgui de,
repr esent ed h8?§IEng83$§§n s Fgﬁﬁe31$;o"f‘hz§'|f‘1et ﬂ‘é‘d%:ignP CFF‘%eqi’ﬂﬁll
i |l um nation sddet anppasliyecomt eaciovidest . wAshi sthesd igien sbardieal
i ncl udes bot hagBo2B2hgdtdi &Rl aYrefnadil @, dimgh t 3 ndhi sl O Todded Snal) SO

perfectly possible . and_conpatible with the illumnat]jon deyjce according
to the invent F%Sn,reP&aEﬁgngE gﬂ% #Jh%’%tonﬁ%e%a‘?"fr?ﬁgﬁ e"ndiaﬁljaf"?é‘é‘r\%d f or
t he anal og di spbagibe anglesi hohk Knowothert hegles béihd eprdviddid wirth for

exanpl e by arhapgbR@,atadd)i €hd 082EEQD: AgCahlyethivdi i 3l &apSedbls e
changed by el ectrophoretic gﬁtﬁh d. According to an alternative which
i s not shown, 3FFERESRR" Ay agé%fs,sq'ﬁcﬁérticul ar in the case of a

substanti al | y squaFiégghep&dsbivowes ,id ctep raime, tdarmothey Eatodiaenlt! @lf tap the 3
0' cl oCck - 6 Oy¢h Gk, ; Ph acd n | SOYE CeS t e shars cpat
head-to-tail ggg on ?%%newzé%e.cé &éé%ﬂé,égggﬁpl ggg\%mi % hg}\%él&%us_ttﬂ%een
described ar e*capRbRREHPR (HFESuSOVAFFETRE BhFPRJABVERFHPR SRRHISTS: he
reach of the wéintsioi Maged iSOat, hé 0 hawihiyo thed et ishgpler @nd ka-reered of the

i nvention. head-to-~-tail. Each rectilinear bar includes at one end a
light source 53 and at the other end a mirror 52. The
structuration allowing the diffusion to be wvaried along
each guide, represented here by grooves is arranged so
that the fronts of equal illumination substantially cover
each other. As is also seen the dial includes both an
analog display 54 and a digital display 55. It is also
perfectly possible, and compatible with the illumination
device according to the invention, to change the base of
the part 6f the dial reserved for the analog display by
any method known to the man skilled in the art, for
example by arranging at this location a cell which state
is able to be changed by electrophoretic method.

According to an alternative which is not shown, it
may be advantageous, in particular in the case of a
substantially square shaped dial, to arrange the two bars
parallel to the 3 o'clock - 6 o'clock axis by placing the
light sources of the bars not head-to-tail but on a same
side.

The examples which have just been described are
capable of numerous variations and adaptations within the
reach of the man skilled in the art without departing from
the scope of the invention.



CLAI M5, |I'lum fation device for the dial (4) of a display device
formed b nmg #’ #Mﬂr d by a crystal (8) arranged above the dial (4)
and held by F g (9), said device including at |east one |ight

w UaOSgt ant Cross sntn- in at |east one Ptght guide wit SBHEETHAS BOSR
section (20, 30, 40, 50) positioned at the periphery of jthe dREFLA

sai d guide having a polished internal surface (21) ori erntet-tewa+as the
dial (4) and agrzemternal surface (22) held in a space delimted by the dial
(4), the crystal (8) and the inner wall (10) of the fitting ring (9),
characterised in that all or part of said external surface (22) of the
guide is arranged t@d-aftdwmingrion ceviice £ocr theedidbnid )t ef guiddsplag, 30,

40, 50) of theaawaél b riiedl Pﬂbt dlcfaféése@ilby s%ﬁ'l@dexﬂ)gr aa'c%%aﬂggﬁval ly
as one noves awa e 0 our ce

2. IIIun1nat|dﬁr%%5$%§13§ %ﬁthﬁ ﬁbag éﬁi\ §§¥§k3§¥|%e§lFﬁlPﬁaFlﬁﬁe
external surfat® hasaid Id;]@cmdeluﬂlagdatflsam o driighit (s cef (ube
Lambertian typgzwhigh py 095‘:955& <M %tsi'e‘ls‘(?:xgﬁr ”?e %r of %g;?

gradual |y as ope npves awa | ght saqurce
3. Illumnati o’rf‘o%‘?n]te(?sz?ce\é?diﬁ%h? FEER 28, dRar 48t e??’se???%’ﬂ%@ Fﬁe
di f f usi ng nat ethal dexighexd6)ofs the i §aalunioxi deapdi nguideprissiingy bari um

sul phate and H&Mﬁ@%ﬁé&!&ﬂﬁ@fﬁéﬁ“&dﬂ’ %&hW5§Geurleﬁteé tEbEQ?EQ %Oalagev'ce

according to | ai , Characterise externa ace (22) is
struct ur at ed, ‘ﬁ’e ﬁfggnsﬁnt FRERTRRE SITRRAEL (220 RS AR B TRRSR zﬁﬂ}d-lmllﬁe s one
noves away fromyathe giitakold)ce HhE3 cx33tal5,(843anA3he innerSwalllll u[mmat i on

d d t
For moa 35‘38?0'0‘5%5*"?*2?1% i, 5 O T ‘*%chgﬁﬁé&gu. e ool

to the line of® ?ﬂnaéaFHrGQFﬂe %%B)° rehe guide is arranged to

allow a progressive increase along the guide (20, 30, 40,
50) of the quantity of light diffused by said external
wall gradually as one moves away from one of the light
sources (13, 33, 35, 43, 53).

2. Illumination device according to claim 1,
characterised in that the external surface has a layer
made of a diffusing material (26) of the Lambertian type
which progressively covers said external surface (22)
gradually as one moves away from a light source (13, 33,
35, 43, S3).

3. Illumination device according to claim 2,
characterised in that the diffusing material laver (26) is
a titanium oxide paint comprising barium sulphate and
powdered polytetraflurcethylene.

4. Illumination device according to claim 1,
characterised in that the external surface (22) is
structurated, the density of the structuration increasing
gradually as one moves away from a light source (13, 33,
35, 43, 53).

5. Illumination device according to claim 4,
characterised in that the structuration is formed by
grooves (24a, 24b, 24c) oriented on the guide (20, 30)
parallel to the line of curvature of said guide (13) and

source (13, 33, 35, 43,% 3) arranged in at |east one reaass arranged
|
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12 t he nunber of which increases gradually as one noves away froma |ight

sour ce. . Il'lum nation device according to claim5, characterised in
t hat thimuﬂ(ﬂﬂﬂ“mﬂnlumfb 24c) have a V-shaped cross-section. 7.
[11Tumn ding to claim4, characterised in that the
structurdti dn ts Yortred by holl ows (34) the, nunmber of which per surface
unit increases gradually as one noves away froma |light source (13, 33, 35,
43, 53). 8. Illum nation device according to clains 2 and 4,

characterised in that the external surface of the guide includes both a
structuration arfhe RWERYs pAgwhbeRrindreatsess greduahly has roowovses lelalyow

parts. 9. lfddnmanatiyRe £Rmicee according to clai m 1 characterised in
that the arrangenent %f i?ﬁgexte rface of the t&wa) I S such that

the diffusion power al’$o ?‘éﬁ?g%oﬁr agﬁgf'f:)? §c8ﬁ§d
i nternal surfacesharacterised| dmi nh%tohhﬁmweﬂ:c@@.ng% (2I4a;|)mhhve a

characterised |n;.t§1ﬁbeaheréggrgecggbge (20, 30) has a rectangul ar
cross-section, one sma/,ll de.of _which gergenm cul gﬁ to the sb{rface of the
dial, forms the internal W%ﬁ@ﬁlgﬁrf§8 1£21) 2°GRILRE ofRer Ct-RiBe &irdes

of which form t IRhasacy sedr{ncgher2)the stigctitaubvonatisonfoenéd eby

according to cl &idmﬂ&usch@rﬁﬁ@ﬁés&ﬂmﬁbé hate t&a&awwm%&—ﬂé&%&gt
variation in the d({ |ont§11a obt ai ned _al ong _t he elsggxd:lfecte only

on one portion of Sxt ar i {Pffaascé’nﬁﬁ’ﬁ)veﬁpﬁ‘@:}’t T & HEIRH SOHEGSi nner
surface (21). (131233I-I B8imi4dat 58h - devi ce according to claim 10,

characterised in thatsthﬁlEﬁdﬁﬁ&ﬂi&ﬁnaeehEewaaaoﬁaEﬂéﬂddD%1a&n&h@ dihsf ysi on
to be obtai ned aloz%the uide |§hagf ted ver the entire ﬁﬁnal %urface

(22a, 22b, 22c). 136, FxEeEPBLr GFRG2ES eFatheiguide
characterised i ri-Qﬂé-tdq% Bafh mrStmmtJeprm am@rasdnfﬁuel(lgzpaaemaged

facing the exterdspositefiate e ghBos i &t HA3hw PHtcHOt applied against the

latter. 9. Illumination device according to claim 1,

characterised in that the arrangement of the external
surface of the guide (22) is such that the diffusion power
also increases gradually as one moves away from the
internal surface. _

10. Illumination device according to claim 1,
characterised in that the light guide (20, 30) has a
rectangular cross-section, one small side of which,
perpendicular to the surface of the dial, formé.the
internal polished surface (21), and the other three sides
of which form the external surface (22).

11. Illumination device according to claim 10,
characterised in that the arrangement allowing wvariation
in the diffusion to be obtained along the guide is
effected only on one portion of the external surface (22b)
opposite to the polished inner surface (21).

12. Illumination device according to claim 10,
characterised in that the arrangement allowing variation
in the diffusion to be obtained along the guide is
effected over the entire external surface (22a, 22b, 22c).

13. Illumination device according to claim 1,
characterised in that it further includes a mirror surface
(12) arranged facing the external surface of the guide
(22), but not applied against the latter.



13 14. 1l lum nation device according to claim1, characterised in
that th ' ] 30) is adapted to the shape of a circular or oval
di al . 6”“““““'“““”“‘ n device according to claim1, characterised in
that the ¥ight tqgulfde® (40, 50) is adapted to the shape of a square or
rectangul ar dial . 16. Il lum nation device according to claim 15,
characterised in that the |light guide (49) follows the entire contour of
the dial and further includes at least two mrrors (42) which are applied
to the portion of external surface facing the fitting ring and which are
arranged in the angles. 17. 1l lum nation device according to claim 15,
characterised i nldhaflluwmingthiogui deviz® ceusdsdisngl two didimctibars
(50a, 50b) ' . . i_de i th a light,souce {(53), at_gne _end,
with amrr \gﬂa%ﬁ%f%ﬁe] 12-{ ﬁ:\é{ra({eﬂ:&‘\gar%dl%tr c‘ﬂ“’ac}ee g(f'a d tF o?:‘ga?ﬁeawo
paral | el ed§esthe shapei af. a cirqgglar |dmmivek idirml.devi ce according to
claim 1, characyeri ' he g s LLght so . 1S fornmed
bet ween two crosésse§$%g¥§%) %%% ﬁ?g§§é1 é%%ﬁgﬁfbgnikgkigﬁgﬁﬁgvicé
according C&HerAShSsHised éﬁ’art&&terq%s%d-lightt ratldeel4fbusity b3 aderteght
source is faomthebehapenctna s4esse SEEt+aisarfulldie guwiide connected to each

1 nat on devi6e TEaSPHRRFTER oI 4T 92 CRAPRZEAI% odd n ¥R eath || gh

source_consb@a;aﬁﬁemiseﬁoﬁasphﬁmangﬁd baghtt gruialek. (40) ZbllBwEptRee

014000, S0 S ST, o o6 6ERSARH A0 LRGSR Mgl

device is i A& pBFRFRESI nt4? ot WBi Chr rawg embmld athakgi e heovtkdoea of

appear ance eiktiditali aburface facing the fitting ring and which are
arranged in the angles.

17. Illumination device according to claim 15,
characterised in that the light guide (50) consists of two
distinct bars (50a, 50b) which are each provided with a
light source (53) at one end, with a mirror (52) at the
other end and which are arranged close to two parallel
edges of the dial.

18. Illumination device according to claim 1,
characterised in that the housing of one light source is
formed between two cross-sections of the guide.

19. Illumination device according to claim 1,
characterisgd in that the housing of one light source is
formed between two cross-sections of the guide connected
to each other by a strip (26, 27) of material forming the
guide. ,

20. Illumination device according to claim 1,
characterised in that each light source consists of two
diodes arranged back~to-back.

21. Timepiece including an illumination device
according to any of the preceding claims.

22. Timepiece according to claim 21, characterised in
that the illumination device is incorporated into other
arrangements changing the visual appearance of the dial.



