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DIMAL FORMED OF A SOLAR CELL . I N PARTI CULAR FOR A TVR/EPI /.ECBOPﬂ

The present I nvention concerns a dial fornmed of a solar cell, I n
particul ar of t he regenerating phot oel gct rochem cal type t he
dial being intended to supply a horonetri (5 :L Es saplec

an electric 5 circuit of an apparatus such as p S oris
suchlike. The invention concerns nore partlcularly a dial wherei n the
face shown to the user has an original aesthetic appearance such as an
opal escent or netallic appearance. 10 . ¢ . Patent Docunent WO A-96/12989
di scl oses a watch di al whose horonetric circuit is supplied by a
conventi onal solar cell. Thendh d&as hed B Se3at ent cunment is
formed of a translucent ceram c 5N ' [ arrsyggd above the
solar cell so that the latter isiiridias uaniifem gsased vVMew. The

translucent nature of the dial alloms a suff|C|ent quantlty of | um nous
energy to pass to Iuntnate he cell. situated under

According to this Pate DB’E%ﬁ%htt l?‘ﬁ%ntsjtﬂ%rc%%f? ghd™ dl?lll‘ fcf’mfe vvho%ha
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made and nount ed. pHftSelectrochemical type, the dial being intended to
supply a horometric circuit of a timepiece or an electric
5 circuit of an apparatus such as a measuring apparatus or
suchlike. The invention concerns more particularly a dial
wherein the face shown to the user has an original
aesthetic appearance such as an opalescent or metallic
appearance. ' '

10 Patent Document WO-A-96/12989 disc;oses a watch dial
whose horometric circuit is supplied by a conventional
solar cell. The dial described in this Patent Document is
formed of a translucent ceramic sheet, such as Al203,
arranged above the solar cell so that the latter is masked

15 from the user’s view. The translucent nature of the dial
allows a sufficient quantity of luminous energy to pass to
illuminate the cell situated under it.

According to this Patent Document, the solar cell and
the dial which covers it are formed of two separate parts

20 which must be independently made and mounted. This
structure has numercus drawbacks. Indeed, a structure of
this type increases the number of parts involved in the
manufacture of a device having to be equipped therewith,
such as a watch and consequently complicates the

25 construction of such a device and increases the cost price
thereof. Moreover, the superposition of the ceramic sheet
and the solar cell leads to an increase in the watch’s
thickness. This superposed structure also leads to the
creation of an interface where incidental light reflection

30 interference is produced which is detrimental to.  the
global efficiency of the solar cell.

A principal aim of the invention is thus to overcome
these drawbacks of the aforementioned prior art by
providing a dial formed of one or more solar cells



)

structure has nunerous drawbacks. ,|ndeed, a structure of this type

i*ncr eases the nunber of parts involved in the manuf acture of a device
having to be equi pped therewth, such as a watch and consequently
conplicates the 25 construction of such a device and increases the cost
price thereof. Moreover, the superposition of the ceramc sheet and
the solar cell leads to an increase in the watch's t hi ckness. This
superposed structure also |leads to the creation of an interface where
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cell including a first substrate intended to be exposed to
the 1light and a second substrate carrying on their
cpposite faces electrodes between which is arranged a
physico-chemical system capable of absorbing light and
generating an electric voltage across the terminals of
said electrodes, characterised in that said first
substrate is formed of a translucent material.

According to a second aspect, the invention also
concerns a dial, in particular for a timepiece formed of a
substrate having a first face over which extends at least
one plurality of superposed layers defining at least one
n-i-p or p-i-n element inserted between two electrodes and
a second face intended to be exposed to the light,
characterised in that said substrate is formed of a
translucent material.

According to a third aspect, the invention also
concerns a dial, in particular for a timepiece, formed of
a substrate having a first face over which extends at
least one plurality of superposed layers defining at least
one n-i-p or p-i-n element inserted between two electrodes
and a second face intended to be exposed to the 1light
characterised in that said substrate is formed of a
transparent material and in that a layer of partially
transparent and partially reflective metal is deposited on
said second face of the substrate.

As a result of the features of the three aspects of
this invention, a monolithic dial formed of a solar cell
which fulfils the dual function of dial and electric
energy source is provided, for example for a timepiece or

[Bar bifc ther t§lbkuidesdl alsoa sonnde nof deraiogt and getl by heansxafipl e



10 cell including a first substrate intended to be exposed to the |ight

and a second substrate carrying on their opposite faces el ectrodes

bet ween which is arranged a physi co-chem cal system capabl e of absorbing
i ght and generating an electric voltage across the termnals of 15

said electrodes, characterised in that said first Substrate is
formed of a translucent nmaterial. According to a second aspect, the
i nvention al so concerns a dial, in particular for a tinmepiece fornmed of
a substrate having a first face over which extends at |east 20 one
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preferably between 15% and 40%.
With such transmittivity and low lighting, for
example 100 lux, the dial according to the invention can

15 provide a current of the order of 1pA or more, which is
sufficient to supply the time-keeping circuit of an
electronic timepiece. |

It will also be noted that this transmittivity easily
allows the use of a solar cell to be disguised, by giving

20 the dial a much more pleasing aesthetic appearance.

According to another preferred feature common to the
first two aspects of the invention, the substrate intended
to be exposed to the light 1is made from a base of
aluminium oxide, zirconium oxide or an opalescent glass.

25 Other features and advantages of the invention will
appear more clearly upon reading the following description
of embodiments of the invention given purely by way of
illustrative and non limiting example, this description
being made in conjunction with the drawings in which:

30 - Figure 1 is a schematic perspective drawing of a
dial forming a solar cell according to a first aspect of
the invention;

- Figure 2 is a partial longitudinal cross-section
of Figure 1; .

35 - Figure 3 is a partial longitudinal cross-section
of a dial forming a solar cell according to a second
aspect of the invention; and



- 3- . suchlike. "Translucent material"™ nmeans any material which

allows part of the incident |[ight to pass and diffuses anot her part

t hereof while masking fromthe user the el enents situated behind the
substrate made of such 5 material. As used herein, the term"light" means,
sol ar l'ight on any radiations allow ng_the_photoconversion process to
occur in the cell. According to an advantageous feature common to

t he first two aspects of the invention, the substrate intended 10 to be
exposed to the light has a light transmttivity, at a wavel ength of 550
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9 P a dial. P

With reference first of all to Figure 1, a watch dial
is shown, formed of a solar cell according to a €first
aspect of the invention and designated by the general

15 reference 1. Dial 1 is able to transform light rays into
an electric current by a process called photoconversion to
supply, via a supply circuit, a time-keeping circuit of a
watch. These circuits and their connections (not shown)
are well known to those skilled in the art and will

20 consequently not be described here in more detail. For a
detailed description of the photoconversion proéess
reference should be made to pages 302 to 312 of the work
entitled "Photopiles solaires" by A. Ricaud and published
in "Editions Presses polytechniques et universitaires

25 romands", ISBN 2-88074326-5.

Dial 1 according to a first aspect of the invention
is formed of a regenerating photoelectrochemical type
solar cell. Dial 1 includes a first substrate 2 and a
second substrate 4 including respectively over the whole

30 surface of their opposite faces an electrode 6 and 8
respectively.

A physico-chemical system 10 capable of absorbing
light and generating an electric voltage across the
terminals of the electrodes is arranged between the two

35 substrates 2 and 4. '

This system 10 includes a layer 12 of a semi-
conductive oxide deposited on electrode 8. Layer 12 is for
example formed of a layer of strongly textured titanium



bei ng made in conjunction with the, drawings in which: 30 - Figure 1

IS a schematic perspective drawing of a dial formng a solar cel
according to a first aspect of t he inventi on; - Figure 2 is a
partial |ongitudinal cross-section of Figure 1; 35 - Figure 3 is
a partial |ongitudinal cross-section af sa~dial formng a solar cel
according to a second aspect of the invention; and

-4- - Figure 4 is a partial longitudinal cross-section of a
dial formng a solar cell according to a third aspect of the invention.
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in turn in contact with a fine layer 18 of an
electrocatalyst, for example a fine layer of platinum
which is deposited on electrode 6.

.~ Substrates 2 and 4 are attached to each other, for
example, by a sealing frame 20 to define a space into
which system 10 is arranged.

According to the invention, one of the two substrates
2, 4 is made of a translucent material, it being
understood that the substrate intended to form the visible
face (or face exposed to the light) will be made of such
material. In the example shown, it is substrate 2 which is
intended to be exposed to the light and which is made of a
translucent material.

According to the invention, the material forming
substrate 2 has an incident light transmittivity comprised
between 10% and 50% at a wavelength of 550 nm, which
allows the desired aesthetic appearance to be obtained for
the dial.

In an advantageous manner, substrate 2 can be made
from a base of aluminium oxide, =zirconium oxide or
opalescent glass.

In order to obtain the desired transmittivity, one
acts essentially on the thickness of substrate 2 taking
account also, if necessary, of the grain size of the
microcrystals and the degree of purity of the material
used.

Substrate 2 preferably has a transmittivity comprised
between 15% and 40% at a wavelength of 550 nm.

It has been noted that with a substrate 2 thlckness
of the order of 0.5 mm and preferably 0.3 mm, three cells
comnmected in series having a total surface area
corresponding to that of a conventional watch dial (of the
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10 a thin layer of a mixture of tin and indium oxide or of
antimony and tin oxide. It goes without saying that those
skilled in the art could select any other equivalent

transparent conductive layer.

Substrate 4 which is not a priori intended to be

15 exposed to light rays, can be made of opaque material.

It will also be noted that all the materials used
which are capable of coming into contact with electrolyte
16, in particular the two substrates 2 and 4 and
electrodes 6 and 8, are materials which are chemically

20 compatible with the electrolyte of physico-chemical system
10. “"Chemically compatible" means inert materials, i.e.
materials which do not react with the electrolyte, in
particular with the redox pair.

Dial 1 finally includes a hole 22 situated

25 substantially at the centre thereof to allow the passage
of the shafts on which are fixed the hands of the watch to
which dial 1 is intended to be fitted.

It will be noted that the drawing does not reflect
the exact dimensions of the dial, these dimensions having

30 been greatly exaggerated for purposes of clarity.

Within the scope of the application described, the
substrate which is exposed to the light can also include
markings 24 (Figure 1) forming an hour-circle or other
inscriptions, these markings or inscriptions being able to

35 be added or etched on one of the two faces of the
substrate in question.

Figure 3 shows a partial cross-section of a dial 26
according to a second aspect of the invention. Dial 26



oxi de. This

[ system 10 further inc)Judes a nono-nol ecul ar col orant | ayer
44 which is

adsorbed at the surface of | ayer 12. System 10 includes a
non aqueous sol vent based el ectrolyte 16 containing a redox pair, for
exanple the 5 pair iodine/iodide, this electrolyte being directly in
contact with colorant layer 14. Finally, electrolyte 16 is in turn in
contact with a fine |layer 18 of an el ectrocatal yst, for exanple a fine

| ayer of platinum which is deposited on el ectrode 6. 10 Substrat es
2 and 4 are attached to each other, for exanple, by a sealing frane 20
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al so, if necessary. . rain s crocrystal s d
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through substrate 28. By way of example, electrode 34 like
electrode 36 can be formed by a thin layer of a mixture of
antimony and tin and indium oxide (ITO).

32a, 32b and 32c,
elementary solar cell 32, thus define a diode,

15 The three layers forming an
i.e. a p-i-
n junction diode including an intrinsic zone, inserted

between a p zone and a n zone which can be exposed to

light. This elementary solar cell 32 is formed of three
20 layers of semi-conductor materials having different types
of conductivity in order to constitute the p-i-n diode.
Layer 32a of elementary cell 32 is doped for example with
phosphorus to obtain an n type conductivity. The thickness
of this layer is preferably of the order of 10 to 20 mm.
The following layer 32b of elementary cell 32

intrinsic i layer which is thicker than the preceding one

25 is an

and in which a current is photo-generated when the cell is

exposed to light. Layer 32b has for

the order of 200 to 500 nm. Layer
30 cell is for example a layer of
silicon (a-Si:H) doped for example
type conductivity.

In this example,
substrate 28,
35°

type layer.

example a thickness of
32¢ of the elementary
hydrogenous amorphous
with boron to obtain p

p type layer 32c is the closest to
but of course according to an alternative
embodiment the closest layer to substrate 28 could be an n

With reference now to Figure 4 a partial cross-

section of a dial 40 is shown in accordance with a third



Substrate 2 preferably has a. transmttivity conprised bet ween 15% and

40% at a wavel ength of 550 nm 35 It has been noted that with a
substrate 2 thickness of the order of 0.5 mmand preferably 0.3 mm
three cells connected in series having a total surface area
corresponding to that of a conventional wagch dial (of the

- 6- order of 5cnR), allow sufficient light to pass even in | ow
lighting conditions (100 lux) to provide electric energy allowing a
time-keeping circuit of an electronic watch to be suppli ed nanmel y

typically an awspegs «ff re dnhvepnion, 5im whtichgeths samg elements “as
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art could sé ect any equl va ransparent con uctlve ayer.
Substrate 4 whirgrtialdyt rgfa)ectéweme‘éaﬂdlew tIRYRr 142 d§oierrsited PR #Bys,

can be made of HRAGHAIMREEE! 2L.of the subdtréitel opb6sibe f@deddhat all the
materials used This layer 42 has an incident 1light reflectivity
comprised between 90% and 50% at a wavelength of 550 mnm,

10 which allows metallic brilliance and thus the desired
aesthetic appearance to be obtained for the dial. In order
to obtain this reflectivity, one acts essentially on the
thickness of the metal of layer 42. This metallic layer 8
preferably has a reflectivity comprised between 85% and

15 60% at a wavelength of 550 nm. '

It has also been noted that a layer 42 having a
thickness of the order of 20 nm and preferably 35 nm,
allows sufficient light to pass even in low lighting
conditions (100 lux) for three cells connected in series

20 having a total surface area corresponding to that of a -
conventional watch dial (of the order of 5cm2), to provide
electric energy allowing a time-keeping circuit of an
electronic watch to be supplied, namely typically an
average current of 1uA at a voltage of 1.5V.

25 Metal layer 42 can be formed of a metal selected from
the group containing gold, copper, aluminium, silver,
platinum, palladium, nickel, titanium and rhodium. Of
course other metals having reflectivity characteristics of
the same order can also be suitable.

30 The deposition of the metal of layer 42 can be
achieved conventionally wvia cathodic sputtei:ing, chemical
vapour deposition or with an electron gun. This deposition
can be achieved through a mask defining the contours of

layer 42.



whi ch are capable of coming into contact with electrolyte 16, in
particular the two substrates 2 and 4 and el ectrodes 6 and 8, are
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particular wtRS - o Dal 1 finally includes a hole
22 situated 25 substantially at the centre thereof to allow the passage

of the shafts on which are fixed the hands of the watch to which dial 1

IS intended to beciaiMsed. It will be noted that the drawi ng does
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of the application desdri Béal. tim partigubay (fare ayrisgriecex fryagd oLt E

Ij[%ht can al so Inféé‘lﬂ? onﬁ NBéddriegat2dg ( Bigtoeléstiashdmigadn typs - ciolake or
ot her I nscri ptipns, .t r ki_ngs | oA bel b
nc18385 "R 4085 SBbst ARG IikefBIa PES e DUeE ¥3 be

added or etched oRctne aces 0 rate in question.

Figure 3 shows a paetibighty 038dsert (SHFOBE aSWPHIrale Carp¥ing dighy tdeir
second aspect gf bhsosiveenEnoss Blattdédes between which is arranged a

-1 physico-chemical system capable of absorbing 1light and
generating an electric voltage across the terminals of
said electrodes, characterised in that said £irst
substrate is formed of a translucent material

10 2. Dial, in particular for a timepiece formed of a
substrate having a first face over which extends at least
one plurality of superposed layers defining at least one
n-i-p or p-i-n element inserted between two electrodes and
a second face intended to be exposed to the 1light,

15 characterised in that said substrate is formed of a
translucent material.

3. Dial according to claim 1 or 2, characterised in
that said substrate intended to be exposed to the light
has a light transmittivity comprised between 90% and 50%

20 at a wavelength of 550 nm and preferably between 85% and
60%.

4. Dial according to claim 1 or 2, characterised in
that said substrate intended to be exposed to the light is
made from a base of aluminium oxide, zirconium oxide or

25 opalescent glass.

5. Dial according to claim 1 or 2, characterised in
that said substrate intended to be exposed to the light
has a thickness comprised between 0.3 and 0.5 nm.

6. Dial, in particular for a timepiece, formed of a

30 substrate having a first face on which extends at least
one plurality of superposed layers defining at least one
n-i-p or p-i-n element inserted between two electrodes and
a second face intended to be exposed to the 1light
characterised in that said substrate is formed of a

35 transparent material and in that a layer of partially



includes a substrate 28 formed of .a rigid plate having the sane features
as those of substrate 2 which has just been described with reference to
Figures 1 a includes a first face 30 on which are
deposited a5 urall successi ve respectively P, i, n, layers
32a, 32b, 320 mm‘}ﬂmkn two conductive | ayers 34, 36 form ng

t he electrode el ectrode 34 which is arranged between
| ayer 32c and i"n contact with the latter afi substrate 28 10 is
transparent, this electrode 34 being the elenent of the cell which is
intended to be directly exposed to the |ight t hrough substrate 28. By
way of exanpl e . e:for in
| ayer of a m x ure%% &ﬂ? é}%‘ r‘éol%%lgl ?%tfg'%g% gl g’%ﬂgggl (Jj’fs &ré?gfg)éfg topl
The three | as®id sgxnd B3xe C!ﬁ1dlh€33®lb5tﬂf'éltm ng an el ementary sol ar

cell 32, thus define;aglifdecdor@ind Rd "claim BU”EEEQQcQéPﬁéed”%U%@& an
intrinsic zone i nserted between™a p zone and a n zone ,.which can be

exposed to satht .Matak JaNmnt ABF s&@ arli@it §?§]se°ftd-ﬁ’ﬁ°§§' oFWré@eﬁo
Iaygrs of ssmbswdeu@d t o¥BgE aBB%haahtngadl‘iré*géP%ﬁgﬁlprif 5500 nm fand
con uct|V|ty|n er. o nstit t n di ode Layer 32a o

el enentary cel? %‘6 “feo?’n g@nﬁlng %Iol% phosphorus to obtain an n
type conductivity. T$1e Dislclamzerding dfo tdlain a§er cherpetérisedyinf thas
an O niri neri; Btet) of AN AGMT A 197 Aeleck RN VERE oxdt S, |
which a currerﬁOlil'éaMQ) gehdy ataé@“?oﬁéﬁmt-hesﬂéﬁrq splatl’é%‘ﬂosmltléqllught
Layer 32b {@s ﬁpék@xarmim&bl Cﬂﬁyaismpt-md cotpbgrorder of 200 to 500 nm
Lyl oac.of the ol STPRAY deeling ol SRR, orbat B rthet notpap
t?/pe con?ucti vthe . meta%. layei*nhahl a miatmpum, tﬂnt:}cpesbay:emp%ilseds beftween c
cl oses o] . n %
enbodi ment t he c#gsest ?’gier (fo Sﬂ%x at egaggcoug%i g ﬁfﬁ“'& bethakh' 45’

and 40 nm.
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type | ayer. ' Wth reference nowto Figure 4 a partial cross-
section of a dial 40 is shown in accordance with a third

- 8- aspect of the invention, in which the sanme el enents as t hose
described in relation to Figure 3 have been desi gnated by the sane
nunerical references. Unli ke the enbodi ment shown in Figure 3,
substrate 28 5 of dial 40 is transparent_ a partially transparent and
partially reflective netallic layer 42 is "deposited on an external face
44 of the substrate opposite face 30. This layer 42 has an incident

light reflectivity conpri sed between 90% and 50% at a wavel ength of 550
nm 10 V\hichwtallic brilliance and thus the desired
aest heti c appearance to be obtained for the dial. In order. to obtain

this reflectivity, one acts essentially on the thi ckness of the netal of
| ayer 42. This nmetallic | ayerp8z ORGP (G |2y STIAT gfrl,ectivity conprised
bet ween 85% and 15 60% at a 1 f o,n It has al so been
noted that a | ayer 42 havi ngw £ ﬁ s of 20 nm and
preferably 35 nm allows sufficient light to pass even in low |lighting

condi tions (100 lux‘i‘héoriﬁ\pér?ﬁtﬁ'ﬁl ! %ccé?ﬁ%ﬂge‘j éon %?fei.e%f its aspects
| concerns a dial, in particular for a timepiece, formed of
at least one regenerating photoelectrochemical type solar
cell including a first substrate intended to be exposed to
5 the 1light and a second substrate carrying on their
opposite faces electrodes between which 1is arranged a
physico-chemical system capable of absorbing 1light and
generating an electric voltage across the terminals of
said electrodes, characterised in that said first
10 substrate is formed of a translucent material.

Figure 2
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20 having a total surface ar.ea carresponding to that of a conventi onal
wat ch- di al (of the order of 5cnR), to provide., electric energy allow ng a
ti me-keeping circuit of an el ectronic watch to be supplied, nanely
typically an average current of 1pA at a voltage of 1.5V. 25 Met al

| ayer 42 can be forned of . a netal seleﬁt d from t he group contai ni ng
gol d, copper, alum nium silver, paai%un] pal | adi um nickel, titanium
and rhodium O course other nmetals having reflectivity characteristics
of t he sane order can also be suitable. 30 The deposition of the
metal of layer 42 <can be  achieved conventionally via cathodic
sputtering, chem cal vapour deposition or with an electron gun. This
deposi tion can be achieved throug Ig.rm'lsk defining the contours of

| ayer 42. -O- CLAI M5 1. Dial, in particular for a
ti mepi ece, formed of at | east one regenerating photoel ectrochem cal type
sol ar cell including a éirst subs =—TTntepded to be exposed to t he
| ight and a second substr&fe carryifig on their

1
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5 opposite faces el ectrodes between which is arranged a physi co- chem cal
syst em capabl e of absorbing |ight and generating an electric voltage
across the term nals of said el ectrodes, characterised in that

sai d first substrate is formed of a translucent material 10 2.
Dial, in particular for a tinmepiece forned of a substrate having a first
face over which extends at |east oke p2ura|ity of superposed | ayers
defining at | east one n-i-p or p-i-n elenent inserted between two

el ectrodes and a second face intended to be exposed to the light, 15
characterised in that said substrate is forned of a transl ucent

mat eri al . 3. Dial according to claim1 or 2, characterised in

that said substrate intended to be exposed to the |ight has a |ight
transmttivity conprised between 90% and 50% 20 at a wavel ength of 550 nm
and preferably between 85% and 60% 4. Dial according to claim
1 or 2, characterised in that said substrate intended to be exposed to
the light is made from a base of -al um ni um oxi de, zirconi um oxi de or 25
opal escent gl ass. 5. Dial according to claim1l or 2, characterised
in that said substrate intended tofFyeg.e&osed to the Iight has a

t hi ckness conpri sed between 0.3 and 0. 5%nm . Dal, in particular
for a tinepiece, fgrmed of 30 subgtrate havjing a fifst face [on which
extends at | &8st one plurality of superposed |ayefs definijng atzheast
one n-i-p{or pdi-n elenent insefted between two electrodeg and a
second face infendqd to be xposed o the |idght clParacteriysed iy that
sai d substrate®s fornmed of a 35 transparent material and in that | ayer

of partially . . < <
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p r SEARGH REBQRTa ﬂplif‘aéif’?'g%tgis%lq?é?al i s deposited on
face of the substrate. | 7. Dial according to claim®é,
sed in that said netal Bayer has a light reflectivity

CQr[’E’E)?P@)IBTHQIAIBSﬂ‘mand 50% at a wavel ength of 550 nm and preferably
lween

lj‘et QL  and o00c

OOt OU 70 0. LII al abIUFUI "y LU L,I d.l IITU L,Ild.l d.bLCT I acu
I n{t hat the nmetal of the netal |ayer is selected fromthe group
cont ai ning gold, alumnium silver, platinum palladium 10 nickel,
ti ganl um rhodi um and copper. . 9. Dial according to claim®,
characterised i npyaAll FORMED Ot 250124 CHIAS TN PARTICUIIAR Howess conpri sed

betfween 2 and 10 nm and a naxi num t hi ckness conprised between 15 and
40inm 15 - ATIMEPIECE o

The invention, according to one of its aspects concerns a dial (1), in par-
ticular for a timepiece, formed of at least one regenerating photoelectro-

chemical type solar cell including a first substrate (2) intended to be ex-

. posed to the light and a second substrate (4) carrying on their opposite: :
? ‘ .faces electrodes (6,8) between which is arranged a pﬁysico-chemical sys-
] tem (10) capable of absorbing light and generating an electric voltage
: | - across the terminals of said electrodes (6,8), characterised in that said first

. substrate (2) is formed of a translucent material.

Fig. 2
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