1 "TI MEPI ECE DI AL" (
Thig8p nvention relates to a tinepiece dial and to a net hoB..Uﬁ'Mil@.same,
an al though not so restricted, it relates nore-particularly to a watch
dial provided with a surface designy or one or nore |letters, synbols,
pictures, 5 marks and the,like whose concave and convex portions are
formed in a photosensitive resin layer. In conventional processes for

manuf acturi ng watch or other tinepiece dials, it is difficult or inpossible
to reduce nmanpower by automation -or nechani zation. ‘Dials, however, 10

are of ten"prxehbiees prarsnal | quantities so that the conventi onal procé'sses
are very costly. According to the present invention, there is provided a

ti mepi ece dial conprising a photosensitive |ayer having a surface at | east
part of which . hgU n, of in ne_or ‘nore convex or
_concave porti glr?gsa%\é\%ﬁ%%ﬁrhg?%eg% ap%%?%%c?ﬁ?rf%%ﬁse ,%gn%l a netal - | ayer

Whi ch CcOVBEEhad of Gmiding Neimadi £haJNEVGIduBR ot ES Glegtalilekal N Whol e of the
phot osensitive | ayer has been photopol ynerised. Pr ef er abl y al so the whol e
-2- of theebstied mord particulapereda Ratthaiadi phoviaed wiakaf . The said uneven
part nmay be formed with at | east one indiciumor aperture and/or with a
desi gn. Therfsacet dsigsi tazv one remors lpteder,abimbolsp\pidedres,

5 marks and the like whose conéave and convex portions are

formed in a photosensitive resin layer.

In conventional proceéées for manufacﬁurj;ng watch or
| other timepiece dials, it :Lé difficult or impossible to reduce
manpower by automation -or mechanization. Dials, however,
| 10 are qften produced in small quantities so that the
conventional processes are very costly.
According to the present in-vention, there is provided.
a timepiece dial comprising a photosensitive layer having
a surface at least part of yrhich is uneven by reason of
15 having one or more cofxvex or concave portions -and ﬁhich has.
been photopolymerised, and a metal layer whi:ch covers at L
least the said uneven part. ~
Preferably the whole of the photosensiﬁive layer

has been photopolyinerj_.sed. Preferably also the whole
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5 on a netal base plate and an adhesi ve agent may be provi ded
between the netal base plate and the photosensitive |layer. The dial
preferably conprises a transparent coating |ayer which covers at |east the;
said part of the said surface. 10 Preferably the surface of the
transparent coating layer renote fromthe said surface of the
photosensitive |layer is printed. The adhesive agent nmay be a m xture of a
hydrol ytic silicon conpound having an et hyl ene unsaturated substituent
group, 15 hydrol ytic tetraal coxy silane and a catal ytic conponent.
Thus the_catal ytic eprgpensdlld s5@tabs ilsChévab By the ARl WAL 1APeATUEOUS

acid. Preferably the thickness of the photosensitive |ayer is 8/ 100mm or
more. 20 TheThetsalid |geén payt caghd Formsa Mith)aUreast asler 0l €SS
plating layer, an electrolytic subplating |ayer- and a final plating |ayer..
Preferably, the thiiidiciun ok agerthie gndlqr wittiardésigs. pl ating | ayer and of

the electrolytic subplating layer is in 25 the range [err] to [err].
The said el ectrol ytic sHePEPIRsgnsiiiae Invprpis poefarably edovided pl ating of a
si ngl e net al 3 adr may he.constituted by an alloy plating of Ni, Co or

Fe. If desi _rséd, t he®t 3 ToPase,Plpttnad #opahesiyr) 2gpRrt 88Y & of the netal
layer are differ ent'grfol;rgglf %gpweoe%hgl{e metal base plaﬁe and the photosensitive

layér.
- " The Qial preférably comprises a transpa.rent coating layer
et which cover's' at lea.sﬁ the said part of the 's;aid surface.
_iO Preferably the surface of the transparent éoéting layer
| remote'_ from the said sur.ﬁce of the ;;hotosénsitive layer
is printed. '
The adhesive agent may be a mixture ':of a hydrolytic silicon
compound having an ethylene unsaturated substituent g:rd_up, |
15 hydrolytic tetrﬁalcoxy silane and a c_ataiytic component.
| Thus the catalytié can;ppnent may be tetraalcoxy titanium or
an ac,tueoﬁs acid. |
o Preferably the-thiclmess of the ptpi:osensitis}e layer
is Bllobm or more. | - ' | , .
20 . The metal layer may 'éomprise an 'N.:L.group eiecﬁrbléss
plating layet, an electrolytié subplatiné 1ayer and a fina.l
plating iayer. - ' '
Prefe:ably, the t.hiclmess:' of the 'Ni. group electroless
plating layer and of the .electro-lyt:l.c sﬁbplatitig layer is in
25 ‘the range 1,5008 to 3,5008. The said electrolytic subplating

layer may be constituted by a plating of a single metal,



The transparent coating may be constituted by a layer 0 5 . hot

t hi r than SOOA which is superinposed on said netal |ayer. Preferably,
the@i d transparent -coating layer is a filmcontaining at |east one

hydrol ytic silicon conmpound. |If desired, the photosensitive |layer has a
part other than the said uneven pgrt' which is provided with a col our 10
coating or with mat coating. The i"nvention al so conprises a nethod of

maki ng a tinepiece dial conprising providing a photosensitive layer with a
surface at |east part of whi.ch_.is uneven by reason of having_one or nore
convex or coneﬁ\f@g’pbf.t?d‘ﬁgt‘lfb‘d by an .al]ﬁlifog%aﬁ:g‘fl?néﬁfi ¥ n§oa® IFEast t héwkai d

uneven part, and vségﬁgdaptﬂee@fo hgf ssggglb&yﬂg%ﬁ%aggrﬁtng}[/\@ eh a netal |ayer.

Preferably, the pol'ymerisafion. rs. effect avi o 1 ght. The

ultraviolet |ig."BY & gégﬁctéﬁ#gz?mg%?aﬂ&ﬁ?%%gﬁg&béach other. @Y€l by way of

a t ranspar ent or sem -t rans'par _ / een used to formt he
sai d surface. The thaVerinsBarént bddrinl miyeBe dUREE thtlY s%f(ix pyeexanpl e, in

the acconpanying draw ngs, in which:- Figures '1(1) to 4) are sectional
views illustrabt thidker than 800Aawiiehvisisupaimposedioncéaidi Berqlr ocess for
producing a butler finished watch dial, Figures 2(1) and 2(4) are sectional
views illustraayery areferably. @I’plsatantn‘mpmeinngqqatdoeskayéorisf armng a watch
.. fi.lm cont.aining at. le;st one hydrolyfic silicon com_pound. |
If desired, the photosensitive layer has a part other
thé.n the said uneven part whiéh‘ is p;ovided with a colour
10 ._ coat.ing or with:maf coating. |
The invention éls_o com?ri_ses a méthod ;:f_mak_:i_.ng_
a timepiece dial coﬁﬁriéing préviding # photosensitive
layer with a surface at least part of which is unevén by
reason of havingl one or more convex or concave portions,
15 photopolymgri.si‘ng; at.lea.';it. the_ said uneven part, and -
coverihg at J_.easi.:.the aid une_veh_ part with a metal layer..
.Preferably, the polymeris.ation. is effected by
ultraviolet 1ight. | | |
The ultraviélét light may be directed onto the said
- 20 lafer by wal'r of a _transparen_t or semi-transﬁar_en_t__#ould
which has béer; useﬁ to fbrm.'the said_ surfacé.
‘The inveﬁticn is illustrated, merely by way of example,
in the accompar_nying drawings,. in which:-. |
| F:Lgureé 1.(1;) to l_ (4) a_re'se'ctiohall 'view_s j..llu..strat.jl.ng
25 ' Ia con;ventiénal manuf;cturiz.'xg. process for producing a #utler
finished watch dial, | |
Figuféé 2(1) ar;d 2(.4.') are sectional views il..lustrating'

a conventional manufacturing process for forming a watch



4 dial by a face-stanping process, Figure 3 is a sectional view of own
watch dial in wiich Jetters or other additional parts are inplanted,
Figures 4(1) and 4(2) illustrate a known nethod of making a watch dial by -
coining, Figures 5(1) to 5(6) are sectional views illustrating a first
enbodi nent of a nmethod in accordance with the present invention for
producing a dial of a wist watch 4@ = . or other tinepiece, Figures 6(1)
to 6(5) illustrate a second enbodi ment of a manufacturing nethod in
accordarce with this invention, Figures 7(1) to 7(5) illustrate a third
enbodi mept of a manufacturing nethod in accordance with this invention, 15
Figure 8 is.a plarfialely & facenatarpiagaprachsaccor dance wit h this invention,

and Figures 9(1) to 9(3 IIustrate a_prqcess far rrakln | astics noul d
or die. There are at Rt 3 thfo k?ﬁ?\ﬁ/\’lg'f?é't KR of B ]‘F‘BY”Pn ﬁ§° he 20

base plate of a C e of t ds 18 "hutler-fini shed"
dial has a hairlin g g?d'hlc}él’g °ﬁe‘2ﬁ%§ﬁ %&Fg 'étq‘ﬁr%fﬁ ded on the
surface of the bas&%%q%e% of the dial, and in the ot her of these nmethods a
stanped dial is for y ‘a stanping process. 25 : In the said one

method, i.e. the butlepedirBs QY aHEWRES ilﬁh&z@é&ei Rabws hgefodbea base plate
1, which rrﬁy be 0.3mmthick, and a central hole la therein are.press-cut
from a nickel - copmﬁélg)ya&ch QLAE bybestrdngas shown in Figure 1(1).
Figures 5(1) to 5(6) are sectional views i_llusttating
a first embodiment of a method in accordance with the
present invention' for produéing’ a dial of a wrist watch |
10 | or other timepiece,
~ Figures 6(1) to 6-(5) illustrate a second embodiment
of a manufacturing methoed in accordance wiﬁh this :inf.ention,
Figures 7(1) to 7(5) illustrate a ‘third embodiment of a
manufact&ing method in accordance with this inw;éntion,
15 . Pigure 8 is a plan view of a waﬁch dial in accordance
with this invention, and |
Figures 9(1) to 9(3) illustrate a process foi making
a plastics mould or die.
There are at present two known methods for forming the
20 base plate of a watch dial. In cne of these methods a
| "butler-finished” dial has a hairline design, a radial design
or the like provided on the surface of ‘the base plate of the
dial, and in the-other of these methods a stamped dial is
formed. by a stamping process.
25 | In the said one method, i.e. the butler-finished method,
the external shape of a base plate 1, which ﬁay be 0.3mm
thick, and a central hole 1a therein are pre.ss-cut from a

nickel-copper alloy or other board, as shown in Figure 1(1).



Feetf,z are then fixed to the base plate 1 as shown in Figure 1(2). There
a@a‘u;_present two nmethods for fixing the feet 2 to the base plate 1. In
R

ofipYof these nethods for 5 fixing the feet, silver wax is utilized. .
The feet 2 are formed of silver wax which has been introduced into a copper

pi pe.. The copper pipe portions of the feet 2 are tenporarily fixed to the
base plate |I by resistancé Weél ding, and the base plate 1 is then kept in a
furnace at a 10 tenperature of [err] for 5 minutes so as to nelt the

silver wax in the copper pipe portions. This results in conpletely fixing

the feet 2 tz%eﬁ;h? 28SEeR! mdlm%abgsgsgjﬁt%o{ datshisﬁo net hod, the base wiate

does not have any projecting portion or r-.det drnati on of the surface of
the base 15 i, piqdted @)1 to which the feet 2 are fixed. However, the silver
wax is nelted at” a high tenperature [err], so that the material of the base

plate 1 is annealmgdre ERE £XpRRiML tlo MBELERSEoP Rk gl eRONSI Sts of
BS(brass), the Vickers hardness which was 180Hv before it was put in the

furnace 20 feet ZI@6r€rRSBasd @18€8\. MicAd Jf Ehdse hbendaBi gdgnhess of the base
pl ate. A base plate of |ess than 30/100 mmthi ckness cannot be used in

pracsi ce. FuEikbey thé feeequsilvenivaxeim utilizkdr Theaféerg2td® base plate at a
hi gh tenperature of [err] is large.

formed of silver wax which has been introduced into a
copper pipe. The copper pipe portions of the feet 2 are
tenlporarily fixed to the base plate 1 by résistance welding,
and the base plate 1 is then kept in a furnace at a

10 temperature of 800°c for 5 minutes so as to. melt :the silver
wax in the copper pipe portions. This results in completely
fixing the feet 2 to the base plate 1. As a result of
this method, the base plate does not have any projecting
_portion or other defomaticn of the surface of the base

15 " plate 1 to which the feet 2 are fixed. Bowever, the silver
wax.is melted at a high temperature (800°C) s SO thgt the
material of the base plate 1 is annealed. For example,
if the base plate 1 consists of BS(brass), the Vickers. .- ) W/
ha::dﬁess which was 180Bv .b_efjore it was put in the furnace

20 decreases to 80Bv, which limits the thickness of the ‘base
_phte. A base pla,_té of less than 30/100 mm thic!mess-'cannot be:
used in practice. Further, the equipment required for -
heating the b&se. plate at a high temperature of 800°c

is large.
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-6- In the second of the said nethods for fixing the feet, sharp-pointed
feet 2 conposed of .pure copper are fixed into the base plate 1 by pressi
the feet into the latter and resistance wel ding by passing an electric 5
current between thé base plate 1 and the feet 2. The sharp-pointed portions
of the feet 2 are fixed by locally heating, since they have a high
resistance. In this nmethod, begat. is generated only at the sharp-pointed
portions. Thus, the hardness of the base plate 1 is naintained due to the
fact 10 that the heating is nerely | ocal. However, the pressure which
Is applined so as to firmy fix the feet 2 to the base plate 1 gives rise to
proj ections or other daftHerBecandsodltheheaid pehbds forofidihg these plate 1
which carry the feet 2. That is, projections of 10 to 20 [err] occur on the
side 15 of feet babarprbeited fanutodidospoed b rugetcoppexrareh affects its
appear ance, and these projections have to be renpved to produce an even
surface. After fi Ri¥rf ineo fthetbase| platgs}) hyopresging dherfeethintour f ace of the
base plate is polished with a feather cloth to provide it with a specul ar

20 - sur f ace theraStHR (3pd FRATSFRE. BRIGLRF (Y BAIRT Ay SIFAC however,
(oquires bigh Sk Lkl Sieed STLLPLEDS) LS Al erpauch pol [shi o
et el of (e O8agoPLal Sal i aRedBichle oV SR pBP eSS 110
mat eri al havi ng heating, since they have a high resistance. In this method,
A heat is generated oniy at the shazp-poinﬁed portions. Thus,
the hardness of the base plate 1 is maintained due to the fact
10 that_ the heating is merely lbéal. Boweirer, the pressure which
is applied. 80 as to firmly fix the feet 2 .to the base
plate 1 gives rise to proiections or other deformations
of those pottions‘ of the base plate 1 which carry the feet
2. That is, projections of 10 to 20 um occur onthe side
15 of the base plate 1 oéposite to the feet 2, which affects
its appearance, and these projections have to be removed
to produce an even surface. After fixing the feet 2 in
position, moreover, the surface of the base plate 1s.
éolished with a feather cloth to provide it with a specular
20 surface. This polishing process with a feather cloth, however,
requires high skill. If even a ‘small blemish remains after
such polishing, the appeuaﬁce is'hat.ily affected in butler
finishing. Purther, when the material of the base plate
has any defects (such as impurities and the iike_)', a specular

25 surface cannot be cbtained. Thus, a special material having



-7- little inpurity is required. The butler design, as shown in Figure
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/. are ten kinds of butler-designs-, e.g. a radial design, 5 a

i ne design and the like, for which special processing nmachine tools

equired. After that, a honing process is carried out by neans of a

al processing machine (not shown). This honing process is inportant

etermning the texture of the 10 dial, and a nunber of

rent kinds of honi ng7processes have been used Sur faces havi ng

rent textures can, for exanple, be formed by various kinds of abeasi ve
and by varying grain dianeter and honing time. Then plating is

ed out atln a first plating, followed by Ag
ng, 1‘p"r"*&-g| “5%" ?‘i“%& %or a final plating. Thus, as shown in

e 1(4) @hgl ngtléfr‘#rsi%x' dggl Wﬁﬁ.’ﬁl&' ng Jt)ay r 3. Subsequent Iy

er blasting an fare carrie a print-type dial is

eted. 2 ped by using & biedil® 52 é&sé}}xgt&%ﬁﬁé%ﬂg Bt i@y 07 Pr oduci ng
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the fomma:ahow iy Ridas S£2bdtlerdesdgRd Akl eg al b&dilaCAlsilgn, than carried
such treatnent being required to facilitate a subsequent face- 25

1(3%§>is formed by using a special processing nmachi ne tool. (not .shown).

St &1pi Ng- pr&GAILline design and the like, for which special processing

10

15

20

25

macl;ine tools are required.
After tha_i':,_- a hpning process is ca;'ried out by means | u
of a special processing'_m_achin_e (not shown). This honing
process is impo:i_:ant for detemining the texture of the
dial, and a number of different kinds of .honing processes
have been used. Surfaces having different textures can, for_..
example, be formed by various kinds of abrasive grain, and
by varying grain diameter and honir;g .time.
Then plating is carried out, e;_g; Ni platin_g for
a first plating, followed by Ag plating, Au plating and the

like for a final plating. Thus, as shown in Figure 1(4), _

O

the dial is provided with a coating layer 3.
Subsequently lacquer blasting and .pr_i.ntiz;g are carried _

out so that a print-type dial is completed.

o In the case of the stamping method for producing
a éial, a base plate 1 is press-cut so as to stamp out
the raw materia.l into the form shown in Figure 2(1). .

_ An annealing treatment is then carried out, such
treatment being required to facilitate a subsequent face-

stamping process.



X - .
-8- After that, as shown in Figure 2(2), a design is forned on the base
plate 1 by a face-stanping process. The face-stanping process conprises
farm ng a design on the surface of a netal

noul d and pressing the latter

(at a 5 pressure of 100 tonnes) against the base plate 1 to effect

cold working so as to give a desired pattern to the base plate 1. Since

this face-stanping

pressure of 100 tonnes, very | argeBand heavy equi prment is required for

processi.ng a smal |

central el e |la and the external
press cutting. Feet 2 are then fixed to the_base
shown in Figure 2(4), whften fRatroas shoymdp FigRrR2 3, 2 design (e feet by

i Bio0 Rioes B0 8, T ARERAY FehoTita e

te 1 has beer : G P8
rom fixing (he foofis; srepitl fASGedd pmlfial 2clafifs duel SOt 50,

resi stance wel di ng
pl ate 1 has been al

process is carried out by friction pressing at a

10 dial. Next, as shown in Figure 2(3), a

f%%%%% 501 theao97% R

e

shape of the base plate 1 are formed by
|ate 1 with silver wax as

Subsequently, a pl afidGch 2 kel fbuifana"GrdsB i) W CReRaf 0REI 410 | ayer 3

as shown in Figure 2(5) and a printing are carried out so as to produce a

printed digl. As deggddshiesl o20LOE tomnds)i

required for formng a stanped dial, mh?%t ten different
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cold wo:kin_g so as to give a desired pattern to the base

plate 1. Since this face-stamping process is carried out by

friction pressing at a pressure of 100 tonnes, very large

and heavy equipment is required for processing a small

' dial. Next, as shown in Figure 2(3), a central hole

1a and the external shape of the base plate_ 1 are formed.
by' press .cutting. _

Feet 2 are then fixed to the base plai:e 1 with .silver
wax as shown in Figure 2(4), with the result that fixing
the feet by resistance welding cannot be used. This is
because the surface of the base plate 1 has been already
provided with t.he required design, so that the projecting
portions of the surface of the base plate, which would arise
fz_ai f£ixing the feet by resistance welding, cannot be
remioved._. . |

Mseqmntly. a plafi.ng treatment, a coating to produce
a coaﬁing layer 3 #s shown in Figure 2(5) and. a printing are
carried out so as to produce a printed dial.

As described abové, a f:ict:l.o@ pressing of 100 tonnes is

-:equired' for for;ning a stamped dial, while ten different _

1R85t he SsdsadpRfte 1P Rot £F¥RE IS 25



-9- mork machi nes corresponding to the various designs are requi-red for
formng dials provided wth butler design patterns. Further, '‘beth of the

a ~ment i

oned processes require high skill. 5 Furt her nore,

t e are two nethods for fixing the feet, that is, by resistance wel ding
and by using silver wax, which cannot be conbi ned under the present

condi tions.
provi de an

As indicated above, it is technically difficult to automate and
assenbly line fog .a method 10 i nvol vi ng a nunber of

di f f erent manuf acturing processes. Even if it were possible, a |arge anpunt
of devel opnent cost and plant investrment would be required. In Figures3
there is shown a further known printed dial 1 which may be nade by the
processes Oaik bdMind$d Yéresdending to MKdvidieaslaepagis adesuch as letters,
mar ks or parts provided with wi ndows being inplanted into the dial. The

addi ti onal

Fegfuised! fop framingldiale providedt wikhf eettleeaddsigand correspondi ng

holes for these feet are provided in the printed dial. |If a part provided
with a w ndmatgtesng.o Facthemnp|botheof théabdivertmepbioned procegses ovi ded with an
openi ng corresponding to the wi ndow. .Then the additional parts 4 are.
fini shed byregmir«i ddgh #kild- theminto the dial blank and the caulking is

rei nforced

i mpl anted |

10

15

~ with windows being implanted into the dial. The additional

20

25

"by injecting an adhesive agent. The_najorrééeof:such I mpl ant ed
di 8 s are thoseFygFhezmmore, thepsaxe W @efhods, for fixing &he

Usual Iy the
gtters. _ L o - :
eet,that is, by resistance welding and by using silver wax,

v

which cannot be combined under the present conditions. \J

As indicated above, it is technically difficult to
automate and provide an assembly iine for a method
involving a number of _differehtmanufaci;uring processes.
Even if it were possible, a large amomi:-*'of de'veldﬁment
cost and plant mvésunent would be required. |

' In Figure 3 there 'is_shown a further known printed
dial 1 which may be made by the processes described above,

additional parts 4 such as letters, marks or paits érovided

parts 4 to be implanted have two feet each, and corresponding e

holes for these feet are provided in the printed dial. If
a part provided with a window is to be implanted, the dial
is provided with an opening corresponding to the window.
Then the additicnal parts 4 are finished by caulking
to £ix them into the dial blank and the caulking is
reinforced by injecting an adhesive agent.
The majority of such implanted dials are those in

which letters are implanted. Usually the implanted letters
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- 10 - are as many as 11 or 12 and the cost of the additional parts is
-rather hi.gh. The inplanting involves many steps, is difficult to auto

and requires a nunber of hand operations. Moreover, 5 i mpl ant i y
hand is a very delicate operation and the worknen mho performit nust be
highly skilled. Figures 4(1) and_4g2) illustrate a known ‘process for
coining a dial. The sane process as expl ained above in relation to the
printed dial is followed in fixing feet 10 to the base, providing
design, -pl ating and coating. Then by coining with a press die, the letters
are rai s5ed as shown by Figure 4(1). The raised letters are finished by a

di acut, as shown iareRaguasy 462)1 ozNik tahe tHeatdstJof NhePiddikisgaion the di acut
15 surface of the raised letters term nates the whol e process for

produci ng the coi pedtsliial rather\ilighh the dial and the letters are integrally
- formed. Conpared with the inplanted dial, the coined dial does not require
hi gh skill in form ng Thet implentingaintiodve Many stepdl dskdiffieuldoi ned dial,
however, has two mmjor defects: First, since the production of netal dies
for forming the r :EPS%‘EF%FQ apd requixps: rewbemfvbandcmngonsa Yerepvexi t abl e
where the punber frtlcles to be produced is larg

Secondl_y here i §"n8 FEirg b Bipdois t%éfe%rdPH‘iFth%%SF’@ﬁ‘sand the
‘'workmen who perform it must be highly skilled.

| Figures 4(1) and 4(2) illustrate a known process
sl _ for coinihg a dial. The same process as explained above in
relation to the printed dial is followed in fixing feet |
10 to the base, providing design, plating and'coating.
Then by coining with a preés-die, the letters are
raised as shown by Figure 4(1).
The raised letters are finished .by a diacut, as shown
in Figure 4(2), and the plating and printing on the diacut
15 surface of the ra:l.sed. 1ettérs. terminates the whole process
for producing the coined dial, in which ﬁhe dial and the létters
are integrally formed. |
Compared with the implanted dial, the coined dial
does not require high skill in forming letters on a dial
20 blank.
 The coined dial, however, has two major defects:
First, since the production of x;letal dies for forming
the raised letters is very expensive, coining is only suitable
where the number of articles to be produced is large. |

25 ‘Secondly, there is a limitation on the variety of designs



-whi ch can be provided by coining, because, since, t he dial and the letters

are _integral, it is not possible to performa diacut finish on 1etters of
cor cated design. The object of the present invention is therefore 5
to vi de an inexpensive nethod of nmanufacturing various kinds of watch

dials in small quantities. In one enbodi nent of the present invention, a
phot osensitive resin nononer |ayer of a predeterm ned thickness is
therefore inserted between a base plate-of a 10 . _ wat ch dial and a
resin nould provided with tthe desired design surface of the watch dial.so
t hat the photosensitive resin nonoer. layer is given a dial surface
portions of which are convex or concave. The photosensitive resi-n nononer
| ayer is then hardened by irradiating its surface with 15
ul travi ol et which sandee PERVIdedi Bt icoiinghi kerawas, fdnsedhehdigh the resin
moul-d. After that, by renoving the_resin nould, the photosensitive resin
| ayer on whPBf tRelethersareiisregrabs ithis Medi Pessiliel 1B HOER printed is
formed on a base plate.. Subseguently, ay&in- %allic | ayer is forned 20
on. the diaf c%‘gfhtﬂ’eiﬁﬁ'iﬂt&s%%ﬁc’w %gf Si®eer by a dry or a wet
process, so that,.a EL i e% ﬁ% g&g,l_ ' iggu eqﬁe f the advantages of
wat ch dial s obt_%e’ej%ﬁgt e\ﬁfgr%' oa eé‘é??'g{a i"?\s t egpyr%ggi ous paragraph is
tgat a 25 g5 providdWRCindlipefliive héttoadb lnadlE{AGE End Y P! Oduced Wi th
kinds of watch dials in small quantities. '
In one embodiment of the present invention, a o/
photosensitive resin monomer layer of a predetermined
thickness is therefore inserted between a base plate of a
10 watch dial and a resin mould provided with the desirxed
design surface of the watch dial so that the photosensitive
resin monomer layer is given a dial surface portions of which
a;.-e convex or concave. The photosensitivé resin monomer layer
is then hardened by irradiating its surface.with
15 ultraviolet radiation (UV radiation) which has passed through
the resin mould. After that, by removing the resin mould,
the photosensitive resin layer on which the surface -
design of ‘the resin‘mould has been printed is formed on a
base plate. Subsequently, a thin metallic layer is formed
20 ' on the dial surface of the photosensitive resin layer by
a dry or a wet process, so that a desired wai:ch dial
is produced.
One of the advantages of watch dials obtained
by the met;hod_'d_esc_ribed in the previous paragraph is that a

25 " number pf different dial surfaces can be 'produced with



- 12 - one apparatus nerely by respectively using different resin noul ds.
Further, the UV resin can be hardened within a short tinme by the use of _
si npl er- equi prent t.han that required for a conventional nachining procegsiggb
Therefore, it is easy 5 to mechani se and autonate the process, and a
manuf acturing |line wherein respective processes are directly connected to
each ot her can be achieved. Another advantage is that the variety of watch
dial s which can be produced is incrgased: That is, by preparing one naster,
a resin rmould 10 whi ch can be usedin the nethod of the present

i nventi or~can be easily produced by casting and subsequent thernal

pol yneri zation, for exanple. Further, by using the naster repeatedly, a

| arge number of resin nmoulds can be produced so_that, usi ng one mast er
repeat edl y, a | ar ge % aPParafys{perelyt by rasrertiyely “ﬁb‘?ﬁl ﬁger@gg ¥$#ipr oduced.

As will be appreciat the cqQst of making,the ster |s |n5| ni f.i cant,
since a large nunbé‘?"“g? Fal’g‘ec%’ﬁg"bﬁ&ﬂ:ﬁe & resin

| d duced f Furth d bt whi ch
have 20 not beUEprHeE S%m'%%ev e 7, 8 °""”t%9ﬂ%ﬁ§ At " ©
processes of the C%}‘egtéﬁmcﬁig?wfg’?g%#{dhﬁ%‘{gggﬁdTﬂé"e‘(} Lg RKEs (%lghw .

di als. Manufacture of watch S resent |nvent|

be describeg in det@ helinehddhiCutdate the Pebhsk, Pind'd)nHueaXaibihg

line.wh}erein respective processes are directiy connected
Ao " to each othei- can be achieved. Another advantage is that
the variety of watch dials which can be produced is
increased. That is, by preparing one master, a resin mould
10 which can be used in the method of the present invention
| can be oasily produced by casting and subsequent
thermal polymerization, for example. Further, by using the
master repeatedly, a iarge number of resin moulds can be
produced so thnt, by osing one master fepeatediy,a large
15 . number of dial display portions can be produced.

Ag will be appreciated, the coést of making the master is
insignificant, since a large number of watch dials can be
produced by the use of :esin moulds produced from one
master. Fur_ther, designs can now be cbtained which ha;re

20 not been practicable previousiy becanse of the numerous
| procosses of the conventional ma'nufactu.ring '.method usod
to make watch dials.

Manufacture of watch dials..aocording to. .the _.
presenf: in#ention wili be described in dei:a.il hereinafter .

25 merely by way of example.
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-13- Exanple | A base plate 10 of 20/100 mmthickness is forned by stanping
out steel material, as shown in Figure S(1). In the conventional nethod of
watch dials, 5 the material of the base plate is restricted *
w&zgk - copper aIon and to brass which has been specifically tenpered to
|nprove its characteristics. On the other hand, in the method of the
present invention, the material of the base plate 10 is not so restricted
and many kinds of materigl _10 . -can be. used. This greatly reduces the
cost of the base plate 1 “For instance, nickel- copper alloy used in the
conventional base plate can cost nore than three tines as nuch as st'wl .
Next, as shown in Figure 5(2), feet 12 are fixed to the 15 - base plate
10 by resi stance wel di ng. Wen resistance welding, the surface |0Oa of the
base plate 10 to which the feet 12 are fixed is distorted so that
proj ections Bxemplel @) to 2/100 mmin thickness can occur in the opposite
surface lob too. But these distortions are insignificant, since 20

the |ayer 15 of % D3RR RISERSTY PE L0 P BisHResS %sf‘fﬂ"ﬁ‘é‘a on the surface 10b
f the b t 0 th t 5(3). Inth
gonveﬁtig?\gl & 83 é" i Staed B '@Ft'): e%?esMeg’\gp Eéﬂgage \(Nel)di ng, tﬁe
proj ecti ons prodﬂ,‘c J&n%i%ﬁ?f "B't’géf ]}rn%giﬁ %Qtéﬁ ‘*lgignce 25

wel di ng nust be Terpved so as to produce an en SurTace’
5 the material of the base plate is restricted to nickel—copper

alloy and to brass which has been specifically tempered
to improve its characteristics. On the other hand, in
the method of the present invention, the material of the base
plete 10 is not so restricted and many kinds of materisl
10 can be used. '.l‘his greatly reduces the cost of the base plate
10. PFor instance, nickel-copper alloy used in the
conventional base plate can cost more than three times as
much as steel.
Next, as shovm in Figure 5(2), feet 12 are fixed to the
15 base plate 10 by resistance welding. When resistance welding,
the surface IOs of the base plate 10 to which the feet 12 ' -’
are fixed is distorted so that projections of 1/100 to
27100 mm in thic]mess can occur in the opposite surface
10h £00. But these distortions are insignificant, since
20 the layer 15 of a photosensitive resin ‘monomer is formed
on the surfa_ce 10_13 of the base plate 10 in the next
process, as shotm in Figure 5(3). In the conventional method,
when the feet 12 are fixed by resistance welding, |
projections produced on the base plate from such resistance

25 welding must be removed so as to produce an even surfece,



14 but this is unnecessary in the nethod of the present invention. Thus,
adequat e_anount. of XkP 700 photosensitive resin produced by Asahi Kasei CZ%E»
is applied to the surface 10b of the base plate 10 5 to formther

| ayer 15 and a transparent or sen1-transgarent CR-39 resin nould 14, whi ch*

I's provided with a desired under surfacd design having a plurality of

convex and concave portions is placed on top of the layer 15. The thickness
.of the photosen3|t|ve resin nonomer |ayer 15 may be 5/100 mm 10 t he

[ ayer 15 bel ng | 0 opkednbplCRhddlEs 1356 A SodBaDH dioplighp moul d 14 T

such a way as to exclude ai'r osensitive Tesin nonomer |ayer

15 is cured by diregljengid.t I 0! 84 Jg@?ﬁﬂel Q&&Wof%&‘?a%d)n) of 20 mWonto.

the top surface 14a of the resin ‘nmoul 30 seconds so that

this radiation passgptbbésiidivé tRsif Proandud By Ixkbatidxdsel o6H.a48S t he upper
surface 5a of the layer 15 whose design depends upon that of the resin

woul d 14. The phot agplsed iteethe Subfsde 108 drayre bhbeiglatel Frted to provide
good noul d. release characteristics.20 with respect to the resin nould, -
good adhesi ve propetd ifosm tihehlayespts tanloa ttiraniperenp| et eeﬁﬂ-trgnxpirenihey ve
properties with respect to a subsequently applied thin netallic |ayer 16,
and chemi cal resistGvd@ xesisomuldgléomhbeh dsupmayifed avith s dgsired undex ng
process. The material of the resin 25 nould 14 is selected to enable the
resin nould to be &¥¥Eprge Sesign &aving @ PHFradi ofgowmnyext ask gancave portions

ol ynmeri zation
poty ) is placed on top of the layer 15. The thickness of the

A . photosensitive resin monomer layer 15 may be 5/100 mm, '
10 the layer 15 being inserted between the base plate 10 and
the resin mould 14 in such a way as to exclude air.
Next, the photosensitive resin monomer layer 15 ie
cured by directing ultraviolet radiation (UV radiation)
‘of 20 W onto the top surface 14a of the resin mould 14
15 for 30 seconds so that this radiation ' passes thrcﬁgh the
resin mould 14 and irradiates the upper surface 15a
of the layer 15 whose design depends upon that of the resin
mould 14. The photosensitive resin of the layer 15 is
selected to j_:rovide good mould. release characteristics
20 'with respect to the resin mould, good adhesive properties.
with :espeet to the base plate 10, good adhesive properties
with respect to a subsequently applied thin metallic layer
16, and chemical resistance to coat:ix_xg solvents used_ _
in a subseéu'_ent coﬁti.ng p:oéess'. The. materiel of the resin
25 mould 14 is selected to ehabie the Iresin niohld to be easily

produced (e.g. by coating and thermal polymerization)



s . .

- 15 - to be resistant to reaction with the photosensitive resin used, to

gi ye_good noul d rel ease characteristics fromthe cured photosensitive resin
antMyo give high transmttance of the ultraviolet radiation whose
wavel ength is about 5 365 nm A nethod of formng the resin nmould

14 will now be described. First, a master is fornmed of netal, and a casting.
resin is cast between the netallic nmaster and a glass plate, the resin is
cured by thermal polynerization and is 10 subsequent |y taken off the
-metallic master and the §Pass plate so as to conplete the production of the
resin mould. The nmetallic nmaster can be used repeatedly, and many resln
nmoul ds can be produced fromone nmetallic master. An acrylic resin sui tabl e
for casting, a transparent silicone rubber 15 resin suitable for
casting, astRehe rasigtREBGS E839tioR Mitheth Phetasansidive resiRsi n noul d. Next,
when the resin_nould 14 is renoved after the | ayer 15 has_-been cured by

phot opol yner#et *8nd "Fh%?‘?’&@eﬁ’?&sﬁfdﬁ?@"m& Erom §E8 esin | ayer 15

i s uneven by re n_20 havi ven th de3|gn of the nould
surface of Fﬁ’é ‘fgg‘??sﬁﬁfﬁ}vffeﬁ'“ i nlb%#‘ l?)“ft &® adher ent
properties e gﬂg %i% Qgﬁ th respect to the
-base pl ate g iE’:’%n }'%%fr‘%\s/g gié'gwsg rve %?o good netallic
adhgrence tgsghﬁ,photosen5|t|ve 25 re5|n. I'n order to i nprove the

adherence further, the
A method of form:lng the resin mould 14 will now be

described. First, a master is formed of metal, and a _casting u
resin is cast between the metallic master and a glas; plate,
the resin is cured by thermal polymerization and is
10 subsequently taken off the metallic master and the glgss
plai_:_e so as to '_complete the production of the resin mouj_.d. |
The metallic mast_sr can be used repe_atedly, ‘and many resin
moulds can be produced from one metallic master. an acrylic
' resin suitable for casting, a transparent silicone rubber
15 resin sﬁitable for casting, as well as CR-39 resin, can
be utilized foﬁ ‘the resin mould. - _ | .
Next, when the resin mould 14 is removed after the layer
15 has been cured by photopolypezi_sat:_‘.on, the surface 15a
of the photos_a_nsitive resin laye: 15 is uneven by reason
20 of having been given the design of the mould surface |
of the resin mould 14 as .s-hown in Pigure 5(4). The adherent
propergies of the photosensitive resin of the ;a:}er 15 with
;especi_: to the lea_se_ plate 10 can be improved by addix.:g.an
eélzesive cf good metallic adherence to the photosensitive

25 resin. In order to improve the adherence further, the



- 16 - adhesive of good netallic adherence nmay be coated onto the base
plate 10 after, the.feet 12 have been fixed by welding with the result that
the adhesive in a half-cured state reacts on the photlosensitive resin so a5
to provi de adequate 5 adhesion strength. After that, ultraviolet
radi ation of 20 mWand 365 nmis directed onto the surface 15a of the

phot osensitive resin for five mnutes, so that the photosensitive resin

| ayer 15 is conpletely pol ymarl"zléﬁ ifon cured. 10 Next ,
nmetallizing is carried out on the surface 15a of the photosensitive resin

| ayer 15_by a wet plating nmethod or by a dry plating nmethod so as to
produce the thin metallic |ayer 16, as shown in Figure 5(5). In the case of

the wet plating melhgg . anoelesd mabepicNaplalidsl be coqteal suibhe mst

suitable having regard to t appear ance o e plating layer 16 and the
adherence of the plglidigel fibRe P aktfed RRe PFEQEOSL ARV b¥en F2RED HyaWélaidg. A

prelimnary treatnment is carried out prior to such plating, by which the

resin i s dispersedwifn &nki fesullt GihadetimOhdlidsate 20 a half-curklh staitdt i on) for
one mnute, washed with water, and then di spersed in.a palladiumchloride

sol ution for one nreadts oanthei shatobaesitivd Irgsiva sheals wot prowdde rdegehter i ed.
After the above-nentioned prelimnary treatnent, the resin which has been
so prepare8l i s di spéhesigni strengtls After thitgcultraviclely radiatian/opl ating
S- 680 produced by ' ' '
20 mW and 365 nm is directed onto the surface 15a of
— the photo#etiéitive resin. fc;r five minutes._ so that the.
| photosensitive resin laye:lls is compietely polymerization .
..cure.d.. _ . ..
10 | Next; metallizing is carried out on the surface 15a
of the photosensitivg resiﬁ layer 1_5 by a wet plating
method .or by a dxy plating method s0 .as to produg:_e the .
thin metallic layer 16, as shown in Figure 5(5). In the
case of the w§t platin§ method, an eleéfroless Ni plating
15 is the most suitable having regard to the appea:iahce of
the plating layer 16 and the ad.'n_er_e.nc_e of the plating layer
N 16 to the photosensitive resin layer 15. A preliminary
treatment is carried out prior to such plating, by which
the resin is dispersed in ; tin-- chloride solution .
20 {1% solution) for ocne minul:e, washed with water, a:;d
then_ dispersed :Ln a pallayiiun chloride soluﬁion fo; one
‘minute, and is subsequentljynshéd with water and c;_lr'ied..
Afteﬁ: the abcvé-mentiﬁned prelimir_xaxy.-_treatml'ent,
the resin which has been so prepared is dispersed in an |

25 electroless Ni-P alloy plating S5-680 produced by



17 Kanizen Co.) at a tenperature [err] for one mnute. Next, as Ni-P

: plati_g and a final plating (Au-P, Ag-P and so on) are conducted thereon by
an. j-nary el ectrolytic plating nethod. -5 A deposition process
and puttering process can be enployed as-a dry plating process. In
partT™Cul ar, a | ow tenperature sggtterlng process is the nost suitable for.
netallizing the surface of the r For instance, in the case of a gilt O
col oured metal |'i zi ng proCess Ni of 1000 Ais sputtered by a 0 10" - | ow

t enper aturlean%gg%| [i ”9:: glﬁpae%gguﬁ Eg%tﬂ‘?:”or@‘m% é‘ttp 0 1000 Ais__

Sputtered, so t the col our can alﬁed dependi ng iga t he

thickness gaf yAup ﬁ‘at%g rsﬁaat If'iawqalath% ®eH,! hg-2 %}4 solﬁni s coated wifth a

transparent coating |ayer 13, the upper surface” of t transparent
coating | ey cdndictedrinakesh b3Ngh (RA1sHrY elsctpynpdiedy mttingo that a printed
dial provided with a required surface design is prOV|ded as shown in Figure
5(6). The mdxdos&@; nenti oned exanple, relates to a printed dial provided with
a surface design having a plurality of both convex 20 .. and concave
pobti ons. Howedelepogitiical proresacandne sputherimgecprcmse camdber convex
portions, and optionally provided with one or nore indicia such as letters,
synmbol s, RPloyed agndl er@%ﬁﬂ/@cﬁﬁhmtpa&r@&sﬂ%‘ne&ﬁ@% or window, can be
pr oduced

temperature sputtering prooess is the most suitable for metallizing
the surface of the resin, fbr instahce, in the case of a gilt
coloured metalliring process, Ni. of 1000' 2 1s spt.zttered by a V
10 low temperature sputtering apparatus, and then Au of 500 : tp
1000 A is sputtered, so that the desired gilt colour can be
obtained depending on the thiclmess of Au.
After metallizing, the metallic layer 16 is coated with -
a transparent coating layer 13, the ﬁpper surface of the
15 | transparent coating layer 13 .is printed, and the dial is punched
out so that a prihted dial provided with a required surface
design is provided as shown in Figure 5(6).
The above-mentioned" example, relates to a printed dial -
provided with a surface design having a plurality of both convex
20 and concave portions. However, a dial having one or more
concave and/or convex portions, and optionally provided with
one or more indicia such as letters, symbols, pictures and
marks and/or with at least one hole or window, can be produced
in the same way as that of the above example by forming

25 a suitable resin mould.



in the same way as that of the above exanple by form ng 25 a suitable

resin mould. . - 18 - The nethod described in Exanple | has the foll qgsng
advant ages: - (1) The amount of both | abour and equi pnent is reduce@ﬁi
a manufacturing line can be easily established. 5 (2) A nunber” -
of different kinds of dials can be ecomom cally produced in small
quantities. (3) No | arge apparatus is required. (4) The tinme taken to
manuf acture the dials can be greatly l§nt)rtened 10 (5) Factory '
space can be greatly reduced. (6) The variety of design of the dials can
be increased. (7) I ndirect costs can be reduced by sinplifyi ng t he

manuf act uring procesSqmd §hehoa Qgcf@e? % %ﬁoi HaS0tNd @c$ skills.
15 Exanple Il F| gur-es 6(1 to 6(5 trate a secon od| ment of
this Invention. Fidwhtagdg:ansp rent file 26 of polyethylene ter epht hal ate
(PET) resin is put on a mask 25 which has a transparent 20 part

correspondi ng to tfie radmel adounBNEE bAEh 1abbui MR déqulipaeit @sbl ack part -
corresponding to th periphery thereof. Then a spacer 27 which is as thick
as the dial, is preducdédcndranatufdeturtng (Lline \canf bd kasilynestaldshedET
5 | (2) A number of diffexent kieds of dials can be |
economically produced in small quent-ities.
_ (3) No large eppeietus is requi.red. N
S _ (4) The time taken to manufacture the dials can be
| | gz'eetly shortened.
10 5y Factory space can be greatly reduced.
'(6) The variety of | design of the dials .cen be increased.
N Indirect costs can be reduced by smpufyi.{:g' the
manufacturing process. - |
(8)  The method does not require special skills.
15 . Example II |
o Figures 6(1) to 6(5) :I.llust.ﬁte a second 'embod.imt

of this ;I.nvehtion.
First a t:enepa::ent £ilm 26 of polyethylene terephthalate

(PET) rxesin is put: on a mek 25 which has a t.ransperent
20 part corresponding to the radially inner paxt of the aial
and a black part corresponding to the periphery thereof.
" Then a spacer 27 which is as thick as .the dial, is
p:ov:l.ded around the periphery of the t:ansparent m
£ilm 26. ~An app:opriete quantity of a photoeene:l.tive
25 plaeties monomer 28 (XFP 700 by Asahi xasei co.

Ltd) is applied near to the centre of the PET film 26



film26. An appropriate quantity of a photosensitive 25 pl astics
er 28 (XFP 700 by Asahi Xasei Co. Ltd) is applied near to the centre
) PET film 26 19 (Figure 61)). The photosensitive plastics nononer
‘ not include foanms and so it is desirable to effect a vacuum
de-aeration after applying the nonb®er 28, if possible. A die 40, forned of
a plastics material nmarketed as CR-39, 5 I's provided with an uneven
under surface design 40a incorporating both convex and concave portions and
is also provi ded with concave |letter nould portions 40b. The die 40 is_
placed so agp a@fw)ch -H&e RbQIseRsNGivel YEasRli 85 tidhemePR@TEr 28 betweed the
die 40 andthe PET 1l m 26. t this tine, 10 care nust be taken to
prevent airpidORoeNiRIuEE fahvenid BbeitPES dédirmBle apdeffeetpl astics die 40.
To ensure that air is excluded it is desirable to place the plastics die 40
i N a vacuumaOfaduth'de-laekatiohhafceruappipningl tte manbumxi 28, (1f) pbeaible. a
wavel ength 15 of 350.to 400 nmis applied to the photosensitive .
mononer 28 froma Bge si0jefaximehef mapkastics material marketed he GRrdPosensiti ve
nmononmer 28 (Figure 6(2)). The photosensitive nmononer 28 is- hardened by |ess
thag 5 seconsprompded withan gheven uphrdexsguyfacpodesign 40a ingerpoFRbingensiti ve
plastics material used in this embodinent is sel ected by taking account of
factors suchetls crevemsedranceye fm*?’ffeﬂﬁés‘t piso @I’@%d\/\milh i's used,

concave letter mould portions 40b. The die 40 is placed

so as to sandwich the photosensitive plastics monomer

28 between the die 40 and the PET fi].m 26. At this time,
10 care must be taken to prevent air from entering between
the PET £ilm 26 and the plastics die 40. To ensure that
air is excluded it is desirable to place the plastics die
40 in a vacuum of ..10'.'2 torx. | ..
Then, ultraviolet radiation (UV) having a wavelength
15 of 350 to 400 mm is applied to the photosensitive moncmer
.28 from the side of the mask 25 so as to harden the
photosensitive monomer 28 (Figure 6 (2) ). '.l'he photosensitive
monomer 28 is hardened by less than 5 seconds' application
of UV of 150mK. | |
.. 20 'l'he photosensitive plastics material used in this
embodpent is selected by taking accomt of factors such
as releaseability :Erom the plastics die 40 which is used,
adhesion properties with respect to a metalizing thin
layer which is to be provided on the photosensitive

25 plastics material, corrosion resistance with respect to a



-

“adhesi on properties with respect to a netalizing thin Iayer which is to be
provided on the.photosensitive 25 pl astics material, corrosion ’§E§
sresistance with respect to a - 20 - paint solvent in a subsequent <
process, and so on. The material of the plastics die 40 is selected with
respect to the ease with which one can formthe die 40 (e.g. the _
applicability of a casting or ther pol yneri zing 5 net hod to
transfer designs froma master by S of which the CR-39 die 40 is
formed), non-reactivity to the used photosensitive plastics 28,

I lity f t 29, d
ok onei 1y i IR SRR AR BRBRE LS, %e%%'w&?s useé‘”t o harden 10
t he phot osensi t ive p&.&s&ﬁgﬁgg 4B AP R1hEAIds081d 6T £ Qeid¥ gh]thhe pl astics

die 40, the material of t die 40 1S required ta have ul traviol et

l'ight transm ttaiapeé©ltoUtle a¥sd wetn lwndbh ohéVdd&Qf@:ﬂ’\@H@|£.Q94d1 of 350 to
400nm The nethod of making the plastics die 40 is explained 15 wth

reference to Fi gw.gs SHelipglaciity KiF atcasking opvehdrtalipguymii2{dy , a net al
master 41 is formed having inplanted letters 44 or other indicia. The netal

master 45 i s equiethbérto trarsifer desigresdfyant ahmaitak gyncearsy obovhtelechen a
currently used process for making a watch 20 dial at a very |low cost.
Then, as shown iGR-BPgikec4d (i) f-omedhsmongrq@batutUstmmhemeMOc (CR-39) is
'njected into a :&%ggmgiiigeglfiigs 28, releaseability from the hardened '
photosensitive plastics 29, and so on. Additicnally, if
the UV menticned in Exenple IIT below is used to ha.rden
10 the photosensitive plastics 28 by apﬁlicetion thereto
through the p];astics die 40, the material .of the die 40
is required to have high ultravioclet light transmittance
- for ultraviolee liéht having a wavelength of 350 to 400mn.
' The method of making the plastics die 40 is explained
15 with reference to Figures 9(1) to 9(3).
Fi:st, as shawn in Figures 9(1). a metal master 41 is
formed having i.mplented letters 44 or other :Lndicie.
~ ~ metal master 41 is equivelent to the desired watch dial and
may be made in a currently used process for making a watch
20 dtal a.t.e very low cost. '
| Then, as shown i.n Figu.r.e 9(2), a casting plastics
monomer 40c (CR-39) is injected into a space defined by a
spacer 47 which extends between the metal master 41 and
a glass member 43, and the moncmer is then set hard by
25 thermal polymerization. After the plastics monomer has been

hardened, the metal master 41 and the glass 'member 43 are



e

spacer 47 which extends between the netal master 41 and a gl ass nenber 43,
and_the rmononer is then set hard by 25 t hermal pol yneri zat.ion. After

th'_astics mononer has been hardened, the netal master 41 and the gl ass
43 are - 21 - renoved to obtain the plastics die 40, as shown in

Figure 9(3). The metal naster 41 can be used repeatedly so as to produce a
| arge nunber of plastics dies fyromone 5 mast er. Besides CR-39, a
casting type acrylic plastics” érial, a transparent silicone rubber
plastics material suitable for casting and the |ike can. also be used as the

mat eri al

of the plastics die 40. 10 ' Referring now to Figure/ -

6(3), after LhsveaPpdidtrhi0nnelpld¥eiss hitdiohes (Tmﬁnen ﬁ:‘e pESI tive plasti cs

| ayer is released fromthe plastics die 40, an

ot osensitive

pl astics noreses 28 which remains unhardened is renoved by washing with a
speci fic devel oper which is preferably sodium 15 borate (Na2B407).
The surface 29a The métalphaitesoflsican ke pias kepeatealieso28s on whi ch the design
i's transferred fromthe plastics die 40 is netalized by neans of a netallic
thin | ayer. 36 pmdlustigxiarge Rimhercof (Plpstiky diewefadm paéi on can be effected

20

pl a¥i ng,

10

15

20

25

ei ther by wet plating or by dry plating. In the case of wet
anmasean.roless Ni plating is the best so far as the

Besides: CR-39, a casting type acrylic plastics material,

a transparent silicone rubher plastics material suitable

for casting and the like can also be used as the material of . o/

the plasticl die 40.

Referring now to Figure 6(3), after the application of
w is finished. the photosensitive plastics layer is released
from the plastics die 40, and then the photosensitive plastics
monomer 28 which remains unhardened is removed by washing :
with a specific developer which is preferably sodium
borate (Naz 4970 -

* The surface 29a of the photosensitive plastics layer
29 on which the design is transferred from the plastics
die 40 is metalized by means of a metallic thin layer 31,
as shown in Figure 6(4). This metalization can be effected
either by wet plating or by dry plating. In the case of wet
plating, an electroless Ni plating is the best so far as the
appearance of the plating layer and the ad‘nesiveness between
the p].ating layer and the photosensitive plasitcs material
is concerned.

Before plating, a surfacs preparation is preferahly

performed including dipping the surface 29_a into a stannous

«



appea ance of the plating. layer and the adhesi veness between the plating

| ayer and the photosensitive plasitcs material is concerned. 25 o
Before plating, a surface preparation is preferably perforned including

di pping the surface 29a into a stannous - 22 - chloride solution
(density: 19% for one mnute, washing it with water, dipping it into a

pal | adi unchl oride solution (density: 5%to 10% for one m nute, and washing
it with water followed by drying 2% - After the above surface
preparation, the material is plated by dipping it into an electroless N-P
al l oy ({@rketed as S-680 by Cannizen Co) in which it is maintained at [err]
for one mnute. The thus fornmed Ni -P | ayer contains 8w % of P and may be as
t hi ck as appr oxi netilekydel Golution (Jessitly: 13)Tifer ainechinmites svakhing pl ati ng

| ayer is preferably as thin as possible, since the thinner the |ayer, the
better is its adhiswdth wotehe dipRingsthdnte Bepgliladiumahlapider salutiqthe nost
desirable thickness of the electroless Ni-P alloy plate is betwen 400 and

[err]. 15 (Qensityisfe 4 49%)afiore|cBeRiguEes aRd.-yashingdtirithi ng, a Ni-B
alloy plating nay be used The surface is then subplated with an
electrolytic N - BRteESHdrEed €h subplating is necessary for the

subseque final plat th Au_and S That 20 because
of probl with res é‘&% V\%het ﬁ‘ﬁ%ﬁ %5 paration, the Batarial

is plated by dipping it into an electroless Ni-P alloy
(marketed as S-680 by Cannizen Co) in which it is
~ maintained at 50°C for one minute. The thus formed Ni-P
layer contains 8wt% of P and may be .as thick as approximately
10 5008. The electroless Ni-P plating layer is preferably
as thin as possible, since the thinner the layer, the better
is its adhesion to the photosensitive pla_stics_ material.
The most desirable thickness of the electroless Ni-P alioy.plate
is between 400 and 6008.
15 . Instead of an electroless Ni-P alloy plating, a
. Ni-B alloy plating may be used. |
The surface is then subplated with an -ele;:t:olytic
Ni-series materiel, which subpl#ting is necessary for the.
subsequent final plating with Ag, Au and s6 on. That is,
20 " because of problems with respect to throwing power,
it is almost impossible to provide the final plating -
directly on the electroless Ni-series plating. The
reason for this is that an electroless Ni-P alloy

plating including P has an electric resistivity ten

25 times as high as that of an electrolytic Ni plating,



it is alnost inpossible to provide the final
'Ts\ oless Ni-series plating. The reason for this is that, an el.ectrol ess

tinmes as high as that of an electrolytic N plating, - 23 -

electroless N-P.plating is made very thin.

plating directly on the

P2al | oy plating including P has an electric reS|st|V|ty ten 25

and that the.

‘This problemis particularly

severe when the final plating material is Ag. Furthernmore, the material of

~the el ectrol ess subplating 5 23 .

shoul d be unlikely to diffuse into.

the final plating by heat. For exanple, in the case where the final plating

is Ag and the subplating is Cu, Cu diffuses into Ag,

resulting in thev

di scoloration of the Ag El ating. As regards throw ng power, the use of “a
&

wet bath 10 and that the
consti tuents and condltlons of the el ectrol

91*519%8# &i-BIrleting §&imadnj vezwr twim.pl ati ng. The-
ting may be as

ti c Ni a
fol | ows: ni cZofs FFPPLt® 1 BartyEHiardy severe when g“aﬂn Rlasiinghl ori de

hexahydr at e gerial is %Og/ 1 15 bor| C aC| d

259/ 1 brlghtéﬁ
- 4.3 fluid tenper
[err] 20

59/ 1 pH

urrent density

%Ege’ﬂﬁﬁ%‘r tpR PAtBBIAL 25 Fgc % trl‘%@ﬁ‘?‘ 5i3%ic Ni-series

5 should be unlikely to diffuse into the final plating by

heat. For example, in the case where the final plating is -

Ag and the subplating is Cu, Cu diffuses into Ag, resulting.

in the discoloration of the Ag plating.

As regards throwing power, the use of a wet bath

10 is suitable for electrolytic Ni-series plating.

‘The constituents and conditions of the electrolytic Ni

plating may be as follows:

15

nickel sulfate hexahydrate 225g/1
nickel chloride hexahydrate = 40g/1
boric _acid . T 25g/1

' brightener - 5g/1 -
PH - : : R 4.3

. f£luid temperature . : . 509
electric current density . 1a/a®

20

Under the above conditions, an electznlytic Ni-series

plating may be provided such that the thickness of the plating

layer including the electrolytic Ni-series plating, and the

electroless Ni-series plating is between 1,5003 and 3,5002.-

The highest and the lowest ends of the above range are

25 determined with respect to the adhesion between the



plating may be provided such that the thickness of the plating |ayer
including the electrolytic Ni-series plating, and the electroless N -seri
plating is between [err] and 3,500R The highest and the | owest ends of t
-above range are 25 determ ned with respect to the adhesi on between
t he - 24 - photosensitive plastics material and the netal film and the
t hrowi ng power of the final platlng respectively. In the above
description, an electrolytic Ni ﬁlatlng is referred to nmerely by way of -
exanpl e, .However, a single 5 metal plating or an alloy plating of Co
or Fe arg~al so avail able as the subplating. Mreover, exanples of alloy

plating-are N - 1%!@5! i | a1di.ng on. A final
plating is prowcg an %}%ivg%elg%tqu%éc}g i\lsagfeldte}% %éa& f?ﬁda%?lng The
~material of the ghd Qhr@&ﬁ:@;'ﬂ&e&%ﬂ%ﬂ@'fﬁaﬁ%ﬁ%b@ H%éﬂfeﬁu bl ack ni ckel
and the like and the thickness thereof is pref erabl y approximately [err]

which allows the shads fe aBdvelBedcipiRA3 art bl @ntiroypliy. Nd rinEtgu;r €s6(4), the
pl ati'ng layer 31 includes three.layers of electroless 15

deposition, N spéfdmedng seackly sy wapads pkarpilag.Hokeve Iy,sipgmtl ng and
printing are provided and thus a finished watch dial is obtained as shown
in Figure $5(5), metalhplatipgow decallpy lplatingn o entFeppre adsove | ayer 12.
Figure 8 is a plan view of the watch dial of Exanmple Il. 20 Exanpl e
111 available as the subplating. Moreover, examples of _
alloy plating are Ni-Co plating, Fe-Ni plating, Ni-Pd
St plating and so on.
A final plating is provided on the electrolytic Ni-series
10 plating.The material of the final plating is usually seleeted
from aAg, Au, black nickel and the liJ:e and the thickness
thereof is preferably approximtely 5008 which allows the
shade of colour to appear effectively. In Figure 6(4),
the plating layer 31 includes three layers of' electroless
15 Ni deposition, Ni subplating and the final plating.
Pina.lly, painting and pr:lnting are provided and thus
~a finished watch dial is obtained as shown in Figure 6(5),
which is provided with a transparent f:otective layer 12.
Figure 8 is a plan view of the wvatch dial of Example II.

20 Example III

Another embodiment of this invention is Gescribed in detail
below with reference to Figures 7(1) to 7(5). |

First, a base plate 51 is formed by punching out a steel
material having a thickness of 20/100mm. In general, an available

25 material for the base plate 51 is a niekel-eopper alloy or



Anot her enbodi nent of this invention is described in detail below wth

r ence to Figures 7(1) to 7(5). First, a base plate 51 js forned by
p ing out a steel material having a thickness of 20/100nm In general,
an avail abl e 25 material for the base plate 51 is a nickel -copper
al l oy or - 25 - brass whose quality is specially nodified to reduce

material defects. However, it is not necessary to select a substantially
nodi fied material for the base 51 and generally available materials may.

al so be used. Consequentl|ys 2he material cost 5 is largely reduced.
For exanple, if steel is used, the cost is |less than one quarter of ttgu
where a nickel -copper alloy is used. Then feet 52 are fixed to the basg& 51
by the reS|sta ce welqéfg met hod, At this time, the obverse of the base 51,
where 10 52 5e.TaliSY o1% SPRGIA}LY ROGLTi6M; 8 FANCe (hateTial proj ecti ons as

hi gh 00 duced h d
r;?seazniﬁée”pf?%s%zen%%‘*%vsﬁﬂ&?h % RRESuegfsart Y SBlasr A rRstaREIEs | ayer 50
which is Mﬁgeéms_%qn%g t&grg@l 9Pcont?&g¥§{ efaﬁ%i%gﬁsbase 51 is nore

t han 8/ 100mm Accor in r art, an
addltlon%atafmaaﬁu@etw%e& HosddbehELPY End Naeh Bile {aé«é’“s on the

obverse of the base. Next, an adhesive agent Is- app lL.ed to the obverse of

t he base i3 ahegdlly teducenl omt&mﬂ@gyo%tw%ego the t he base plate 51
and a photosensitive plastics during
cost is less than one quarter of that where a nickel—copper alloy

is used. : | ' \/
Then feet 52 are fixed to the base 51 by the resistance
welding method. At this time, the obverse of the base S1, where
10 the feet 52 are fixed, is transformed, that is, pr.ojectio'ns'_ o
as high as 1/100 to 2/100mm are produced. However, the pfo_jectiéns
do not raise any problem if the thickness of a photosensitive
plastics _layér 59 which is to be subsequeﬁtly formed on i:he.
obverse of the basg 51. is more than 8/100mm. Accordingiy,
15 in coni:;ast to the prior art, an additional process 'is not
necessary to remove the projections_ on the obver_se-éf |
the base. |
Next, an adhgsive agent is applied to the .obverse
of the base :plate 51 to improve the adhesion between
20 the base pJ_.gte 51_ and a photosensitive plastics éuring
layer which is formed in the next p:;lo.ces's. .'1.'1'19 used adhesive
agent is an iscpropy;_élcom; solution. éont‘:aining'2wt% of
methacryloxy_ pro_;by], trimethoxy silane, 2 wt% of tetrémethoxy '
silane and 1lwts of tetz:aoctyloxy titam.um (Ti (OC8 1.7) 4"
25 The said adhesive agent is sprayed over the

obverse of the base and is heated



| ayer which is forned in the next process. The used adhesive agent iié&@ )
| sopropyl al cohol- sol.uti on containi ng 2wt % of net hacryl oxy propyl tri oXys
silane, 2 wt% of tetranethoxy silane and 1w % of tetraoctyloxy titanium '
[err]. 25 The sai d adhesive agent i's sprayed over the obverse of the
base and is heated - 26 - at a tenperature of [err] for one hour to nake
a filmof the adhesive agent so that the filmis interlocked with the
obverse of the base. In ordqy_%q_inprove the interlock therebetween, it is
preferred to roughen 5 _ ? e obverse of the base by giving it a satin
finish,for exanple. The thickness of the adhesive agent is about [err]. O
the cofistituents of the adhesive agent, [err]-nethacryl oxy propyl

trimethoxy silage { edgerh@uitdost {50°F Lbet & nofi RONGLKRYa t41Amadhesi ve agent
to the photosensitive plasics material. To be nore concrete, y-netbacryl oxy
propyl trimethoyy thel adifesiiGe aghiyelrsol sHatcths £ilm issidtiécdeckednpound havi ng an
et hyl ene unsat urated substituent group, and the unsaturated group bonds
chemi cal |y wit hwitie thlaibveess ofi the hasenin dydet itghimprovetthen and so that a
st.rong adhesi on therebetween is achi eved. Besides y-nethacryl oxy propyl
trimethoxy sil aketerlhck cchenebetieen hit |iscBreferrsd $p roughemydro| ytic
conpounds havi ng et hyl ene unsat urated substituent . - :

5 : the obverse of the base by giving it a satin finish, for

example. The thickness of the adhesive agent is about 500%.

Of the constituents of the adhesive agent, Y-methacryloxy

propyl trimethoxy silane

si (0033)

Cﬂz = 3

. C - C - 0(CE,)
10 | |-
cE, 0

3

3
has the function of bonding the adhesive agent to the
photosensitive plasics material. To be more concrete,
y-methacryloxy propyl trimethoxy silane is a hydrolytic
15 silicon compound having an ethyiene unsaturated substituent
‘gzcup,, and the unsaturated group bonds chemic#lly with the
b photosensitive monomer by light reaction and so'thg-t a strong
adhesion therebetween is achieved. Besicjes Y—mth?czyloxy
propyl trimethoxy silane, there can also be used other
20 hyd:olytic compounds having ethylene unsaturated substituent
groups such as vi:iyl_ triethoxy silane -
(CH, = CE - s“°°z35’5"
Another constituent of the adhesive agent, tetramethoxy
'silane, has the function of boﬁamg the gd_hesive ‘agent to the

25 metal base. For ﬁha’t purpose, another tetraalcoxy silane



groubénsuch as vinyl triethoxy silane [err] Another constituent of the

a I ve agent, tetranethoxy silane, has the function of bondrng the
a ive agent to the 25 net al base. For that purpose, -anot her
tetraalcoxy si |l ane - 27 - compound such as tetraethoxy silane or

tetrapentpxy silane is applicable. The tetraoctyloxy titaniumis catalytic
t hrough the hydrolysis of the hydrol ytic conpound having an 5:

et hyl ene unsaturated substituent group and a tetraal coXY silane conpound.
For such a catalytic functizm-as above, a tetraal coxy titani um conpourd
such as tetrabutoxy titaniumor tetrahexyloxy titanium in addition teQf
tetraoctyl oxy titanium an aqueous acid such as BO 10 : and a m xture
of an aquecosparrdsuahlasrteinaethony Hijsne ogutetrapentbysvhol , ket one or ester
are avail able. On the adhesive agent coated surface of the base pl ate 51
there is aﬁ%lﬂ%ﬂi&nﬂﬁﬁﬁ¢§§#rate anDunt of XFP 700. photosensitive plastics
nononmer 58 nade by Asahi Kasei Ltd as shown in Figure 7(1).

The phot osensi tTAPet§*28¢ @Wﬁﬁ%ésﬁﬁﬂ'ﬁ}ctmg base 51 should be
devasses, R Gablinlod N mACRRa Lo SodEH 55, 0 Yacuum beino [err]
ugder surfaegyfieR' HhallfatlaPLEReethdnbIWiD bt B ERIEHLAIKO
silane compound. For such a catélytic functioﬁ as ahove,
a tetraaléoxy _tita_nium compound such as tetrabutoxy
. titanium or tetrahexyloxy titanium, in addition to
tetraoctyloxy titanitm, an aqueous acid such as BC1l
10 and a mixture of an aqueous acid and érganic_ catalysts
such as alcohol, ketone or ester are available. .
| On the adhesive agent coated surface of the base
plate 51 there is ap_pli_ed an appropriate amount of XFP 700 .
photosensitive plastics moncmer 58 made by Asah:l. Kasei.
i5 ' Co., Ltd as shown in Figure 7(1). The photosensitive
pla.stics ‘moncmer 58 applied to the bas_e 51 should be
degassed, preferably by vacuum aeaeration, the degree of . ' _ \J
vacuum being 10 2. torr.
Next, a CR-39 plasticsmaterial die 6o having a desired
20. under su::f#ce_ design and depressed figures is _pressed onto.
the photosensitive plastics monocmer 58 so that the plastics.
die 60 and the base plate 51 sandwich the photosensitive
plastics monomer S8 therebetweeu S0 as to maintain
25 the thickness thereof as 10/100mm. At this time, in order
to prevent air f.rom enter:.i.:i_g.hetween the base plate 51 ahd
the plastics die 60, the vacuum deaeration referred to

above is perforxhed. C



the photosen5|t|ve plastlcs nmononer 58 so that the plastics die 60 and the
base plate 51 sandwich the photosensitive plastics nononmer 58 therebetmeen
so as to maintain 25 t he thickness thereof as 10/100mm At this
“time, in order to prevent air fromentering between the base plate 51 and
the plastics die 60, the vacuum deaeration referred to above is perforned.
- 28 - Then, as illustrated in _Eigure 7(2), ultraviolet light (UV) having a
wavel engt h of 350 to 400nmis tAeh directed onto the upper surface of the
pl astics.die 60 to cure the photosensitive plastics nononmer. The strength
of the Q. ultraviolet light is 150nMWand the application thereof is
for less than 5 secondsy, WiemiBe-ABA" 05 PIGIl YE)R! aflhbiolet £igned. the

[ "an

phot osensitive plastics ‘themcal | y bonds 't0 the adhesi ve" agen
consequent |y t he (BiOhReHNF at kiR 18Acta! b€ 35b e n0diANGS thentdigebase Pl ate

through the internediary of the 10 adhesi ve agent. The photosensitive
pl asti cs nononer ofo kRY Wdef GiixEadd be kY plddtics i@ie 60 €b6idlreas Was
descri bed above in Exanple Il. The material of the plastics die 60 is

requi red to havetié photosensigivedplasaicsrmbhamere Ther stidngtliokl eke | i ght of -a
wavel ength of 350 to 400nmin addition to the.necessary properties
menti oneds i n Exanptmaviieleto Lightt is HS0uW Andgthef appidoptisinoterepfi ve pl astics
monomer 58 is achieved by applying ultraviol et
is for less than 5 seconds. When the photosensitive plastics
is cured, the photosensitiv'e plastics chemically bonds to the
et adhesive agent and consequently the photosensitive plastics layer
bonds to the base plate through the intermediary of the |
iO adhesive agent. | _
| The photosensitive plastics monomer 58 may be
~constituted by the same material as was described above
in Example II. . .
-rhe'mat;.exiai of the plastics die 60 is required to have
15 a good transmittance. for ultravioiet light of a v_wavelen_gth
‘'of 350 to 400nm in addition to the necessa.rj p:opqrties
mentioned :I.n Example II so that the curing of the _photpsensit:l.ve
plastids moncme: 58 is achiewved by apply:l.n§ ulﬁ:avio;et _
light.ther.eto through the plastics die 68. In this embodiment,
20 " besides c#-_39, the casting acrylic resin, a transparent
silicone rubber zes:_l.n and so on may _al_so be use_d. _
After curing the photosensitive plastiés material, the
plasﬁics die 60 is removed and what is equivalent to a
~ master, in which the photosensitive plastics layer 59 having
25 an obverse to which the-des:l.gﬁ of the plastics die 60 has been

transferred, is formed on the base plate 51 as shown in Figure



1

i ght thereto through the plastics die 68. In this enbodi nent, 20
befiigs CR-39, the casting acrylic resin, a transparent sil.icane rubber
5, and so on may al so be used. After curing the photosensitive plastics
rial, the plastics die 60 is renoved and what is equivalent to a
master, in which the photosensitive plastics |ayer 59 having 25 an
obverse to which the design of the plastics die 60 has been transferred, is
formed on the base pl atgg5l as shown in Figure - 29.- 7(3). The
t hi ckness of the photosensitive plastics layer 59 is 10/100mm It should be
noted that the thickness of the photosensitive plastics |ayer 59 hasi\a
great effect on the netal filmb5 . ~ which is to be forned thereon in
the | ater prdtesSheTthickness pf thecphdtosknritdive plhsticst han 8/ 100mm t he
metal filmpartially blisters and also the quality of the netal materi al
has poor duka¥Br|3% §5elPdh09mm.t he naterial is satisfactory at first. For
exanple, if it is subjected to a thermal shock of nore 10 than [err],

the metal fil mpashPudd be foted shat the thigimess of; fhe PRPEQESRELLIZE ¢ he

phot osensi tive | ayer is_greater than 100 bli stering of the netal film
i s avoi ded %ﬁﬂ%%iﬁﬁ‘apgf%sn?i?ef'ésﬁf??‘éﬁtmt H’Eﬁﬁalﬁgﬁocks of up to 150
C. 15 The ,ta el.o ) : |t of experiment on the.
_(:0|5_r el ati orlv'héfhtjf"?e_g_ﬁﬁec%%se?%‘?e\gfﬁg%%‘ﬁépogg{ﬁ%?%?sﬁ'g@f&cgﬁ ayer and the
incidence qfy tRE tRhbitteSE! 11918Ls 'thén B/180m, the metal film partially

blisters and also the quality of the metal material has poor

durability even if the material is satisfactory at first. .
For example, if it is subjected to a thermal shock of more
10 than 100°C, the metal film partially blistexs. If, however,
the thickness of the photosensitive layer is greater than
8/100mm, blistering of the metal film is avoided and the
metal film is resistant to thermal shocks of up to
150%. N
15 The table below shows the result of an experiment on the
correlation of the thickness of the photoéénsitivé plastics
layer and the incidence of the blistering of the metal - v
film, the latter comprising an electroless Ni deposit of
wp to 5008 in the thickness, an electrolytic Ni ubplating '
20 of up to 2,0008 in thicknes.s, a final Ag piati.ng of wp to..
5008 in thickness, and a coating 1ayej: of up to 5008 in

thiclmess; '



: 1
.

film the latter conprising an electroless Ni deposit of up to [err] in th_e

t hi ckness, an el-ectr.olytic Ni subplating 20 of up to [err] in 7%
thickness, a final Ag plating of up to [err] in thickness, and a coating _
llayer of up to [err] in thickness. -30- Incidence of Bl i ster| ng

Fi ni shed arti cI e “Thermal Shock Thi ckness 5/1 COmm

50% 70% 8/ 1Q044 . 0 -

0 20/ 100 .0 , 05 In

t he above table, the colums headed "Finished article” and "Thermal shock"
respect‘_/ely show the incidence of blistering of the netal filmat the time
when the finished watch dial is originally manuf actured and after a perfect
article has been maintained at a tenperature of 150C for 30 minutes. 10

Utraviolet i having a wavel-ength pf 350.t0 400nmis|then applied to
t he phot osensi sti gascidepee 59 tp whose surface th¢ design has bee

transferred s cie@ft|y hardpen the photosensit eTﬁéast I cs 59.
After hardeni rmad Shock

i the surface-RE49FeFIRG | r anBindphed) agkinlgn| 25
[ . cknesst subj ecte a purface treatnent {o provide the
catal ytic nuclleus for th ~Pideposition byt

netalized. It

5/100mm 50% 70%

8/100 . 0 0

20/100 - o o

5 In the above table, the columns he#ded "Finished article" and
| "Thermal shock™ respectivély show the incidence of blistering
of the metal film at the time when the finished watch dial is
orig:i.hally manufactured and._after a perfect article has been
maintained at a temperature of 150°C for 30 minutes.

10 ' Ultraviolet light having a wavelength of 350 to 400mnm is
then applied to the photosensitive plastics layer 59 to whose
surface the design has been transferred so as to sufficiently
harden the photosensitive plastics 59.

After hardening, the surface with the transferred design

25 is metalized. -

It is first subjected to a ‘surface treatment to provide
the catalytic nucleus for the electroless Ni deposition by
using a surface treatment solution produced by Hitachi Kasei
Co. as follows. The material is immersed in a 20% HC1 solution

20 for the first 2 minutes, and then in a sensitizing agent



using a surface treatnent solution produced by Hitachi Kasei Co. as
]@OWS. The material is imersed in a 20% SC1 solution 20 . {far the first

nutes, and then in a sensitizing agent - 31 - (ES-101B) for the next

5 minutes, and then after treatnment with an adhesi on accel eration ageéent
(ADP-201) for 3 mnutes, it is washed with water again. After the above
surface treatnent, the material is S o .di pped into an el ectrol ess
Ni-P alloy (S-680 by Cannizen Co.) at a tenperature of [err] for 1 mnute.
As a result, an Ni-P laygr.whose content of P is 8wm%is obtained having a
t hi ckness of about [err]. Then, an electrolytic NI plating is superi n‘p_g.sed-

on 10 the electroless Ni-P layer having a thickness of [err] by
usi ng the sane plating solution under the sane conditions as described in
Exanpl e ||. WHs>101Blifopl thei nextol dinutes demdstliendadter teestmeit r ol ytic
plating to a thickness of [err]. In Figure 15 - 7(4) a plating layer

61 i s shown withcan ashesians acfelenation agants (ADR:20LY foxr 3| minntes.ess N
plating layer, a N subplating layer, and a final plating | ayer of Ag. Ch
the very topi‘bﬁ-stﬁ%‘hsé qurhﬂwﬂpl ating layers, a transparent :
protective |layer_ 62 is fornmed by _spraying an 20 | sopropyl. al cohol
sol ution cont ai nPFEET2HReABPVE SUFEaRe KESALTERt o fhe ALeT#AYOISF 1 et raoct V| oxy

ti tsanl um [ergi! and, by Eneaetl'eg Gl ,}iﬁgpf{l%;“{se. o [eE:az]mifzgxrx Co.)

at a temperiture of 50°C for 1 minute. As a result, an

Ni-P layer whose content of P is 8wtt is obtained having | NS

a thickness of about 500%.
_'i'hen. an electi:olytic Ni plating is superimpcseé on
10 - the electroless Ni-P layer having a thickness of 2,000%
‘by using the same plating solution under the same conditions
as described in Example II.
The final plating of Ag is deposited on the
‘electrolytic plating to a thickness of 5008. 1In Figure
15 .7 (4) a plating layer 61 is shown which consists of three
. layers, namely an electroless Ni plating -iayer. a Ni
subplating layer, and a final plating layer of Ag.
On the very top of the so-formed three pla.tinq"llayezs .

a transparent protective layer 62 is formed by spraying an
20 isopropyl alcohol solution containing 2wts of tetramethoxy -

silane and 1iwts of tet::aoctyioxy titanim' ipy (Ocaﬂu) 4
and by heating at a temperature of 150° ¢ for
15 minutes. By the above operation, a trangparent
protective layer having a thickness of 300 to

25 500% is formed. This protective layer is 8o thin that

it does not affect the appearance of 'the finished dial.



-t ¢

15 m nutes. By the above operation, a transparent protective |ayer having a
t hi ckness of 300 to .25 [err] is formed. This protective layer is s
thin that it doés not affect the appearance of the finished dial. - 327
Al'so, the protective layer, which is very dense, prevents the di scol orati on
of the final plating |ayer. The tetramethoxy silane in the above solution
Is a hydrolytic organic silicon conpound and contributes to 5 t he
maki ng of the filmdense- by being” rfolyzed with a catal yst of
tetraoctyl-oxy titanium O her hydrolytic organic silicon conpounds other

t hen't egranet hoxy si I ane may al so be used. Usually, in formng the

protective |ayer ol%ftive Jﬁaé’ ok NG&nIPE Mg I o Fveffs Of the
ro

final plating, there |s a’p emt fhe protectlve may affect t he

appear ance of thetﬁér}iﬁb@f&ﬂtﬂn oknulehk&xaﬁﬁiaﬁéﬂiﬂs%f@é the present

invention, if the protective layer is thicker than [err], the thickness of
the | ayer becones unevgg m:mlﬁgpmd,ﬁémnl&m above s&ﬁk&gﬁ 4s especially at
a convex or concave corner of any Indicator nenbers provided, and :
consequent |y the apppiroaytie ofgdnie slilaborns kbipsmd arhd térecxpbatesctove | ayer i s
thinner than [err], the unevenness of the thickness is elimnated but

i nterferaence col otthe apkéing ©f Hec filn bdghye thsipgohs@xblmdmth a | ayer
shoul d be not thicker than [érr], which thickness is free fromi nt er f er ence
colour and still patalnstsof hetrawtyloxr titanium. Other hydrolytic organic

silicon compounds other then tetramethoxy silane may
| St also be used.
Usually, in forming the protective layer to prevent .
10 ‘the chémic_al discoloration of the final plating, there is
a problem that the protective layer may affect the appearance
of the finishea dial. In this embodiment of the present
invention, if the protective layer is thicker than 1um,
the thickness of the layer becomes uneven on and around the
15 : letters, especially_at a convex or concave corner of any
indicator members provided, and consequently the appearance
of the dial suffers. If the protecf:ive layer is thinner
than 1ym, the unevenness of the thickness is eliminated
bﬁ_t interference colour appears. Accordingly, the protective
20 ‘layer should be not thicke:.ﬂ;an 8008, which thickness is
free from :l.nterfereﬁc_e colour and still prevents the
discoloration of the f£inal plating. However, the plastics
protective lgye: used in a khown watch dial loses the
ability to prevent the discoloration when the layer is
25 thinner than 800% and consquently the latter cannot be

used.



di scol oration of the final pl ati ng. However, the plastics protective |ayer

used in a
mg§2 the |
cawfiot be

and so on
dial and t
. enbodnent

known watch dial |oses the ability to prevent the di,scoloration
ayer is 25 t hi nner than 800 and consquently the latter
used. - 33 - After formng the protective |layer, mnute scales
are printed on the dial. Finally, the external periphery of the
he centre hol e are punched out and the watch dial of this 5

i s obtained, as shown3snm Figure 7(5). The description so far has

been concerned with a nmethod of making a watch dial in which the surface of

the base and the letters (or other indicia) are of the -sanme col or. $.
However, a nethod in which the colour of the base 10 ~and of the

letters (or ot hAfternfexming the arofestivR lpyegieButecscalesow. The sane

processes

as in the above description are followed until the electrolytic

N plating 3¢ 8RR drePriptedre d$3ltal plating, an Au plating for

col ouring

t he | t 1 ' d It t | trol yti Ni plati
| ayer. Then ?heg rgoﬁget3“ﬁ58%§§ﬁ?ﬁ§%#§$%%$geéﬂglgﬂgéfég %ylfeszsfs? :Rg
order to provi dg ﬁcg'_gi_s e'spimr‘lé}%%rkg PﬁBlti%eéat%P:l %ia%. .ggr&&g printing nethod
Xt a

_may, for ek%ﬁb €,

isigeposit

watch di al

10

15

25

€ enpFoyed. an Ag p I'ng Tor colouring the base

eelﬁ.ing:o%&nt is obtained, ab&nokl N FALIY §@arating the resists, a
 The description so far has been concerned with a method
of making a watch dial in which the surface of the
base and the letters (or other indicia) are of-lthe_ same
color. However, a method in which the colour of the base
and of the letters (or other indicia) is different is described
below. -

.The same processes as in the above de.scriptidn. are
followed until the electrolytic Ni plating is completed.
Before the final plating, an Au plating for colouring the letters
is deposited on the electrolytic Ni._ plaﬁing iayer. .

‘Then the portions to become the letters are covered

by resists. In order to p'ro{ride resists in ceértain places @

only.,a screen printing method niay, for example, be employed.

Next, an Ag plating for colouring the base is deposited.
' After chemically 'sepa:#tﬁ_g the resists, a watch dial is
obtained in which the letters are of the colour of Au and the
designed base plate is of the colour of Ag. |
The following is a description of a process for -
manufacturing a watch dial in which a mat coating or a colour
_coating is provided on the part of the dial which is not

provided with the letters (or other indicia).

¥



‘obtained in which the letters are of the colour of Au and the designed base
plate is of the.colaur of Ag. The following is a description of a process _ .
for nanufacturlng a watch dial in which a mat coating or a colour 23 P
“coating is provided on the part of the dial which is not provided with th
letters (or other indicia). - 3¢ «-34 - After the final plating and the
transparent protective |ayer have been fornmed by the steps described in
Exanple 111, the letters (or other indicia) are coated by the resists. 5
Then, the desired mat coating or the col our coating is spread over the
whol e syrface of the watch dial. By chemcally separating the resists by

di ssol ving, the mat cattemgherfinak pleting apdghengranspahent protective

renoved, -and the part of the watch dial which does not 10 ' have the uneven
portions provi ded-ayerhhave; P%ﬁ“t formedt K¥, then §ters, deseribed\ii&%amRkeh t he mat
coating or the caol_qur The finishe tch dial n be proved to be
free fromliabil ﬂI}'tBh’dg'F 5 4PE QW%M&?%bfﬁtﬁﬁaéﬁg 9 ¢ to 15
certain exam nation uch as a thermal shock test ([err] for 30 m nutes), a
thermal cycle te ?‘ ?)'etition of [err] for 30 mnutes and [err] for 30

m nutes) and_a fadeo %gn&g@g valglr%c?fg&oconve , a watch

dial in accoPdance wi K nven% I ONn i onal
wat ch - is spread over the whole surface of the watch dial.

. By chemically separating the resists by dissolving,
\ the mat coating or the colour coating on the resists is
removed, and the part of the watch dial which does not
10 have the uneven portions provided with lletters or other
indicia, is provided with the mat coating or the colour
coating. |
The finished watch dial can be proved to be free from
liab:l.lit.y to deteriorate in qual:l.ty by subjecting it to
15 _ certain examinations such as a thermal shock test (150 for 30
.minutes), a thermal cycle test (repetition of 60°c_ for 30
minutes and -20°C for 30 minutes) and a fadecmeter test
(wet atmosphere 200H). Accordingly, a watch dial in accordance
with this invention is eqﬁiiralent to a conventiohal watch
20 @ial both in appearance, quality and functionally.
" As mentioned above, by forming the uneven portions
-such as the "sufface design, letters, 'ma.rks and eo on, |
all of which are convex and/or concave, by photopolymerization
of the photosensitive plastics material and then p:ooessing
25 its surface by 'm’etal p]_.ating, some of the manufacturing

processes conventionally followed are



2

20 dial both in'appeéranCe, quality and functionally. As nentioned above,
by form ng the uneven portions such as the surface design,.-letters, marks

a SO.

on, all of which are convex and/or concaveby photopol ynerization of

.photosen3|t|ve pl astics material and then processing 25 its surface by
netal pl ati ng, some of the manufacturing processes conventionally followed

the finished watch di al 1's substanti

are -35- conbined into one single process, largely reducing the nunber
of the manufacturing processes. Al so, the process in accordance with the

- present invention is veTy sTnple. Thus, by elininating the troubl esanre
processes 5 whi ch make the nechanlsatlon and the autonationigf the
manuf acture of watch dials difficult, the present invention permts
aut omat i on_of. watc |pnent and enables a
single-li ngm?ba%’féér f}ng)k;g%neegﬁ ei’#reég \géwe gs ﬁ“lcng in a substanti al
reducti

ON @fe GRRber b2 the manufacturiMy ?R%@Esest hﬁléiﬂ knery time for producing
ally shortened. The present invention

enabl es ot BpscenV il lad8efdante RALADER gﬁkeaucﬂveﬁtmeige.duftlon of factory

space,
in the

speci al

vasi ed

10

15

20

25

the reduction of indirect charges as a result of sinplification 15
t r aSiyslel. at T,y eliglinating ahel trbebRisbhé protesseisspense with

|y trained workers. The designs of the watch dials can be easily
wherhich ngkd lthemwtaemisaltm«m_rmadﬂ;e autcmatigw efettie | nventi on,

manufacture of watch dials @ifficult, the present invention

~ permits automation of watch dial manufacturing with light u

equipment and enables a sir_xgle-line_ factory system to be i'eal-ized,
Tesulting in a substantial reduction of cost.
Moreover, the delivery time for producing the finished
watch dial is substantially shortened.
The pt_esent invention enables other advantages to be
obtained such as the reduct_:iqn .of factory space, the.
reduction of mdir;ct chaxges as a result of simplification
in the transportation of products, and the ability to
dispense with specially grained workers.
The desi_.gz_:s_.of the wat;ch_ dials can be easily varied
| .when. using the present inventién._ In the pres#nt invention,
one msﬁe: which is équivale:_zt to the desired watch dial
may be made: a.nd with such a master a plurality of different
plastics moulds or dies may be formed. By repeatedly using
these plastics moulds many watch dials may be produced.
- Since the _orig_i;xal master results in. the prodﬁ_ction of a large;
number of watch dials through the use of the said pla_s_t:l.cs

moulds, the cost of making the master can be re_latively neglected.

)



one nmaster which is equivalent to the desired watch dial 20 may be
made and with such a master a plurality of different pl astics noul ds or
dies may be forned. By repeatedly usi ng these plastics noulds many vvat
dials may be produced. Since the original master results in the product

of a larger nunber of watch dials through the use of the said plastics. 25
moul ds, the cost of making the master can be relatively negl ected. - 36
- This invention al so enabl es_cgrtain designs to be achi eved which cannot
be obtaj.ned in the prior art because of the limtation of the nunber of
manuf ac\-{“u;ri ng processes. 5 Furthernore, in the case of the

present 1 nvention, a surface design &1 for exarrplg? be forgr;d
utilizing a natural n#Bet itaYenien ad'§° aples gertainy CLAI M5 1.

A timepiece dial corrprl 213 Ot.0 |t|v ayghr ai\.ll ngrf_a surface at
glhcg,gn 2o o) o

| east part of whi RfPe¥e Favt ng “oRe 6r “hor e convex or

concave portions gend wh c{]thaaé'Ff?%iwqfom WL S 6 mﬁgga&ugﬂgadl | ayer

whi ch covers 5 € sal d uneven part as
clainmed in clai m&x_&gsg@é.ch t he whol e

5 _ Furthermore, in the case of the present invention, a
surface design may, for example, be formed by uti;izing a

natural material such as a leaf as a master._



of the photosensitive |ayer has been photopol ynerised. 3. A dial as

cl ai inclaiml or 2 in which the whole of the said surface i.s covered
by t@said netal 10 | ayer. 4. A dial as claimed in any
prec¥ding claimin which the said uneven part is formed with at |east one
I ndi ci um or aperture and/or with aa\ﬂesign. 5. A dial as clained in
any preceding claimin 15 e itive |ayer is

provi ded on a netal base plate. 6. . Adial as claimed in claim5 in

whi ch- an adhesi ve agent is provi ded betmﬁmm e plate and i-be
photosensitive |ayer. 20 leumuﬂ rred in any o 4
preceding claimin which tEe_cB_&I__@rrprl ses @ t aflsparent coating | ayér
whi ch covers at |east the said part ‘of the said surface. 8. Adial
as claimed in claim7 in which the surface of the transparent coati ng | ayer

renote fromihe saitinepidcac@i@b comprising &f phivwspheitavensi tive layer is
printed. - 38 - 9. A dial as claimed in claim6 in which the adhesive

agent is a nayeursawihgaa feptfade) at clesist | prot et)mhchuhci.shanem Bn et hyl ene
unsat urated substituent group, hydrolytic tetraal coxy silane and a
catal ytic 5 reason ofbayiigcane orpmore comvey gF eICRYRPREHLANG i m 9 in which

the Catalytléﬂich has been photopolymerised, and a metal “layer which covers
5 | at least the said uneven part.
2. A dial as claimed in claim 1 in which the whole
of the photosensitive layer has heén photopolymerised.
3. A dial as claimed in claim 1 or 2 in which the
whole of the said surface is covered by the said metal
10 layer. |
4., A dial as claimed in any preceding claim in
. which the said uneven part is formed with at least one
indicium or aperture and/or with a design.
5. A dial as claimed in any preceding claim in
15 ' whi;h the photosensitive layer is provided on a metal
base plate. | k.i
. 6. A dial as claimed in élaim S5 in which an
adhesive agent is provided between the metal base plate
and the photosensitive layer. |
20 7. A dial as claimed in any preceding claim in
which the dial comprises a transparent coating layer
which covers at leaﬁﬁ the said part of the said surface.
8. A dial as claimed in claim 7 in which the surface
' of the transparent coating layer remote from the said surface

25 of the photosensitive layer is printed.



*corrponent is tetraal coxy titaniumor an aqueous acid. 11. A dial as

clainmed in any preceding claimin V\/m ch the thickness of the photosensitive
Jayer is 8/100mm or nore. 10 Adral as clained in any @

precedi.ng claimin which said netal I ayé gr oup el ectrd
plating layer, an electrolytic subplatin |WE“I“§G“ B(" pl ati ng | ayer.
13. A dial as clainmed in & 38m 12 | ess 15 of

the Ni group electroless plating |layer and of the electrolytic subplating

| ayer-is.in the range [err] to [err]. 14. A dial as claimed in claim 12
or 13 i mhich said electrolztlc subpl ating layer is constituted by a
pl ating 0P- a sihd@al s glaimed in ¢ 3%@ & vAsckthered in claim 12

or 13 in WhICh sai d electrolytlc subpl ati ng: 5& i s, constituted by an
alloy plating of NPEhashveAgRRE ifga mixtyre;of a AYIRIYFHRF1H°%hy preceding

claimin 25 whi ch ur _Qqof -said u neve art .and the col our of

the metal | ayer ar%%ﬁ%p'@ﬁgn? PBn?"gH% neot“ﬂ%? Qedcl) ubsatuﬁ’ di al as cl ai ned
in.claim7 in which e g r.JaS.C ted byalayer
not thicker than Ogﬁ % 'S g%p%rg?érép’%sé&%éﬁ agféil &Q?Eé#é#ayer _

A dial as glainmed j 1[n17 in which said 5 transpar ent coat| ng
Iayerlsafllmcon I ning at | east

A dial as claimed in claim 9 in which the catalytic

'component is tetraalcoxy 'tita.nium or an a.cjueous acid.
11. A alal as claimed in any preceding claim in which
the thickness.of the photosensitive layer is 8/100mm ox more.
10 12, A dial as claimed in any preceding claim in which
said metal layer comprises an Ni group electroless plating
layer, an electrolytic subplating layer and a final
plating layer.
13. A dial as claimed in claim 12 in which the thickness
1s ~ of the Ni group electroless plating laye: and of the
electrolytic subplating layer is in the range 1,5002 to
3,5008. | | |
s‘""' 14. A dial as claimed in claim 12 or .13 in 'v.rhich.said
~ electrolytic subplating 1a.ye: is constituted by a plating |
20 of a single metal. ' '
1s5. A dial as claimed in claim 12 or 13 in
which said electrolytic subplating layer is constituted by
an alloy plating of N_i, Co or Fe. |
16. A dial as claimed in any preceding claim in
25 which the colour of said uneven part and the colour of the

metal layer are different from each other.



one hydrolytic silicon conpound. 19. Wd in any
precesgng claimin which the photosensi-ti ayer has a part ot her than the
sai d@ven part which is provided with a m “E“ﬁor with a -4
mat ting. 20. A met hod of makin m gm corrprl si ng

provi ding a photosensitive |layer with a erat*| east” part of which is
uneven by reason of having one or #re convex .or concave portions,

phot opol yneri sing at |east 15 - the said uneven part, and covering at

| east the said uneven part with a netal |ayer. . A method as _~
claimed in aim 2 afnﬂﬁ f yer i -
phot opol yne?lesed 9 d:.QlV‘KH %Ii A net %@3:'1%9(:7 %Pﬁwe 9% g?énééfégeA@M | n\v\#i ch
20 theoanﬁabel@Ertte conb el tuded Qﬁealﬁay@QVﬁtedh:mkeEh@léﬂ d netal layer.
23. A nmethod as claimed in any of clainms 20-22 in which the said
uneven part800a f ehiaid isi supezimgosadtoroseid netel Wayer. aperture and/or with a
desi gn. - 40 - 24. A nethod as clained in any of clains 20-23 in

whi ch the ph® osensidialeas s}simedsiprciuimidd bm whinktsidbase plate. 25.

A method as claimed in any of clainms 20-24 5 " in which the

pol yrrer i sat FARsparents geatddgpiavert mw 841 cpngpining at least
one hydrolytic silicon compound.

19. A dial as claimed in any preceding claim in which
the photosensitive layer has a part other than the said
uneven part which is provided with a colour coating or
| 10 with a mat coating. |
20. A method of making a timepiece dial comprising
providing a photosensitive layer with a surface at least
part of which is mneven by reasom of having one or more
convex .or eoncave poz_'tions, pho_topolymerising at least
15 the said unevex_i part, and covering at least the said_ uneven
part with a meta_l layer. |
21 . ' A method as claimed in olaim 20 in which the whole
of the photosensitive layer is photopolfmerise_d. _ : : \./
| 22, A method as claimed in claim 20 or 21 in which
20 the whole-of the said surface is covered by the said metal
layer.. '
.23. A method as claimed in any of claims 20-22 in
which the sa.id uneven part is formed with at least one indicium

or aperture and/or with a design.



26. A nmethod as claimed in claim?25 in which the ultraviolet light is
directed onto the said |layer by way of a transparent or sem -transparent

joul d whi ch hasbeen 10 used to—f—OLﬂliIWEU\ETLaCG- 27 . A
timepi ece dial substantially as hereinbefore described wth ref erence :
and as shown in Figures 5-8 of the acH' A od
of making a tinepiece dial s%stantla '"'"” IHH’ escri bed in any of
Exanmples | - 111.
' 24. A method as claimed in any of claims 20-23 in
which the photosensitive layer is provided on a metal
base plate.
25. A method as claimed in any of claims 20-24
‘5 in which the polymerisation is effected by ultraviolet
1ight.
26. A method as claimed in claim 25 in which the
o~ ultraviolet light is directed onto the said layer by
way of a transparent or semi-transparent mould which has been
10 ‘used to form the said surface.
27 . A ti.mepiece dial su_bstantially as hexeinbefore
described with referenée to and as shown in Figures 5-8
of the accompanying drawings.
28. A method of making a timepiece dial substantially

15 as described in any of Examples I - III.




