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FOR FABRI CATI ON THEREOF BACKGROUND OF THE I NVENTION 1. Field of the

| n"vention: The present invention relates to a light- 5 tran%zy?g:ysz7
di spl ay devi ce conposed of synthetic resin which can suitably ed 1'njan
operation swtch, a display section, etc. to be installed in an operation
panel and the like for an electric appliange an auto- nobile, and the

.4 ke; and a nold_for Eroductlon t her e- Nbre partlcularly, t he
present inventiogxﬁi‘ TadRANSNITTENG. PF§R§#¥tPFN SBBVOEe conposed
of synthetic res H iEC+EE§EFd Dpd_ EB}BCF?Bn_ Ny EHEREDEs havi ng

di‘fferent colors (tones) are | 8RickcRBLRE bR @& Ek@g & E nner; and a nold
for production 15 t her eof . Zngescéépgrgﬁ—c y & 5 Art: Frequently,
an operation panel and the like of an electric appliance or an autonobile,

for exanmple, 20 j.ipgbiudesratfispha¥neeshce for indicating an on-state of
an operation switch, a dlsglay section, and the like. Such a display device

i s conposed of an opaque poPfi AFEFANE ARFRDEaRs Aekd #QS diteplayl B8htion

provided 5 transmitting display device composed of synthetic resin
which can suitably be used in an operation switch, a
display section, etc. to be installed in an operation
panel and the like for an electric appliance, an auto-
mobile, and the like; and a mold for production there-

10 of. More particularly, the present invention relates
to a light-transmitting display device composed of
synthetic resin which is molded by injection molding
ﬁhere resins having'different'colors (tones) are lami-
nated in an integral manner; and a mold for production

15 thereof. |

2. Description of the Related Art:
Frequently, an operation.panel and the like
of an electric appliance or an automobile, for example,
20 includes a display device for indicating an on-state of
an operation switch, a dispiay section, and the like.
Such a display device is composed of an opaque portion
and a light—transmitting display portion provided
inside, or surrounded by, the opaque portion. The
25 display portion can easily be recognized by human
' eyesight when illuminated by a light source disposed
behind fhe display device so that only the front face

of the display portion is 1lit up.

30 In general, such a display device is fabri-
cated by the following method:



‘inside, or surrounded by, the opaque portion. The 25 di splay portion can
easi | yvbe recogni zed by human eyesight whren illuminated by a |ight source
di~sposed behind the display device so that only the front face of the

di splay portion is lit up. 30 I n general, such a display device
Is fabri- cated by the follow ng nethod: -2- First, alight-transmtting
resin layer is formed of synthetic resin-wdch easily transmits |ight, e.g.
ty ansl ucent synthetic resin. A surface of the resin layer is colored with
pai nt of a dark color such 5 as black. Next, a portion of the
resultant paint coating is renoved by the use of a | aser beam whereby a
lsii'ght -transnitting di spl ay Riorgtpnai 3 igtaostecrandhe thion fesenofial is

from beni nd the foried o | BARHNAT -8R AR SUE0y | Fipeli e 1ot on
allows the |ight &.@ gotrapsdulpeguglsyrtitgidi sy sin devidceswafiaaksobethe
fabricated by  resin layer is colored with paint of a dark color such
5 as black. Next, a portion of the resultant paint
-coating is removed by the use of a laser beam, whereby
a light-transmitting display portion is exposédL The
front face of the display portion is easily recognized
by eyeéight when light is radiated from behind the
10 resultant display device, since the display portion
allows the light to go therethrough. '

The display device can aiso be ‘fabricated by
a two~color molding, which proceeds.as follows:
15 |
A light-transmitting resin layer is formed of
light-transmitting resin by a primary molding.' Next,
by a secondary molding, an opagque resin layér, composed
of a dark-color resin, is formed on a surface of the
20 light-transmitting resin layer excluding a portion to

become a display portion.

However, the above-mentioned two methdds for
fabricating a display device have the following prob-
25 lems: -

.The former method inevitably includes a large

number of fabrication steps, and is likely to incur a
large production cost, since painting and laser proc-

30 essing are required. On the other hand, the latter
method has a problem that a display portion of the
shape '0O’', '8', etc. cannot be fabricated properly,
since inner portions of such a display portion, which



a two-col or_nol di ng, which proceeds as follows: 15 Alight-transmtting
“resin kayer*is formed of light-transm tti'ng resin by a primary nol ding.
Next, by a secondary nol ding, an opaque resin |ayer, conposed of a
dark-color resin, is formed on a surface of the 20 light-transmtting
resin | ayer excluding a portion to becone a display portion. However, the
above-nentioned two nethods for fabricating a di splay device have the

foll ow ng prob- 25 | ens: The fornmer nmethod inevitably includes a | arge
nunber of fabrication steps, and is likely to incur a | arge production
cost, since painting and | aser proc- 30 essing are required. On the

ather ‘hand, the bab! elonidod Bgso@aq@é)'fggmat Frd §PERY RAN 109 8fhhe

shape '0', '8, etc. cannot abri cated propérly, since inner portions of
such a d| spI ay pBeEiegiEe wikiheh innes. pReEtd@fpsedeofsepaqynded Py athe

difficult to formight-transmitting display portion. More specifically,
it is difficult to transfer the dark-color resin to the
5 inside of the light-transmitting display portion after
the light-transmitting display portion has been formed
by the primary moiding.

In order to solve thé above-mentioned prob-
10 lems, a method for fabrication of a display device has
been proposed which is illustrated beloh with reference:

té Figure 4:

Figure 4 is a front view showing a conven-
15 tional lightftransmitting resin display device composed
.of synthetic resin. As is shown in Figure 4, the
display device includes a lightetransmitting display
portion 30, an inner non-display portion 34, and an
outer non-diéplay portion 35. A part-of,the light-
20 transmitting display portion 30 is disrupted so as to
define a disrupted portion 31. Resin is transferred
from the outef non-display portion 35 to the inner
non-display portion 34 through the disrupted
Iportion 31. According to this method, the_disrupted'
25 portion 31 is required to have a width of at least
0.4 mm so that the molten resin can pass smoothly
fherethrough. As a result, when. the display portion 30
is of a small size, the disruptéd portion 31 becomes
comparatively large, making the appearance of the

30 display portion 30 somewhat unnatural as a whole.

Japanese Laid-Open Patent Publication
No. 2—22869, for example, discloses a method for solv-



because the i nner. portions are surrounded by the light-transmtting display
porti ofA. MbT e specifically, it is difficult to transfer the dark-col or
resin to the 5 inside of the light-transmtting display portion after
the light-transmtting display portion has been fornmed by the primary

mal ding. In order to solve the above-nentioned prob- 10 | ens, a met hod
for fabrication of a display device has begn_proposed which is illustrated
bel ow with reference to Figure 4. Figure 4 is a front view showi ng a
conven- 15 tional light-transmtting resin display device conmposed of
synthetic resin. As is shown in Figure 4, the.display device includes a

la'ght-transm tti di.spl on-dj s pqrt 4. and
an outer non- d|§ﬂ%% E%%r%%ﬁﬁ&% h8§F§ ﬁ?ﬁgﬁﬁgbht i1 ghgéhtraﬁéﬁ$P?FXg
di spl ay portion &W gediisr tfsﬁ‘é@ds@yastW@-@@aneledllsug}pt éheonetbad3is

Resin is transfeid&eribom bBEoRUL G tHOReEHRNRY RY tF LS tHal hepi NORK
non-di splay portion 34 through the di srupted portion 31. Accofding to

this nethod, the®disrupted 25 portion 31 is required to have a wi dth of
at least 4 nmso that the nmolten resin can pass snoothly

Figufes 5A and 5B are sectional views showing

- an essential portion of a conventional mold used in

this method. Figure 6 is a sectional view showing an

essential portion of a conventional display device

10 fabricated by this method. As is shown in Figures 5a

and 5B, the mold used in this method includes: a pri-

mary female mold 41 having a congave . portion 43 for

forming a light-transmitting display portion 30; a male

mold 45 having a pin 46 capable of protruding

15 into/receding from a cavity 44 creéted between the male

mold 45 and the primary female.mold 41; and a sécondary
female mold 42. \

First, as is shown in Figure 54, a primary
20 molding 50 is formed by filling the cavity 44 with
light-transmitting resin, with the pin 46 protruding

into the cavitj 44. Then, as’'is shown in Figure 5B,
the pin 46 is retracted from the cav1ty 44, whereafter

the secondary female mold 42 is installed on the out-

25 side of the primary molding 50. Next, opaque resin is
injected into a concave portion 48 created between the
secondary female mold 42 and the male mold 45, whereby

the display device is obtained as a secondary molding

shown in Figure 6. In the above-mentioned process, as

30 is seen from Figure 5B, the opaque resin is suppiied
- from an outer concave portion 48a into an inner concave
portion 48b via a passage 49 created in the cavity 44

after the pin 46 has receded. Thus, inner and 6uter



t heret.hrough. As a result, when the display portion 30 is of a small size,
the di srupt®d portion 31 becones conparat:ively | arge, making the appearance

ofsthe 30 di splay portion 30 sonewhat unnatural as a whol e. Japanese -
Lai d- Open Patent Publication No. 2-22869, for exanple, discloses a nethod
fQr solv- -4- ing the above-nentioned probl-em in which a display device

is formed by two-color nolding. The nethad g s. descri bed bel ow, wth
reference to Figures 5A, 5B, and 6: 5 Figures 5A and 5B are sectional views
showi ng an essential portion of a conventional nold used in this method.
Figure 6 is a sectional view show ng an essential portion of a conventional

display device 10 fabricated b i ng 5510 i 0 ' I gar 5A

and 5B, the nold r?%%(é’isrpltw spogrreﬁ%&og]i%%l u es:gsahé}é?- Eﬁ%?y%efn%de: %I?ﬁl

having a concave qmaauen ugsfigy- f orktngthel i gamer r BASE 1 t BgCOHPEGFLing

portion 30; a malfrtion 32 is formed of a portion of the opague resin
that was filled in the passage 49.

As was described earlier, the width of the
passage 49 must be relatively small so that the con-
necting portion 32 is not recognizable by human eye-
sight. On the other hand, the width of the passage 49

10 must be large enough for the opagque resin to bass
through. Therefore, according to the conventional
method, a portion of the light-transmitting display

- portion 30 is left'to protrude from the back face of
the display'device so as to form a pfotrusion 33.

15 Since the passage 49 is formed on the back side of the
protrusion 33, the connecting portion 32 is pfevented
from being seen from the front face of the display

device.

20 However, in the above-mentioned method, the
.passage 49 runs all the way around the protrusion 33.
Because the paésage 49 is circuitous, the opaque resin
is prevented fromfflowing therethrough smoothly. In
other words, sufficient opague resin may not be sup—'

25 plied from the outer concave portion 48a to the inner
concave portion 48b via the passage 49. This makes it
necessary to inject the opaque resin with a relatively
highlpressure so as to ensure that a sufficient amount
of opaque resin is supplied to the inner concave por-

30 tion 48b. |



mol d 45 having a pin 46 capable of protruding 15
cavity*44 created between the male nol.d 45 and the- -primary femal e nold 41,
and a secondary female nold 42. First,

into/receding froma

as is shown in Figure 5A, a primary

20 mol ding 50 is fornmed by filling the cavity 44 with light-transmtting
resin, with the pin 46 protruding into the cavity 44. Then, as is shown in
Figure 5B, the pin 46 is retracted fromthé eavity 44, whereafter the
secondary fermale nold 42 is installed on the out- 25 side of the primry

nol di ng 50.

Next, opaque resin is injected into a concave portion 48

created between the secondary female nold 42 and the male nold 45, whereby
téhe di splay device is obtained ggMAARECORI®HY WNvENFgomhown in Figure 6.

t he above-nentioned process, as 30 Is seen fromFigure 5B, the opaque
resin is supplied froman outer concave portion 48a into an inner concave

I.n

portion 48b via a passage 49ldgdat-adansntinetiocgyidisdllanffevitbkecpmpodéedhas

receded. Thus,
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iB@e%jﬂ%ﬁé¥§éﬁresiﬁSéccording to the present invention
comprises: a light-transmitting resin layer composed of
light-transmitting resin and an opaque resin layer
composed of opaque resin, the opaque resin layer inte-
grally formed on a surface of the light-transmitting
resin iayer, wherein a portion of the light-transmit-
ting resin layer penetrates the opagque resin layer; a

light-transmitting resin display portion defined by the’

portion of the light-transmitting resin penetrating the
opaque resin layer; an inner non-display portion com-
posed of the opaque resin layer, thé inner non-display
portion being surrounded by the'light—transmitting

~display portion; and an outer non-display portion

composed of the opaque resin layer, the.outér non-
display portion being disposed on an outside of the
light-transmitting resin display portion, wherein a
connecting portion for connecting the inner non-display
portion and the outer non-display portion is integrally
formed of the opaque resin on a back side of the
light-transmitting display portion- and wherein a

curved portion is formed on a back side of the connect-

ing portion, the curved portlon protruding out51de of
the'light—transmlttlng display device.

In one embodiment, the width of the connect-.

ing portion is 0.5 mm or less, the width being taken in
a direction perpendicular fo a direcfion in which, seen
from a front side of the display device, the connecting
portion intersects the light-transmitting display

portion.



non-di spl ay_portions 34 and 35 have been forned of the opaque resin. At
the same tifme, a connecting portion 32 is formed of a portion of the
opaque resin that was filled in the passage 49. 5 As was described earlier,
the width of the passage 49 nust be relatively small so that the con-
ngcting portion 32 is not recogni zable by human eye- sight. On the.other
hand, the width of the passage 49 10 must7 be | arge enough for the opaque
resin to pass through. Therefore, according to the conventional nethod, a
portion of the light-transmtting display portion 30 is left to protrude
fromthe back face of the display device so as to forma protrusion 33. 15

(S;HOR:’:]:CE Pﬁgpgif??gn4gzl |sz 0ievent e(ﬁ%}‘eom el%él’gteg];ﬂ#ronﬁlﬁé {f-@é ?g%:e %f

the display devi ceesip is mllky whitggesein gnd twifeemet%rﬁ?m Feshod,
t he passage 49 rups wdcit heegway. around the protrusion 33. Because the
passage 49 is circuitous, the opaque resin is prevented fromflow ng

t her et hrough snmoothly. In other words, sufficient opaque resin nay not be
sup- 5 A mold for producing a light-transmitting

display device composed of synthetic resin according to
the present invention comprises: a light-transmitting
resin layer composed of light-transmitting resin and an
opaque resin layer composed of opaque resin, the opaque
10 resin layer integrally formed on a surface of the
1ight—transﬁitting resin layer, wherein a portion of
the light-transmitting resin layer penetrates the
opagque resin layer;.a light-transmitting resin display
portion defined by the portion of the light-transmit-
15 ting resin penetrating the opaque resin layer; an inner
' non-display portiQn composed of the opaque resiﬁ_layer,
the inner non-display portion being surrounded by the
light-transmitting display portion; and an outer non-
display portion composed of the opagque resin layer,
20 the outer non-display portion being disposed on an
outside of the light-transmitting resin display por-
tion, wherein the mold comprises: a primary female mold
having a concave portion for forming the light-trans-
mitting display portion; a male mold for creating a
25 cavity in cooperation with the primary female mold, the
cavity being to be filled with the light-transmitting
resin; a_pin capable of protruding into and receding
from the cavity; and a secondary female mold to be
installed on an. outside of a primary molding, the
30 primary molding being formed by filling the cavity with
the light-transmitting resin with the pin protruding .
into the cavity and by solidifying the light-transmit-
ting resin, and wherein a curved face is formed bn an



25 plied fromthe outer concave portion 48a to the inner concave portion
48b via the’passage 49. This makes it necessary to-inject the opaque resin
wirth a relatively high pressure so as to ensure that a sufficient anpunt of

opaque resin is supplied to the inner concave por- 30 tion 48b. - 6-
SUMVARY OF THE | NVENTI.ON A |ight-transmtting -di splay device conposed of
synthetlc resin according to the present 4 rention 5 conprises: a

light-transmtting resin layer conposed of light-transmtting resin and an
opaque resin layer conposed of .opaque resin, the opaque resin |ayer inte-
grally fornmed on a surface of the light-transmtting resin |ayer, wherein a

portion of the 'hgﬂie B -tHD pin WHEH Gt haney PSR asad gpaque
resin layer; ali transnlttlng resin display portion defined by t

portion of the light-transmtting resin penetrating the opaque resin Iayer

anm inner non-di splay porti o cofie embedimknte wpagtieiclesess| aferthd hein

| nher nonchspla%s 0.5 mm or less, the thickness being taken in a

5 direction perpendicular to a direction in which, seen
from a front side of the display device, the pin inter-

sects the light-transmitting display portion.

'A pin used in a mold for the fabrication of a

10 light-transmitting display de&ice composed of synthetic
resin according to the present-invention has a curved

face formed on the ﬁpper end thereof., As a result, a
curved portion is formed in a passage formed after the

pin has receded from the cavity. Resin which flows

15 through the passage can be smoothly transferred from an
outer concave portion to an inner concave pbrtion,

since it flows along the curved portion.

Thus, the invention described herein makes

20 _possible the advantages of (1) providing a light-
transmitting display device composed of synthetic resin

and having an inner non-display. portion which is sepa-

rated from an outer non-display poftion by 'a display
portion, the display device-being formed in an integral

25 manner by multi-color molding, (2) providing.a mold. for
integrally forming a display device having an inner
non-display portion which is separated from an outer
non-display portion by a display portion, without
disrupting any parts of the display portion, the dis-

30 play device being formed by multi-color molding, and
(3) providing a mold éapable of forming a display
device using a relativély low pressure, taking advan-

tage of a good flow of resin from an outer concave



15 portion being surrounded by the light-transmtting display portion;
and an-outet non-display portion conposed of the opaque resin |ayer, the
out er non- display portion being disposed on an outside of the
light-transmitting resin display portion, wherein a 20 connecti ng
partion for connecting the inner non-display portion and the outer

non-di splay portion is integrally fornmed -of9 the opaque resin on a back si
of the light-transmtting display portion, and wherein a curved portion
formed on a back side of the connect- 25 ing portion, the curved porti
protrudi ng outside of the light-transmtting display device. In one = .
eyrbodi ment, the whGhidy Of £HEak OMREEE -coEhROTEd PR s, 0. 5 nm or | ess, the
wi dt h being taken in 30 a direction perpendicul-ar to a direction in
whi ch, seen froma front side of the display device, the connecting porti
intersects the |ight-transnrhékeg a3 eyepobidvintages/-of NntRBOPiEEsent

enbodi ment, the |jaht-transmiii pdeome apparent to those skilled in the
5 art upon reading and understanding the following de-
tailed description with reference to the accompanying

figures.

BRIEF DESCRIPTION OF THE DRAWINGS

10
Figure 1A is a sectional view showing an

essential portion of a mold in operation according to

an example of the present invention.

15 Figure 1B is a sectional view showing an
essential portion of a mold in operation according to

an example of the present invention.

Figure 2 is a plan view showing a light-
20 transmitting resin display device composed of synthetic
resin according to an example of the present invention.

Figure 3A is an enlarged front view showing a
pin in a mold shown in Figure 1.

25
Figure 3B is an enlarged front view showing a

modified example of a pin in a mold shown in Figure 1.

Figﬁre 3C is an enlarged front view showing a

30 modified example of a pin in a mold shown in Figure 1.

Figure 4 is a front view showing a conven-

tional light-transmitting resin display device composed



resin.is mlky-white resin and wherein the opaque resin is black resin. 5
A nol d«for brodUC|ng alight-transmtting display device conposed of
synthetic resin according to the present invention conprises: a
light-transmtting resin |ayer conposed of light-transmtting resin and an
opaque resin |layer conposed of opaque resin, the opaque 10 resin | ayer
integrally forned on a surface of the lightt@ransmtting resin | ayer
wherein a portion of the light-transmtting resin |ayer penetrates the
opaque resin layer; a light-transmtting resin di splay portion defined by
the portion of the light-transmt- 15 ting resin penetrating the opaque
resin |ayer; an inpe 5 ortion conposed of the opaque resin

| ayer’ the inneré%Lé%ﬁﬁE#gyéB%?%lﬁn bei ng surrounded by the
light-transmtting display portion; and an outer non- display portion
conmposed of the opaque resipjhay®l ,580is o heoUienhdDnviiespl Syopdrg oan

bei ng di sposed on an outside of the ht-transm tt sin displ or -
tion, wherein t heEFRAREEIhpPPEELOR O% gn%?@”??ﬁ&ﬁ%?*mﬁ%# i1 epePatioh:

aving a gsihcave
portion fos form ng the Ilght trans- mtting display portion; a nmale nold

for creating a 25 cavityp}g.GA0ReRation Weeiba Ll ¥Rk EHBLA P! &n
e- : _
essential portion of a conventional mold in operation.

Figure 6 is a sectional view showing an

10 essential portion of a conventional display device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, an example of the.present inven-
.15 tion will be described with reference to Figures 1A,
18, 2, 3a, 3B, and 3C. Figures 1A and 1B are sectional
views showing an essential portion of a mold according
to the present example. Figure 2 is a top view showing
a light-transmitting resin display device composed. of

20 synthetic resin according to the present example. -

Example 1 . . ’ )
As is shown in Figure 1A and 1B, the mold

includes: a primary female mold 1 having a concave
25 portion 3; a male mold 5 for forming a cavity 4 in
coopefation with the primary female mold 1; a pin 6
cabable of protruding into and receding from the cavi-

ty 4; and a secondary female mold 2.

30 The primary and secondary female molds 1 and
‘2 are so configurated as to be capable of moving in a
vertical direction. When the primary female mold 1 is
disposed upon an upper face of the male mold 5; the



cavity being to be filled wth the Iight- transn1tt|ng resin; a pin capable
of protrudihg into and receding fromthe cavity; and a secondary femal e
netd to be installed on an outside of a primary nolding, the 30 primary
nol di ng being formed by filling the cavity with the light-transmtting
resin wwth the pin protruding into the cavity and by solidifying the
light-transmt- ting resin, and wherein ackved face is forned on an

-8- upper end of the pin whi ch protrudes into the cavity. In-one

enbodi ment, the thickness of the pinis 0.5 nmor less, the thickness being
taken in a 5 direction perpendicular to a direction in whi ch, seen from

afront side of téhevdﬂt p'4a>iéieafsstefdﬂecrpéfeb@tﬁfeeﬁect THd'%in 6 is so
light-transmtti | ay portion. A pin used in a nold for_ the

fabrication of a 19“P@gﬁpﬁtﬂ%ﬁﬂﬁ§? ngSdFSpPey TRRARLECHfpREQFETrding
synthetic resin aGesy dhmg f@cé@m@reﬁemt thaveatiiay HAs ariseir vieickaessf ofned

on the upper end thereof a resu rved rtion is ftqQrned . n a
passage fornedaﬁEQﬁ GA%lné;c ed % l% lggter é RR @%&dfb 2)
5 should preferably be 0.5 mm or less, and more prefera-
bly be within the range of 0.3 mm to 0.4 mm. The pin 6
has a curved face 7 on the upper'end thereof, which

protrudes into the cavity 4.

10 ' The curved face 7 may have any of the config-
urations shown in Figures 3a to 3C, which are enlarged
front views showing exemplary configurations for the
pin 6. In any of Figures 3A to 3C, the curved face 7
has no angular corners. The curved face 7 shown in

15 Figure 3B has a substantially uniform curvature. The
curved face 7 shown in Figure 3B consists of a vertical
face 6a and a bottom face 6b. The curved face 7 shown
in Figure 3C consists of a tapered face 6c and a bottom
face 6b. However, the curved face-7 may have configu-

20 rations other than those shown in Figures 3R to 3C.

Firsf, as is shown in Figure 1A, a primary
moiding (light-transmitting resin layer) 10 (shown in
Figure 1B) is formed by filling the cavity 4 with

25 . light-transmitting resin, with the pin 6 brotruding
into the cavity 4 and abutting with an inside face of
the primary female mold 1, and by solidifying the
light-transmitting resin. As is shown in Figure 1B,
the secondary female mold 2 is so configurated as to be

30 capable of being installed on and covering the light-
transmitting resin layer 10. Then, the primary female
mold 1 is detaghed from the male mold 5, whereafter the

secondary female mold 2 is clamped on the upper face of



pin has receded fromthe cavity. Resin which flows 15 t hrough the
passage can be snoothly transferred froman outer concave portion to an

i ther concave portion, since it flows along the curved portion. ‘Thus, the

i nvention described herein nmakes 20 possi bl e t he advant ages of (1)
providing a light- transmtting display device conposed of synthetic resin
and having an inner non-display portion whith +s sepa- rated froman outer
non-di splay portion by a display portion, the display device being forned
in an integral 25 manner by multi-color molding, (2) providing a nold
for integrally form ng a disptay device having an inner non-display portion

whi ch i s separat eghd il & mOLA €5 . NORE b PLRY POR L6 Ofls bfeerab&aharraﬂr tchan
W t hout disrupting any parts of the dis Iay orti.on, 5 di s-
$ 5 nfadt

devi ce being for fedVb ﬂnﬂ¢|98aQHen5?8ﬁﬁb niPd S He oyl vy Slﬁﬂ
capabl e of formrppfmﬂoﬁp8a¢rdemeﬂanequpmitMéa3eneh¢dnmmﬁﬁﬁﬂ&mrmoldamlng

advan- tage of a goodfL oy g ¢Hhdn AR Al HLELACPAGREC 10. “%n a pox-
5 . tion of the cavity 4 where the pin 6 was situated
before the retraction, a passage 9 is created which
connects an outer concave portion 8a and an inner
concave portion 8b. The opaque resin is supplied from
the outer concave portion 8a to the inside of the inner
“10 concave portion 8b via the passage 9. As a result,
inner and outer non-display portioné 23 and 24 are
formed of the opaque resin. -Thus, the dispiay device
is obtained as a secondary molding ‘as shown in,

Figure 2.

15

| As is seen from Figure 2, the display device
includes the_lighf—transmittiﬁg resin léye: 10 and an
opaque resin layer 20 integrally formed on a surface of
the light-transmitting resin layer 10. A portion of
20 the light-transmitting resin layer 10 penetrates the
opaque resin layer 20 in a direction vertical to the
front face of the display device. Thus, a light-trans-
mitting display portioh 11, which is composed of the
.light—transmitting resin'layer 10, is formed on a
25 portion of the surface of the opaque resiﬁ layer 20.
More specifically, the opaqgue resin layer 20 is com-
posed essentially of the inner ﬁon-display portion 23,
which is completely surrounded by the light-transmit-
ting display portion 11, and the outer non-display
30 portion 24, which is disposed on the outside of the

light-transmitting display portion 11.



portion to an inner concave portion. These and ot her advantages of the
present invéntion will become apparent to those skilled in the 5 art
upon readi ng and understanding the following de- tailed description with
reference to the acconpanyi ng figures. BRI EF DESCRI PTI ON OF THE DRAW NGS 10
Figure 1A is a sectional view showi ng an essential portion of a nold in
operation according to an exanple of- t he prissent invention. 15

Figure 1B is a sectional view showing an essential portion of a nold in
operatlon according to an exanple of the present invention. Figure 2 is a
pl an view showing a light- 20 transmtting resin display device conposed

of- synthetic resin according é@n&lﬂa@!ﬁﬂﬂ@l P&t tlilthh p2QSQiBmp6‘é%’ﬂ|6$ dngure
3Ais an enlarged front view sh gwi, ng (ﬁé in a nold sh ggp ur e 1. f25
Figure 3B is an &R3FYed Froht*¥ie % &8 lﬁ(}’af‘?f'i)’&‘? i 29 gnbaé:kof H9i%in
a hold shown in RilgerkightHtnarsiCtitd ran @hbplgyd poohtion el showiayy o
connect the inner non-display portion 23 and the outer
5 non-display portion 24. In other words, the connecting
portion 21 is formed in the portion of the cavity 4
where the pin 6 was before the retraction thereof. On
the back side of the connecting portion 21 is formed a
curved poxrtion 22 (shown in Figure 1B), which is formed
10 in accordance with the curved face 7 of the pin 6.

The connecting portion. 21 may have any
width t. However, the width t should preferably be
relatively-smail_so that the conhecting portion 21

15 cannot be recognized through the display portion 11
when the display dévice is seen from the front.

By disposing a light source on tﬁe back-face

side of the display device thus obtained (i.e. the side

20 where the light-transmitting resin layer 10 is chiefly
formed),'aﬁd activating the light source, the light-
transmitting display portion 11 can be recognized as a
bright portion, as seen from the front side of the
display device, since light emitted from the light’

25 source is transmitted_through the display bortion 11.
Since the connecting portion 21 formed across the
display portion 11 on the back side thereof has only a
small width, the light is hardly interrupted by the
connecting portion 21. As a result, the display por-

30 tion 11 conducts a clear display.

As for the light-transmitting resin used in

the present invention, it can be made of any material



30 -modi fied exanple of a pinin a mold shown in Figure 1. Figure 4 is a
front view Showi ng a conven- tional light-transmtting resin displ ay deV| ce
conposed - 10 - of synthetic resin. Figure 5A is a sectionag
showi ng an essential portion of a conventional nold i
5B is a sectional view show ng an essential portion c
In operation. Figure 6 is a sectional viewkhow ng an|10
portion of a conventional display device. DESCRIPTIQO
EMBODI MENTS Herei nafter, an exanple of the present inven- 15 tion will
be described with reference to Figures 1A, 1B, 2, 3A, 3B, and 3C. Figures

LA and 1B are secid ofgh Vh%"‘@tsmrfgn:@‘eseifiﬁﬂtt' aI E&Cgiﬁoﬂnotvhfiéﬂ)'éj de-
according to the present exanp re 2 1S a top view show n

| e u
light-transmtti riiredi AY8i Spl H&gﬁgﬁg‘césc@rﬂﬂﬁ%oc?)‘f‘ be usegynt é{xl' CFJBT
according to the gwesepheexagpketransmitting display portion 11 may be

composed of milky-white resin, or resin having any

5 other color. 1In cases where light-transmitting resin
in which a fluorescent dye or pigment is added is used,
the display portion 11 emits fluorescent light when the
light source is turned on. As a result, a vivid dis-
play can be provided even in cases whére the cbnfigura-

10 tion of the display portion 11 consists of fine lines:;
as the connecting portion 21 formed of fhe opaque resin
has substantially no influence on the display.

As for the opaque resin, there is no limita-

15 ~tion to the color thereof. For ekample, black-colored
resin can be used. I '

The overall configuration of the display
device is not limited to that deécribed above; the

20 display device can have any shape, such as a plate-like
shape or any three-dimensional shape, as long as it is

possible to form the display device.

Various other modifications will be apparent

25 to and can be readily made by those skilled in the art
without departing from the scope and spirit of this
invention. Accordingly, it is not intended that the
scopé of the claims appended hereto be limited to the
description as set forth herein, but rather that the

30 claims be broadly construed.
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Example 1 As is shown in Figure 1A and 1B, the nold includes: a primry
femate nol d 1 having a concave 25 portion 3; a male nold 5 for formng a

cavity 4 in cooperation with the primary female nold_1; _a pin 6 capabl e of
protruding into and receding fromthe cavi- ty 4, andlg‘EEEﬁﬁdafy~LenaL§
nol.d 2. 30 The primary and secondary fems JJ” }lﬂﬂ! nd 2 are
so configurated as to be capable of noving i a verti l"? ﬂ

the primary female nold 1 is disposed upon an upper face of th

5, the - 11 - cavity 4 is created therebetween. The pin 6 is so
desi gned and di sposed as to be capable of protruding into and recedi ng from

the cavity 4. The_thickness_of the pin 6 (indi.cated by the letter "t' in
Figure 2) 5 ., s#%%tdi%+818+agﬂy—€é 0.5 mMm or |less, and nore prefera- bly
be within the range of 0.3 mmto 0.4 nm The pin 6 has a curved face 7 on
thé upper end thejeoh, ML -REQULUAEELENPL d16peaY Weice composed of
synthetic resin, the display device comprising: _
5 a light-transmitting resin layer composed of
light-transmitting resin and an opaque resin layer
composed of opaque resin, the opague resin layer inte-
grally formed on a surface of the light-transmitting
resin layer, wherein a portion of the light-transmit-
10 ting resin layer penetrafes the opaque resin layer:;

a light-transmitting resin display portion
defined by the portion of the llght transmlttlng resin
penetrating the opaque resin layer;

an inner non-display portion composed of the

15 opagque resin layer, the inner non-display portion being
surrounded by the light-transmitting display portion;
and ' _ : _

an outer non-display portion composed of the
opague resin layer, the outer ﬁon—display portion

20 being disposed on an outside of the light-transmitting
resin display portion, '

wheréin a connecting portion for connecting
the inner non-display portion and the outer non-display
portion is integrally formed of the opaque resin on a

25 back side of the light-transmitting display portion,
and wherein a curved portion is formed on a back side
of the connecting portion( the curved portion protrud-
ing outside of the light-transmitting display device.

30 2. A light—trahsmitting display device according to
claim 1, wherein the width of the connecting portion is
0.5 mm or less, the width being taken in a direction

- perpendicular to a direction in which, seen from a



10 The curved face 7 may have any of the config- urations
shown kn Fidures 3A to 3C, which are enlarged front- views sh -
conflguratlons for the pin 6. In any of Figures 3Ato 3C, the curve l &m 7

has no angul ar corners. The curved face 7 shown in 15 MA““H“
substantial ly uni form curvature. The curved face 7 sho

consists of a vertical face 6a and a bottem6ace 6b. The turve face 7
shown in Figure 3C consists of a tapered face 6¢c and a bottom face 6b.

However, the curved face 7 may have configu- 20 rati ons ot her than those
shown in Figures 3A to 3C. First, as is shown in Figure 1A a primary

mol ding (11ight- trmtgwa BQS't'i‘le' %&Iﬁlé@ d&houe, i RhEi gonmeding porned
by filling the cavity 4 wth 25 ht-transmt{

6
protruding into t?k?Qm&H?%Iﬂe%ﬁﬂ E%%t +%@tmf¥ﬁ“%mlFFg?%e *%E%a%fp?ﬁg Rln

prinmary female nold 1, and by solidifying the Ilght transmtting resin.

I's shown in Flgure 1 secondar femal e nDI o] e to
be 30 capable g } YE@P@HXSElW%i%%% reR q%fiqé ﬁ%hg&ﬁghs ??ln
resin |ayes 10. d&mﬁmtﬂw phanﬂynfmh#elmMHtitrsmﬁmkmhéamr%ﬁﬁmﬂahﬁle

mold 5, whereafter; {ie jRGQudarysiMahe Mhld-&ihs thledMine 08 LRauppes hace

of
black resin.

4. A méld for producing a light—transmitting display

10 device composed of synthetic resin, the display device
comprising: .

| a light-transmitting resin layer composed of
light-transmitting resin and an opaque resin layer
composed of opaque resin, the opaque resin layer inte-

15 grally formed on a surface of the light-transmitting
resin layer, wherein a portion of the light-transmit-
ting resin layer penetrates the opaque resin layer;

a light-transmitting resin display portion

_ defined by the portion of the light-transmitting resin

20 penetrating the opaque resin layer;

an inner non-display portion composed of the
opagque resin laYer, the inner non-display portion being
surrounded-by the light-transmitting display portion;
‘and _

25 an outer non-display portion composed of the
opaque resin layer, the outer non-display portion
being disposed on an outside of the light-transmitting
resin display portion,

' wherein the mold comprises:

30 ' a primary female mold having a concave por-

tion for forming the light-transmitting display por-

tion;



- 12- the male nold 5.7After the pin-6-is retracted fromthe cavity 4,
opaque*re3|n IS |nJected ncave ortlon 8 created between the
seeondary female nold 2 g E ﬂll&u nsmtting resin layer 10. In a
por- 5 tion of the cavis pin 6 was : ' e
refraction, a passage 9 is created whi ch connects nnﬂﬁ&&ﬁﬁ&dﬁﬁhﬁ%ﬂbcftion
8a and an inner concave portion 8b. The oparue-resiin i s BERAGCEY fronthe
outer concave portion 8a to the inside of the inner—to toncave portion 8b
via the passage 9. As a result, inner and outer non-display portions 23
and 24 are fornmed of the opaque resin. Thus, the display device is obtained
as a secondary molding as Q¢ Mgl d Wk Zerddrfity 1§ BRI 1 O EbOkgal,

the display device includes the ght - transn1tt|n§ resin layer 10 and
opaque resin IayéHQH)W*ﬁ%g?%?l9r#8?ﬁﬁdf§ﬁa&esEPﬂ eet8919ﬁ¥1ty being £o

light-transm tting resired ayeth Johe A it i @rfar¥mitting resin;
a pin capable of protruding into and receding

5 . from the cavity; and
a secondary female mold to be installed on an
outside of a primary molding, the primary molding'being
formed by £filling the cavity with the light-transmit-
ting resin wifh'the pin protruding into the cavity and
10 by solidifying the light-transmitting resin,
and wherein a curved face is formed on an
upper end of the pin which protrudes into the cavity.

5. A mold according to claim 4, wherein the thickness
15 of the pin is 0.5 mm or less, the thickness being taken
in a direction perpendicular to a direction ih_which,
seen from a front side of the display &évice, the pin
intersects the light-transmitting display portion.

- This Sheet Has Been R.
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20 .the light-transmtting resin |layer 10 penetrates the opaque resin
layer 20 in‘a direction vertical to the front face of the di splay=dgvi ce.

Thus, a light-trans- mtting display portion 11, which=H agen gf t he
light-transmitting resin layer 10, is fornmed on X of the
surface of the opaque resin |layer 20. Mre specif e resin
| ayer 20 is com posed essentially of the-ipger nte=eH 23,

which is conpletely surrounded by the light-transmt- ting display portion
11, and the out erA nLIGHTSTRANSMITTING HISPLAY!  DEVICE) CAMBOSEDSEE on t he

connecting portion 21 conposed £.9p - Seppt.egral Ty fornmed on
t he back side of the Iight-tran§%§. .Eg gﬁgﬁ?%sé%éyééiﬁﬁél so as to connect

the inner non-display portion 23 and the outer 5 non-di spl ay portion
24, 1n other words, the copngehidtdObEhehg?ld Sthar Patddnthe RS+ £8n0f

the cavity 4 where the pin 6 was before the retraction thereof. On
includes: a primary female mold having a concave por-

5 tion for forming a light-transmitting display portion;
| a male mold for forming a cavity, which is to be filled
with light-transmitting resin, in cooperation with the
primary female mold; a pin capable of protruding into
and receding from the cavity; and a secondary female
10 mold. The pin has a curved face on the upper end
thereof, which protrudes into the cavitf. As a result,
a curved portion is formed in a passage formed after
the pih has receded from the ca&ity. Resin which flows
through the paésage can be smoothly transferred from an
15 outer concave portion into an inner concave portion,

since it flows along the curved portion.

This Sheet Has Been Reilaced
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t he back side of the connecting portion 21 is forned a curved portion 22
(showniin Fi'gure 1B), which is fornmed 10 in accordance with the curved
face 7 of the pin 6. The connecting portion 21 may have any width t.
However, the width t should preferably be relatively small so that the
~connecting portion 21 15 cannot be recogni zed through the display
portion 11 when the display device is seen fromthe front. By disposing a

| i ght source on the back-face side of tjpe di splay device thus obtained .
(i.e. the side 20 where the light-transmtting resin layer 10 is chiefly
formed), and activating the |light source, the light- transmtting display
portion 11 can be recognized as a bright portion, as seen fromthe front
side of the display device, since light emitted fromthe |ight 25 - source
is transmtted through the display portion 11. Since the connecting portion
21" formed. across the display portion 11 on the back side thereof has only a
small width, the light is hardly interrupted by the connecting portion 21.
As a result, the display por- 30 tion 11 conducts a clear display. As
for the light-transmtting resin used in the present invention, it can be

made of an t eri Al .
_ FgLemA 7\ (3 /4 /1. X
Dl

=N 7 / .
il .\'/fs
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- 14.- as long as it transmts light. Resin in which a de- sired dye or

pi gment i s added can be used. For exam ple, the light-transmitting display
poktion 11 may be conposed of mlky-white resin, or resin having any 5
other color. In cases where light-transmtting resin in which a
fluorescent dye or pignent is added is used, the display portion 11 emts
fluorescent |ight when the light source is turned on. As a result, a vivid
di s- play can be provided even in cases/3here the configura-- 10 tion of
the display portion 11 consists of fine lines; as the connecting portion 21
formed of the opaque resin has substantially no influence on the display.
As- for the opaque resin, there is nolimta- 15 tion to the color
thereof. For exanple, black-colored resin can be used. The overal
configuration .af thegfisplay'device isnot limted to that described above;
the 20 disdﬁd dey ce can have any shape, such as a plate-like shape or
any three-di nensi bnal shape, as long as it is

1 1{10)
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possi ble to formthe display device. Various other nodifications will be
apparent 25° to and can be readily nmade by those skilled in the art

wkt hout departing fromthe scope of this invention
Accordingly, it is not intended that the scope of the clains appended
hereto be Iimted to the description as set forth herein, but rather that

the 30 ~clainms be broadly construed. - 15 - Wat is clained is: 1. A
light-transmtting display device comppsed of synthetic resin, the display
device conprising: 5 a light-transmtting resin |ayer

conposed of light-transmitting resin and an opaque resin |ayer conposed of
apaque resin, the opaque resin layer inte- grally forned on a surface of
the light-transmtting resifi | ayer, wherein a portion of the
light-transmt- 10 ting resin |layer penetrates the opaque resin |ayer; a
light-transmitting resin display portion defined by the portion of the
light-transmtting resin

Fiq. 3A | | FiCj. 3B

7 ea . 6b




penetrating the opaque resin |ayer; an inner non-display portion conposed
of t’hetl5 * opaque resin layer, the inner non-display portion being
sekrounded by the light-transm'tting display portion; and an outer
non-di spl ay portion conposed of the opaque resin |ayer, the outer

nop-di splay portion 20- bei ng di sposed on an outside of the _
light-transmtting resin display portion, wherein a connecting-portion for
connecting the inner non-display portion and the outer non-display portion
is integrally fornmed of the opaque resi4dSon a 25 back side of the
light-transmtting display portion, and wherein a curved portion is forned
on- a back side of the connecting portion, the curved portion protrud- ing
outside of the light-transmtting display device. 30 2. A
light-transmtting display device according to claim1, wherein the width
of “the connecting portion is 0.5 mmor less, the wwdth being taken in a
direction perpendicular to a direction in which, seen froma

Fic]. 4
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- 16 - fron{ side of the display device, the connecting por- tion
int.ersdcts the light-transmtting display portion. 8. Alight-transmtting
di'spl ay device according to 5 claim1l1, wherein the light-transmtting
resinis mlky-white resin and wherein the opaque resin is a black resin.
4.: Anold for producing a light-transmtting display 10 devi ce conposed
of synthetic resin, the display device conprising: a light-transmtting
resin layer conposed of light-transmtti gPresin and an opaque resin |ayer
conposed of opaque resin, the opaque resin |ayer inte- 15 grally forned
on a surface of the light-transmtting resin |layer, wherein a portion of
the Iight-tfnsn‘itlj‘éipg.resi n | ayer penetrates the opaque resin |ayer; a
li ght-transii {4 nglrldsin di spl ay porg+on d%ii ed by the portion of the

light-transmtting resin 20 pene ting opaq lesin layer; an inner
non-di spl ay portion conposed o in lgyer, the inner
non-di spl ay portion being surrijptdnded el gh¥“’ftdnsmitting display
portion; and ' 43

=

f?ES N /C;Eé::T\\\ _ 45
Fig. 5B
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25 o an outer non-display portion conposed of the opaque resin
| ayer, the outer non-display portion being disposed on an outside of the
light-transmtting resin display portion, wherein the nold conprises: 30
a primary femal e nold having a concave por- tion for formng the
light-transmtting display por- tion; -17- a male nold for creating a
cavi y in cooperation with the primary femal® nold, the filled with the

light-transmtting {PL o ikt |.e dkang, | d.recedi ng
frgr'n 5 t he cag&mﬂl. lagggz wﬁ%& e f&iﬁg;%?ﬁiﬁson an

out si de of a pri MEry oI TIY; =~ e pritrary-m Y- Fre- #illing
the cavity with the |ight- tranSBSTRACT OBSTHE\WISCLOSUREN protruding into
the 10 cavity and by solidifying the light-transmtting resin, and

wherein a curved face is forned on an upper
A mold according to the present invention

includes: a primary. female mold having a concave por-

5 tion for forming a light-transmitting display portion;
a male mold for forming a cavity, which is to be filled
with light-transmitting resin, in cooperation with the
primary female mold; a pin capable of protruding into
and receding from the cavity:; and a secondary female

10 mold. The pin has a curved face on the upper end
thereof, which protrudes into the cavity. As a result,
a curved portion is formed in a passage formed after
the pih has receded from the cavity. Resin which flows
through the passage can be smoothly transferred from an

15 outer concave portion into an inner concave portion,
since it flows along the curved portion.

(Figures 1A, 1B and 2)
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end of the pi n which protrudes into the caV|ty, “and mhereln a secondary
female nold is installed on an outside of a primary ‘¥ ﬁgﬁéﬁaﬁf““~m~

and the pin is withdrawm fromthe cavity and is arrarf&égia Sﬁﬁﬁ?hner

and outer non-display portions and the connecting po tloh with a cur. éj“""!
part. 5. A nmol d according to claim4, wherein the !hICKZQ§ﬂﬂ9%w9he pja i
0.5 mMmmor less, the thickness 20 bei ng-thgken in q direction .

perpendicular to a direction;in which, seen froma fjfont. stoe"of—t4 oy
di splay device, the pin intersects the light-transm tilng di splay port 0n5
6. Alight-transmtting display device 25 substantially as

her ei nbef ore descrjhe r i1 | u
A 1B, 2 aa 35 Sna R e ¢ ﬁi%%%ﬁn%gﬁg: UGS, | RES50S o duage)

producing a |ight - B1ARSNA¥E OF Rignent %‘éﬂ%@b§9§ntbieal‘-}%ﬁ%s hEPEi ABaRor e
described, 30 pLED fdlecnafitr {trarifh ©6ind Iaiggab?d Pdastfmgumsﬂ.&ﬁ béB,
2, 3A, 3B and 3C of the ac O”Eaﬁ&f%§c"ﬁ- ngs. 11 111711 11111
11111111111 pose -white  res or res aving any
5 other color. 1In cases where light-transmitting resin
in which a fluorescent dye or pigment is added is used,
the display portion 11 emits fluorescent light when the
light source is turned on. As a result, a vivid dis-
. play can be provided even in cases where the configura-
— 10 tion of the display portion 11 consists of fine lines;

as the connecting portion 21 formed of the opaque resin

has substantially no influence on the display.’

As for the opaque resin, there is no limita-
15 tion to the color thereof. For example, black-colored
resin can be used. .

The overall configuration of the display

device is not limited to that described above; the

20 display device can have any shape, such as a plate-like

‘shape or any three-dimensional shape, as long as it is
possible to form the display device.

Various other modifications will be apparent
25 to and can be readily made by those skilled in the art
without departing from the scope of this
invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the
descriptién as set forth herein, but rather that the

30 claims be broadly construed.
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a male mold for creating a cavity-imrcooperation |
with the primary female mold, the .cawit: i '
filled with the light-transmitting resin;

a pin capable of protruding into and receding from

the cavity; and

a secondary female mold to be installed on an
outside of a primary molding, the pfimary molding being
formed by filling the cavity with the light-
transmitting resin with the pin protruding into the
cavity and by solidifying the. light-transmitting resin,

and wherein a curved face is formed on an upper
end of the pin which protrudes into the cavity,

and wherein a secondary female mold is installed

on an outside of a primary molding,
and the pin is withdrawn from the cavity and is

arranged to form the inner and outer non-display

portions and the connecting portion with a curved part.
S. A mold according to claim 4, wherein the
thicknéss of the pin is 0.5 mm or less, the thickness
being taken in a direction perpendicular to a direction
in which, seen from a front side of the disélay device,

the pin intersects the light-transmitting display
portion. )

6. A light-transmitting display device
substantially as hereinbefore described, with reference
to, and as illustrated in, Figures 1A, 1B, 2, 3A, 3B
and 3C of the accompanying drawings. o _

7. A mold for producing a light-transmitting
display device substantially as hereinbefore described,

with reference to, and as illustrated in, Figures 1A,
1B, 2, 3A, 3B and 3C of the accompanying drawings.

| O R



