DESCRI PTI ON  OPTI CAL CONNECTI NG MEMBER AND DI SPLAY
APPARATUS Technical Meld [0001] The present invention
relates to an optical connecting nenber that connects
two lighting regions and a di splay apparatus that
utilizes this optical connecting nenber. Background
Art [0002] Information processing devices such as
portabl e tel ephones or personal digital assistants
(PDA) as well as laptop conputers and the |ike al ways
provide illumnation for a liquid crystal display

that di splays i mages and characters, and nowit is
common for these types of devices to provide

illum nation of the part PESCRIPEIQNvi ce for operating
the keys as well. [0003] For exanple, as disclosed in
the follow ng Patent Docunment 1, in the portable

t el ephone device both the display part and the key

oper at i QBTH AL CONNECEIN(HMENBER AND PISELAMAPEARATUS
light source. The liquid crystal display part is
lighted by a backlight wutilizing a |ight guide plate,
while the key operating part is illumnated by an LED
or Tedpical FiRld att ached to a substrate. [Patent Docunent
1] Japanese Patent Application Laid-COpen No.

200M0plo 5he presprivdineentionDslatayen an 2pticah cenvectipg yndnehgr thah connects
No. 2004-508599 | Disclosure of the Invention .
Pr ¥t dightingotegiogs layd @hdisplex epraratvs [boOOUlizes (thip (pptical connecting
portabl e tel ephone device with Iighting function

pr 8¢mied di scl osed in Patent Docunent 1, above,

dedi cated |ight sources are provided for each of the
liquid

Background Art

[0002] Information processing devices such as portable telephones or personal digital
assistants (PDA) as well as laptop computers and the like always provide illumination
for a liquid crystal display that displays images and characters, and now it is common
for these types of devices to provide illumination of the parts of the device for operating
the keys as well.

[0003] For example, as disclosed in the following Patent Document 1, in the portable
telephone device both the display part and the key operating part are each provided with
a dedicated light source. The liquid crystal display part is lighted by a backlight
utilizing a light guide plate, while the key operating part is illuminated by an LED or the
like attached to a substrate.

[Patent Document 1] Japanese Patent Application Laid-Open No. 2004-295187

[Patent Document 2] Patent publication No. 2004-508599



crystal display and the keyboard operating parts,

meani ng that power consunption is substantial and the

battery will be quickly exhausted. Further, usually a

plurality of keys are provided in a key operating

part which raises concerns that having to provide

i ght source to each individual key mtigates against

cost reductions. [0005] Against this background, the

present invention ains to provide a display apparatus

and an optical connecting nenber in which there is

r edtigcdogursofigle Ingentiennpt i on by an i nformation

processi ng device provided with |ighting

f ukaehlegnbolyed by thednventien f ur t her nor e enabl es cost

reductions. Means for Solving the Problem[0006] Wth

t h&0008} dgdhaperisblstielenbens devideevith lighting fitrictier prowiderbdisilosgd in

menber according to themgpesent invention is

c ohpteRfulresymentcli abayat degisetom Bght sovrcessre pioyied foy eacbgifdhe liquid

having a light source and a light guide plate, and a

secoral dipriat idghe keybeaid operating narts.t mesding ithahpawer eomemption is

surface of the Iight guide plate is guided to the _

sedEntal gat fhe patteyivoh be gaickly sxhausted ~ divrtherapsually a plurality of

connecting nmenber operates to guide light, via the _

| i GRS aEfuRTEIadest i ackey ppessting part wWhichireises sopesens shat thdng forpsevide

Iig ting region to the second |ighting region an

i nHefp aetes e cpqhgtividuabkeypitigates pgpingt st radiedionnr t he

second lighting region. [0007] It is preferable in
f@ogptpfgg’é‘f“ @&nPﬁég@Pw@’ R BEspent dnysptionnaims rtg reravide andisplay

of light of a mav?length regi on corresponding to the

co?R?F‘!é‘F“Isl Wi ARLIPHER! 1 SoRTeStR, MRPmbET R Wiych thess d rediicedhpower

| ess th@n Eg@b_lt IS grefenableh especi ally when the

s e CBRERRHCG RV i2A riommagppropessing fsyinepaevaded i it ligkting functionality,

i ght hat the optical connecting nenber is of a 2

tr%ﬁgﬁﬁﬁgﬁFnWETg?ﬁﬁﬁaﬁﬁﬁ ‘i¥St the transnmittance of

[ight i e wavel ength region from 420 nm- 780 mm

i s%g't‘s gﬁ'éé‘ﬂ@ﬁ%%%@?“‘%er e this condition is

fulfh L if.light is in. the vel ength regi on of )

4olghh, Tt thforielBe slsBIt it igh PP A B Pt Feparding

t ht% the present invention is configured such that between a first lighting region having a
light source and a light guide plate, and a second lighting region, light emitted from an
end surface of the light guide plate is guided to the second lighting region. Because
the optical connecting member operates to guide light, via the light guide plate, from the
light source of the first lighting region to the second lighting region an independent light
source is not required for the second lighting region.
[0007] It is preferable in this optical connecting member, that the transmittance of light
of a wavelength region corresponding to the color illuminating the second lighting
region is not less than 85%. It is preferable, especially when the second lighting

region is illuminated with white light, that the optical connecting member is of a




light that passes with the transmttance of |ight not

| ess than 85% fromthe light source of the first
lighting region. [0008] Further, it is preferable in

the optical connecting nmenber, that the rate of

increase of loss in the 360 bending test with radius

of curvature 2 mmis not nore than 1 dB. That is to

say, even where there are strict usage conditions such
that there is 360 bending for radius of curvature 2

nmm the optical connecting nenber mnimzes |ight

| o4gnspprewnyterjad) siich that thej tangmitthuse aib lightj im thehweavelpbgtic edgion from
connecting nmenber, that the rate of increase of

opf?am -i788 amt i st lpss shonfbler Wieee thispetditianie il ifdight is in
test wwth radius of curvature 5 mmis repeated
10theopprelengte sedion fot20mm-88@ hantht sd®nd Bightigriggiat can utilize the
radi us of curvature 5 mmrepeated 100 tinmes each day
anHelt (rat pessesceifit the tipsgittangesotdight not e thary 856 drony the liglit Source
in testi nlg 100, 000 tines. Even under these conditions

of ofthe fest lighkas fegiorease of optical insertion loss is

not nore than 1 dB. [0010] Further, it is preferable

i n[AOAY dyethesait it prafehls iy theeomtisal, conhestingrenehuber dlat the rate of
damage such as cracks dose not occur in the core after

t hiBeeaisef fost ipdhe, 20 bengingdest with radiusof enrvasure £ nyn isnet o than
2 mmis_repeated 100,000 tinmes. The existence of such
metH8ni Chat is Waspmgaren where dhere prgcikeiet @gage isenditinns swolgtbiat there is
under a magni fying |ens, under a m croscope or wth

t hePlh Sruskipector radius 91 qqrvalie gy the joptigal connedtiog Alsinber minimizes
the optical connecting nunber, that the coefficient

of IB¥ 8% i city using a filmtensile test is 0.05-6 GPa.

[O Again, it is preferable that the optical

coﬁﬁ@t r“%@*ﬂnﬁn*s&mfﬁag‘ednéb? @piral conagting mgmier.atha thy rate of

part the.refractive index of which is | ower than that

of TR ebyrbicy dpsertion jsgatter the grpetitivedpading tost withaadivgrof curvature

pay tmmWI?sI geli])eapcgds 180,&{.09’(?1%5 lrSelIOE[ %%ri: \ﬁ:?ani lngig.x " Bending at a radius of
curvature 5 mm repeated 100 times each day and further continuing this over three years
resuits in testing 100,000 times. Even under these conditions of usage, the increase of
optical insertion loss is not more than 1 dB.
[0010] Further, it is preferable in the optical connecting member, that mechanical
damage such as cracks dose not occur in the core after the repetitive bending test with
radius of curvature 2 mm is repeated 100,000 times. The existence of such mechanical
damage such as cracks can be confirmed under a magnifying lens, under a microscope
or with the naked eye.
[0011] Moreover, it is preferable in the optical connecting number, that the coefficient

of elasticity using a film tensile test is 0.05-6 GPa.

[0012] Again, it is preferable that the optical connecting member has a core part and a




[0013] Further, it is preferable that the relative
refractive index difference of the cladding part and
the core part of the optical connecting nmenber is

1-50% Here, this includes cases in which the optica
connecting nmenber conprises only the core part and

the cladding part is air. [0014] Moreover, it is
preferable that the thickness of the end surface
opposing the |light guide plate of the first |ighting
region of the optical connecting nmenber is 0.01-2 mm

[ o0leddingnpast the refractive ipdexf afvetid¢heis ilowdr eanaluitiof shie core part.  Thus,
connecting nmenber that the exterior of the cladding
patightfiegselnindhanoes nartrwghishi Hapre highg réfaciverinder | t he

optical connecting nenber may use an optical wavegui de
haliigl Furthesy & isaneferabld thatabelirelapivoanefractiv@@adek difference of the
Moreover, the optical connecting nenber may enploy a
cofrlrddiug par avd thyf cogs pastoof e dptipal cpringeting andnitiseis 16Y0%. e Hene, this
tubes arranged in parallel. [0018] Again, the optica

c oS Bdes agps iretyhieh theapticahgsinoseting membér gompitisep pnly fhegbrmasrt and
fiber, plastic fiber or resin tubes laid inside resin.
[Oﬁ@g?dg%gﬁﬁﬁ@ﬁmto sol ve the above described probl ens,
the di spl ay apparatus according to the present

i n{Oht)i Moy iltdis prefergble thet His thiskncsnp! ho wnd surfagg opposing the
menbers as described _above, as well as a first

| i Bt ieHige plats of iheshrat lightingreaign (of §toptep! pengesing member is 0.01-2
first lighting region has a |ight source and a |ight
guf®¥e plate, and the optical connecting nenber guides
Iigﬁisenitled,fron1the end surface of the Ijght guide

pl L Seeelt Saeefrable iinythe pRiral sogpgeting mymber shat thegxterior of the
connecti ng nenber of é@g di spl ay apparat us gui des

Iig ding; HSUPPITHRE 8 ur ce of the first |ighting

KRR NI AL TR
ancoirgga%oa%ggﬁ%mgl Iijagtl'ﬁt source in the
[0017] Moreover, the optical connecting member may employ a configuration of glass
fiber, plastic fiber or resin tubes arranged in parallel.
[0018] Again, the optical connecting member may employ a configuration of glass
fiber, plastic fiber or resin tubes laid inside resin.
[0019] In order to solve the above described problems, the display apparatus according
to the present invention provides any of the optical connecting members as described
above, as well as a first lighting region and a second lighting region, the first lighting
region has a light source and a light guide plate, and the optical connecting member
guides light emitted from the end surface of the light guide plate to the second lighting

region. The optical connecting member of the display apparatus guides light from the

light source of the first lighting region to the second lighting region via a light guide




second lighting region. [0020] In this display

apparatus, the first lighting region and the optica
connecting nenber, and the optical connecting nenber

and the second lighting region are connected by an
adhesi ve agent conprised of resin. [0021] Again, in

the display apparatus the first |ighting region and

the optical connecting nenber, and the optica
connecting nenber and the second lighting region are
connected by a film shaped sticky resinous sheet or by

a vlet| thos shet dispday 4ppO2ARF dbesr sdteequirt he ifidepatdedti light sougce in the
region and the optical connecting nmenber, and the

optecomld lighomgwegibnng nenber and the second |ighting

region are connected by a film shaped sticky resinous
shB®20]orn his displews pppacetust tie dirst niightagy egiontané ske opigalb@nnecting
connected by an adhesive agent conprised of resin.

[ 0G@2@berMamck dhee ppticah cormectohig spember apydathat sesondt hightioptregion are
connecting nenber has a core part and cladding part,
anebnpéngedfbyrag edliesigh tgencompgisarof sesth. t he opti cal

connecting nenber, as well as the optical connecting
melvoer] agdint lie the displdy | apgdratun ghe st dightieg eegion awt thed optical
by being | am nated by a cladding |ayer forned so as to

c osaanectiog membery andgthelofsishlownndeting wember pad the sécond Bghting region
opti cal connecting nenber. [0024] Again, the first

| | iR eonmecteddeyl aoftlmeshapet sdcky pesinons sheetron by @ tesigowsdaiser , and
the optical connecting nenber and the second |ighting

r 034 Haghepctherdiesh dighting| region eidthg optieal nepnactingrmesabteprand the
part. [0025] Further, the second |ighting region has a

| | epvealpgnerstipg memberagnd thp seqopd Highting waion @re; cemegted by a film
first lighting region as well as the opti cal

c o%bﬁ@étﬂlag regiliols phegl g by B eesinpyiere, maregeerthese may pe gqpaected by
second lighting region are forned into an integrated
bothadpssive gens soraprised @bIfs- e, resinous material. 5

[0023] Moreover, in the display apparatus, the optical connecting member has a core
_ part and cladding part, and the first lighting region and the optical connecting member,
as well as the optical connecting member and the second lighting region, are connected
by being laminated by a cladding layer formed so as to cover both above and below the
core part of the optical connecting member.
[0024] Again, the first lighting region and the optical connecting member, and the
optical connecting member and the second lighting region may be mechanically joined
using a connector part.
{0025] Further, the second lighting region has a light guide plate, and the light gnide
plate of the first lighting region as well as the optical connecting member and the light
guide plate of the second lighting region are formed into an integrated body by the same

flexible, resinous material.



[0026] Moreover, it is preferable that the first

lighting region is provided with a closing lid part,
that the second lighting region is provided with a

mai n body, and that the optical connecting nenber and
the closing lid part and the main body are rotatably
connected via a hinge part. Here, "rotatably

connect ed" neans connected so as to be able to fold

and nmechanistically turn, rotating at a point. If at

| east one of the folding action or the turning

r o{@REN MaerebveR it iisS prfessbild iat thet ficatighag sagion o ploeided with a
rotatable. [0027] Again, it is preferable that a

noviekihe lip phit, ths tigr evdnd dighfigy region dngrb gdedad ittom nialmetiody, and that
connects the first lighting region to the closing lid
pakte,optiéut cameaing rhentdpbi dndghe egdinpnlid part 4md thenmaim bbdydare rotatably
and the optical connecting nenber slides with the

cl osina@ed Vid aphirige pamd Hére “rotathbly badigctpdirhcans O8R6dtedTdves to be
di spl ay apparatus according to the present invention
coulblel td fotd andendchanistied Brpinerotdting bt opoiat. f Hlad &hdt @ne of the folding
portabl e tel ephone, a portable tel ephone device such

as aaiononiha ngaing emating ntt@blispassble phande eid tolte rdtataie. a
personal conputer, a twn screen portable gane

maglizre Againaft iepebtabbnthat dingtablermartyis piovideds for eennfiguration that
handwritten input. [0029] That is to say, the display

ap pamadtsithe fiompightse segiorf tb Kistcldsing Hidipay, thesgcand lighting rdgipgto the
a surface light source part having a |ight source and

a Inaghttodgrnd ehepdpait® comncling thermfeer dlides myithtthd clolimgolidipart and the
part that is illumnated by the surface |ight source,
whinzln Hody part.| i ghting region reflects or passes |ight
fromthe |light source, emts light froma first

ou{¥B8Bh grheetisplayomparsiun gotonding taythedpreseptsinydntioh spuldyinclude for
part to illumnate the liquid crystal display part,
andxaaipie thatiof 8 flidgie pdrtable telephoso ridpastable delephgeeedevice such as a
opposi ng the optical connecting nenber; the optica

c o twiasereergpariahip delenhhag orfthe Jikep p ersornah epramiter Aetwin paggen portable
l'ighting region and the second lighting, region

pogin¢ warkinetos apelegironis diptionasy Wik peresd ferhandwrgfen i ¢ t ed
fromthe second end surface of the first |ighting o

r edfi0BR] tThat i o spxcthe displayyanpamatys cergprisss 2 Hrshlighting grgingproviding
l'ighting region having a key operating. part_ connected,K
t o atsuidace jlight SO cg Hpert rlpqua%gih(g t source and a light guide plate, and a liquid

crystal display part that is illuminated by the surface light source, which first lighting
region reflects or passes light from the light source, emits light from a first outgoing
edge opposing the liquid crystal display part to illuminate the liquid crystal display part,
and also emits light from a second end surface opposing the optical connecting member;
the optical connecting member that flexibly connects the first lighting region and the
second lighting region positioned between them, and guides the light emitted from the
second end surface of the first lighting region to the second lighting region; and a

second lighting region having a key operating part connected to the first lighting region




6 via the optical connecting nenber so as to be able
to open and cl ose: such that the display apparatus
could for exanple function as an infornmation

processing device with Ilighting functionality, that
di spl ays image informati on or character information on
the Iliquid crystal display part based on operations

performed using the operating part [0030] It is
preferable that the optical connecting nmenber be of a
resinous material. It is preferable that this
r esianhe sptival esminedting encinber gX sl e gblretocopyn med close: gpubixjiat the
resin, (neta) acrylic resin, polycarbonate,
poldigpiny bpaestus oty dbrhezample denctiqxoasysmtihidrmatiod @roeessing device with
pol yet hersul fone, or again, a derivative of at | east
on#glaing tfinesienalii) @ad HisPlaprismag dhmfematisi oxahsractat iaformtonidn the
is preferable, considering heat resistance
pr byped tiystsl, disphagipatt hasedrat epeiraiondy@sfoamedas oy titei opemainggpaitn
the principal chain, so phenoxy resin is the nost
su{0an) dt isAgefemble dlow shedmptical gotrecting- demben bk of alrediionk angeerial.
and even greater heat resistance properties, epoxy
r e §iin prefggide thal this repumuy nagskhbdfor demapde plienoxgomsin, epoxy resin,
tenperature (25) is nost preferable. Considering
t r bmemi asyliceresibj polysarbdnete npslyarylptee pelyetbatamile,epolpdtieriande or
phenoxy resin and (meta) acrylic resin. Here, (neta)
ac peiyéthersulfond, nr againea derivativemf yf least orgsif theser et hacryl i c
resin. [0032] It is preferable, considering the
pr H98Ht i Avwongf thése axditpub imaperiats oit) dshprefeablen donsiderings hiag gésistance
ability to use a pol yester such as pol yet hyl ene
t epropertitsathat the WREMY! has cirgrmasicying incthe prinsinat ¢haingsocphgpoxy resin
pol yet hyl ene naphthal ate or the |ike, polyolefin such
asis the mpst: $wthkiee Againg emys}slpmpg/thmehmnszon@ linkjge andrpven greater
allcycllc pol yol efin such as Arton (registered
r Besk rratistanse pamﬂ@e)r PROXE tTEBH ) espesiallycenosp fgsie hardened at room
olyan1de yi mde, polyam dom de, polyetherim de,
porey@tsqq@res lﬁf ¥} de mash P;F&Tm s Uk ensidering gRpEpsyTvaability the most
I|qU|d crystal poly sul f one or silicon resin.
[ oprgtspr gn? jals taFF‘ePIE?B?’Wc‘%me @e% foete) pravlicerRtier Hasg (msta) acrylic

resi nous COﬁ'pOSI tion
resin refers to acrylic resin or methacrylic resin.

[0032] It is preferable, considering the properties of flexibility, toughness and
transmissive ability to use a polyester such as polyethylene terephthalate (PET),
polybutylene terephthalate or polyethylene naphthalate or the like, polyolefin such as
polyethylene or polypropylene or the like, an alicyclic polyolefin such as Arton
(registered trademark of JSR Corporation), polycarbonate, polyamide, polyimide,
polyamidomide, polyetherimide, polyethersulfide, polyethersulfone, polyarylate, liquid
crystal polymer, polysulfone or silicon resin.

[0033] Again, the optical connecting member may be a resinous composition

including at least one from among (A} binder polymer, (B) photopolymer compound or



i ncluding at | east one from anong (A) binder polyner,
(B) photopol yner conpound or 7 (C) photopol yner
initiator. [0034] It is preferable that the optical
connecti ng nenber be conprised of a resinous materi al
or resinous conposition that has the transmttance of

light not less than 85% of |ight in wavel ength

regi ons corresponding to the color of illum nation of
the second 1lighting region. Especially when white
light is illumnated in the second lighting region it

I S (Py gtioepalyiner ihftiafor.t he transmittance of light of a

light transm ssive material is not |ess than 85% of

| i gOn34pf It wepretbrablg thas the ropticadl 26hnedting &iniben b dphked of a resinous
Further, the optical connecting nmenber may include at

| easterahe resitebng congpobitiaumhataliae g tafsneinincoO XS lighnhot @M than 85% of
anti-yellowi ng agent, a UV |ight absorbent, a visible

| i diphbt inakeleiptintegions cofraspontipgagehd colar @ff illsininaiicresf, tha second
stabilizing agent or a filler. [0036] Mdreover, the
opligltalg weginme dspevipliyentnar whitey lifta ie ihdgieded bertei Rcdnd lighting
transm ssive spectrum control agent such as a coloring
ageeytonot isgréftrale sk drttrapsnhigiimn of light of arlight trdnemgind meferial is
the transm ssion spectrumin coordination with the

c olnoirless tHan A5 Y aff lighy of whrelepgthofram|4P¢hmiZ8G nmegi on. [ 0037]
Agai n, the optical connecting nenber according to the

pr §¥8hk Hurtbernthe opticalotonnestihy mgmbatasayl ingjinte ag teast togel additom from
the end surface of the light guide plate of the first

| i ginoignep andigkident, p enti-yhllngingiaghnt, a1$B4 lighs rabsdrbantyi aneisibledight
the second lighting region which may be a key

opebsarbieriga grdating @gent.lapldstidizer, o stabilizizwg agembui alidiier.a

function of delivering an anal ogue or digital signal

of [M@BelctMeredver, e pitighlt comnectinignmegbet ewvayt hevepaddad therein a
supply wiring and ground wring. [0038] For exanple,

el EBASAISEF SRECTHm goniiet peeaksush grmtolergagen gr aiflnergscens substance
carryi n% el ectric signals, or power suppg wires as
we i ordes tgypanipltheransmisgipn srisetrym jnecoprlinatien With the golor illuminating

the second lighting region.

[0037] Again, the optical connecting member according to the present invention not
only guides light emitted from the end surface of the light guide plate of the first
lighting region, providing light used for illuminating the second lighting region which
may be a key operating part or the like, it also provides a function of delivering an
analogue or digital signal of electricity or light, and integrates the power supply wiring
and ground wiring.

[0038] For example, electrical wiring such as signal carrying wires for carrying
electric signals, or power supply wires as well as ground wires or the like can be formed
on the surface of an optical connecting member providing functionality for passing light

used for illumination. The method for producing such electrical wiring can be for



on the surface of an optical connecting nmenber
providing functionality for passing |ight used for
illum nation. The nethod for producing such electrica
wiring can be for 8 exanple: a nethod of adhering a
flexible printed wiring substrate to the surface of
such an optical connecting nenber used for
illum nating using an adhesi ve agent; a nethod of
directly formng electrical wiring on the surface of
such an optical connecting nenber used for
i | lexarpeital meghodeo fradiichiogl a @exible printed) wiringaphsiratalto thaw@dict desuch
as an optical connecting nmenber used for illumnating
t han oppabtoneertiag bginberupedfop ilwaniinting Lsist an fdhesitergemye method
a flexible printed wiring substrate a core pattern
confidgeitgloohing elgtitglewutngven therarfgeneisuchami sygicalr aumnetting
| ayers underneath foll owed by core |ayers over the
gr semden wepd fos illunkisating;or mithgd efifoppesan optaadiaveggdideyaran optical
or a nethod of formng an optical connecting nenber
us eehneging membdr vssed rfor divotinagisg ahat ojptoles| a imildgu agheoaoh, first
the like over a filmwith netallic foil attached,
t hé&wmingt per nd rflgxiblee pritted: twifing subsirate ng core pitern wedsisting of a
[0039] Moreover, in addition to directing |ight used
f oEONSEquive areangaspent bayingazdund layers lundermeathsfirilesiddiy cordayerssover
can be fornmed on the optical connecting nenber used
f ofhe groyngrpyses: ithen formingeprabibner dieddingalayar omaaletyd sif dorading an
to be sent as light, thus for exanple, a flexible
opPPtical coppsrting membesausech for filminating rsuchias asu aptical avawéguideer the
optical cannecting nenber used for illumnation, or
0 pH“'c%‘Ff il Fithragtalliq forlattacheds themi natieroing Ahroelectrigabwising on the
gU|d|ng l'ight used for illum nation can be forned
arFﬁ bed abreast inside the optical connecting nenber

&ﬁ or illum nation. Further, both transm ssion

3l dloreqyiih gdditinetor dueetinie lighty weadsfor i leminasias raptieal signal

paths for sending optical signals can be fornmed on
t h SRS PSR | Tegign é"é‘t hdomsdnRy theseticalopomnpqting membeprised for

e&@F‘%ﬁ@‘é’? Iltcg gr’gglg%gitggl r_ean\gp% l_sigliar:a(lo%vsobb% sgi?tsa(s: rlilgikx)t,et%uswfc}r re]:xample, a
flexible optical waveguide can be formed on the surface of the optical connecting
member used for illumination, or optical wiring for signal transmission and regions for
guiding light used for illumination can be formed arranged abreast inside the optical
connecting member used for illumination. Further, both transmission paths for sending
electrical signals and transmission paths for sending optical signals can be formed on
the optical connecting member used for illtmination.

{0040] A single example will now be described with reference to Fig. 1(a). Fig, 1(a)
is a cross sectional drawing showing the formation of electrical wiring such as ground
wiring, or power supply wiring or wiring for delivering electrical signals on the surface

of an optical connecting member 100 that provides a function for passing light used for




IS a cross sectional draw ng showi ng the formation of

el ectrical wiring such as ground wring, or power

supply wiring or wiring for delivering electrical

signals on the surface of an optical connecting

menber 100 that provides a function for passing |ight

used for 9 illumnation. The part for delivering

light used for illumnation has the configuration of

the optical wavegui de 101 conprised of a core 10la

t hrough which 1ight passes and cl adding 101b covering

t hiluimaon. | ThEpat fot deljvetiigelight @sddr foc Blumwiatiomigas plzer ¢onfiguration

configured having a flexible printed wiring substrate

106F thdlbyeicsldvaviguiden 0d dhmapiiseéd ofigemte 1003thtougl which Sigirt fpagses and

of the optical wavegui de 101 t hrough which the

i | dladdingalidl b goverigi thepass e Fig0N4)ihe Elegtricd! bvigkppust ia configured

configuration in which an optical wavegui de 104 for

d eltaiving rai flegibleqptntadabirisg gubattase 102 aitidred wid apndhekive sgent H3do the

of an optical connecting nenber 100 that provides

f usnethdeant eleioptical epvegaide Y0 Inrouplywhicl the diliminating light passes.

illum nation. The optical waveguide 104 for carrying

opioD41d!| Figi tinshows h sordigniptiorsieovhith aa optisabwaGguide Hidogdelivering

whi ch Iight passes and cladding 104b covering the

c ovptical [ QIR |is Bilipred1¢redhe shdaws of anovrticjuroandctvg mambgri 9 that

an optical electrical conposite substrate providing

boprbvides foptivudity fvavegingdight e«d fiarillerainatisnn g Tespantiead waveguide

signals and electrical wiring 102 like a flexible

pr 10dtfexicayymg mgticaliHgtalssis eorhraiﬁbd% of yewe hefanhrpegh whidykght passes

supply wires and signal wires for delivering

el andtcladding 1@dbgnedring khe caxther ed over the surface of an

opti cal connecting nenber 100 providing functionality

f ol00€Ar Figi ride)l shgis a cendigumdon jn Mibishner optical plogrigyl qopiposite

is al so suitable, that instead of adhering an opti cal

wesrbgtatedproviding Hsths i pptical wavegnide 18t sarviusnertical; signals and

menber used for illum nation using an adhesive agent,

t hedectricakwiring 303 Jilep afleaibdy printrd vaiting et having sgypd Wips, power

connecting nmenber to faorman optical _ waveguide for

optpRla| wisgs and| signah wass o dphiveringgleciingl gigngly ."Ss?d(i‘f"'ea AV the

over the surface of . L L D
surface of an optical connecting member 100 providing functionality for carrying light

used for illumination.

[0043] It is also suitable, that instead of adhering an optical waveguide to the surface
of the optical connecting member used for illumination using an adhesive agent, there is
a buildup over the surface of the optical connecting member to form an optical
waveguide for optical signal transmission, realized by first forming over the surface of
the optical connecting member a core pattern consisting of a consecutive arrangement
having ground layers underneath followed by core layers over the ground layers, and
then adhering a flexible printed wiring substrate over the optical waveguide using an

adhesive agent. Further, it is possible to form a consecutive buildup of optical
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the optical connecting nmenber a core pattern

consi sting of a consecutive arrangenent having ground

| ayers underneath foll owed by core | ayers over the
ground | ayers, and then adhering a flexible printed

Wi ring substrate over the optical wavegui de using an
adhesive agent. Further, it is possible to forma
consecutive buil dup of optical 10 wavegui des for

optical transm ssion and optical wavegui des for
illumnation over a film with netallic foil attached

t heavqgaidtebnoptigaltthssnibsintitani o plicalw Hvepgdearfort ilemiigtical over a film
[0044] Fig. 1(d) shows an exanple in which optica

Wi wiith gnefatlic fsil sptrahedtticapatarsiag e eRtigical fvexGrigonshd Metal.

guiding light used for illumnnation are forned

ar feangje Figh (& alstwsian skaaiepld inevhicipticd iR feedidangarsmiEkies and
100 used for illumnation, and then a flexible printed

Wi rdgivgs fos (goilingdight 142 fdnsﬂlﬂnﬂmhﬂuﬁdaré ieted uesinged Breast inside the
opti cal wavegui de core 101lc used for sending optica

Si gpthlscoheecfigy matbea i 6(anegd tbr dhmawsion,\ind theh b dlegipleipeifed wiring
wavegui de core 10la for illumnation in the cladding
104ibstrdt® 0025} apridied theteheerwi THeloptfal taeegulde voferi@l ¢ wed for sending
opti cal connecting core 10la and the width of the
opbpical signalynialforined nerangsd iabreast ovith thé bptimh watrguidb eosaltda for
or different, while the height of these al so, naybe

t hidlupanBomnin tigi dddding 101lb. The si ze of the cores maybe
altered 1in accordance with the respective function.

Ef [08¢3]s Hefe, theevidth wetht iilbymifi04 6pticihepndécsipg enre APlacand theswidth
enpl oyi ng the optical connecting nenber related to the
pr efsthe opiical; signal ransmessionzese HYd umaycbeptbeverme ondiffenont, eihile the
and cost reductions. Brief Description of the Draw ngs

[ Olgdghy ofthepe also,gheybs the seme gxdiferenti oFhexfizeaf thgpbies mhy be altered
connecting nmenmber; Fig. 2 is an external perspective

vi Bvcesrdanceyuith thpesperiavedipetioe t hat utilizes the

present invention;
Effects of the Invention

[0046] The display apparatus employing the optical connecting member related to the

present invention realizes reduced power consumption and cost reductions.

Brief Description of the Drawings
[0047] Fig. | shows a cross-section of an optical connecting member;
Fig. 2 is an external perspective view of a portable telephone that utilizes the
present invention,
Fig. 3 is a side view of the display part shown in Fig. 2;
Fig. 4 is a plan view of the display part side, light guide plate shown in Fig. 3;
Fig. 5 is a side view showing the condition in which the display part side, light

guide plate and key operating part side, light guide plate are connected via an optical
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Fig. 3 is a side view of the display part shown in

Fig. 2, Fig. 4 is a plan view of the display part

side, light guide plate shown in Fig. 3; Fig. 5is a
side view showi ng the condition in which the display

part side, light guide plate and key operating part
side, light guide plate are connected via an opti cal

11 connecting nenber; Fig. 6 is a cross-sectional view
of the optical connecting nenber; Fig. 7 shows the
process for producing the flexible optical connecting

e mxeesting legnbel shows a first specific exanple in

which the first lighting region and the second

| i ght i ndFig.égs atrossrsectooalngmt edheapticdl bennoing e@imber;
connecting nenber; Fig. 9 shows a second specific

exanpl e Hig 7whovwettht precdss fos proldudy thefiexitde opinalanthectitganember;
second lighting region are connected via the optical
connect ilng 8mbobes firsFrmgcifit @xaipdes vehitththe dirss figlging iregion and the
exanple in which the first lighting region and the
secwmnutl lightjhg fepign pegborctad gia dernpsci eshnedtiag tdembapt i cal
connecting nmenber; Fig. 11 shows a fourth specific

exanpl e higy Ydhpeha tsévend ppesific lekapiqtld imgwhietgihe firsa hightinghegion and
second lighting region are connected via the optical

c oHweesond hightpgrirgion afé @nnetd shdkwopticd] icbrnact g ewnfbes

exanple in which the first lighting region and the
second |Figyhe shegrsadlfidapecifiecxomplede whigh thedirst fightingtrégicn and the
connecting nenber; Fig. 13 Fig. 13(a) and 13b are

cr epsenddightipgnegion ate gomneettd vinheaptical cannguting membe;  keys

are located in the key operati ng? part, and Fig. 13(c)
shows t Hig- |11 ghﬁWSg&Jfouréﬁ/ pricgifie exaspple mrehighnthe fissh dightingregion and
Fi%.§ 13b; Fig. 14 is an external perspective view of a
peths sesand ightipg tegion grei conrgeied viadhayiptiesd coroecting mepber;

present invention; Fig. 15 is an external ﬁerspecti ve

vi ew of Fig. dphowsedidispeséfic expnple inewiiph the dirst lighting region and the

second lighting region are connected via the optical connecting member;

Fig. 13 Fig. 13(a) and 13b are cross-sectional views of the area in which the
keys are located in the key operating part, and Fig. 13(c) shows the light guide plate for
the case shown in Fig. 13b;

Fig. 14 is an external perspective view of a personal computer suited to
application of the present invention;

Fig. 15 is an external perspective view of a twin screen portable telephone
suited to application of the present invention,

Fig. 16 is an external perspective view of a twin screen portable game machine
suited to application of the present invention; and

Fig. 17 is an external perspective view of a handwritten input screen electronic

dictionary suited to application of the present invention.
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suited to application of the present invention; Fig.
16 is an external perspective view of a twn screen
portabl e gane machine suited to application of the
present invention; and Fig. 17 is an external
perspective view of a handwitten input screen
electronic dictionary suited to application of the
present invention. 12 Brief Description of the

Ref erence Synbols [0048] 1 Portable tel ephone 2 Key
operating part 3 Surface 4 Main body 5 Hinge part 6
Closing lid part 8 Display part Best Mde for
Carrying Qut the Invention [0049] The best nodes for

c aBrigfi eycriptiont df ¢hd Refahde@ymibiolss now be described with
reference to the drawings. [0050] Fig. 2 is an
exioe4fiall per shoeetle wekepkorew of a portabl e tel ephone that
utilizes the present invention. This portable

t el ephode deWayepdraiig partf ol di ng type and provides a
mai n body 4 further providing a surface 3 having a key
operati Ag parSurfZecet hat is the second |ighting region.
A closing Iid part 6 is connected via a hinge part 5
so as té be Mdhbodyo open and cl ose over the main body
4. That is to say, the main body 4 and closing lid
part 6 are cdhmegeed via the hinge part 5 so as to be

able to rotate. The allowable angle of rotation nay
be withfn a Clsge lidpern 0- 180, or nore preferably

8 Display part

Best Mode for Carrying Out the Invention

[0049] The best modes for carrying out the invention will now be described with
reference to the drawings.

[0050] Fig. 2 is an external perspective view of a portable telephone that utilizes the
present invention. This portable telephone device 1 is a folding type and provides a
main body 4 further providing a surface 3 having a key operating part 2 that is the
second lighting region. A closing lid part 6 is connected via a hinge part 5 so as to be
able to open and close over the main body 4. That is to say, the main body 4 and
closing lid part 6 are connected via the hinge part 5 so as to be able to rotate. The
allowable angle of rotation may be within a range from 0-180°, or more preferably
0-360°. The surface 7 of the closing lid part 6 which forms the surface opposing the
key operating part 2 is provided with a display part 8 that is the first lighting region.
The display part 8 displays character or image information in response to operation of

the key operating part 2 of the main body 4. For example, the display part 8 can
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0-360. The surface 7 of the closing lid part 6 which

fornms the surface opposing the key operating part 2

is provided with a display part 8 that is the first

lighting region. The display part 8 displays

character or image information in response to

operation of the key operating part 2 of the main

body 4. For exanple, the display part 8 can 13

di spl ay tel ephone nunbers or previously taken inages.

[0051] The main body 4 has the key operating part

2 cdisflayi tslephoné ndmird birgpkdviopsl@ takieeinmgesand a m cr ophone 9

formed in the surface 3. Further, the main body 4 has

hoj@eeld Thenamialdly W, hasmthetkey opdiating part EEbesbdof 4 pleralityke keys

a control part such as a CPU, and signal processing

padriisa picdaibdhang fovinee lie e durfaeet 3.0 Farthsrdtht maairs hadys4 bk housed

functions or the 1like. A special characteristic of

t hiaterrailyy thauohry 4udhsast BEEPRSN \oir Sheolikept cohtenl lpety soghedsat CAY, and

part side, light guide plate that guides light emtted

f r Ognabipetestiag parks rintidisg wireksofunttives awd BaismEsibn dinpaons of the

descri bed subsequently, for illum nating the key

oplékeat Arsgeqid char@:terisfihef thenampedp#iinte peovisioniodéhe Hey gptrating

gui de plate can be sinply of a light reflecting

negaetr Sidel, lighg lguhle it ihbt gades dighti emitt¢dOH@R ] shrfacadight soorretod the

the display part 8 on the surface 7 side, the closing

| i dosirggr kid @art (9r devirthed supepikenths fdr0illufineting thplkay opernting8part 2.

conprises a surface |ight source and a liquid crystal

di Bysikey opraatingiphit sicke, highteghidsyplatdrean b simpdseof]ai light reflesting material

The liquid crystal display part is provided with a

sutlessilicogrsmsource within the closing lid part. The

surface 1ight source has a |ight source such as for

exAR] e Imadgitioneo |thegdisplaygpartEDon ks surfddesphidss thepelpsing lid part 6

l'ight guide plate, that reflects or passes incom ng o

| i Ryprideatspgakers 4Pt The disnlayipart £ comprises 8 surfaghlight senreseand pdiquid

illTumnate the liquid crystal display part. The _

surystad display pert illyminated byribe sur@es bght papseea) Thit lignidagrygsalrdisplay

w || be described in detail subsequently. [0053]

VoteEd eFovided (Wikbemsurfage Mt sowser)yithin dheyclosieg HY part.n gihejsyrface

part 6 a flexible optical o _
light source has a light source such as for example a white lighting LED and a display

part side, light guide plate, that reflects or passes incoming light when light is input
from this light source, to illuminate the liquid crystal display part. The surface light
source and liquid crystal display part will be described in detail subsequently.

[0053] Moreover, between the main body 4 and the closing lid part 6 a flexible optical
waveguide is provided that flexibly connects the display part side, light guide plate and
the key operating part side, light guide plate and operates as an optical connecting
member guiding light emitted from the light source to the key operating part side, light
guide plate. The flexible optical waveguide passes partly within the hinge part 5 that

rotatably connects the main body 4 and the closing lid part 6.
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wavegui de is provided that flexibly connects the

di splay part side, |ight guide plate and the key
operating part side, |light guide plate and operates as
an optical connecting nenber guiding |light emtted
fromthe light source to the key operating part side,
light guide plate. The flexible optical wavegui de
passes partly within the hinge part 5 that rotatably
connects the main body 4 and the closing lid part 6.

14 [0054] Fig. 3 is a side view of the display part 8

t hpito54]s Fighe if & kidd vikw Qfitherigsplag Pa 18 that kahe fidst Bihting e3idnNOThe
region has a light source and a |ight guide plate and

f ofirseKgtipp eegitmyhabe lightodaliics Whid sl light gieis pldtbad Bbensdiple may be
such that the display part 8 has a plain |ight source
11conlfiguedigs destritghtabseUick than thealispiag Iphrt GLHasle pRlialight atidce 11
aliquid crystal display part 12 that is illum nated
byhavitg flight soukdegind adight' adelplate iea fidad erybthigidplasQuitae that is
11 is conprised for exanple of a white Iight LED 13

t hlimémtet! Hyl theg phindightvamedecttgt The RO 17HO souimde 11i §bmprised for
gui de plate of a display part side 14 which receives
whextasplei aftut whiteolight REDM tiat bmightight lOEBraldengtla 420-7801Ghm, light
surface 14a, a reflecting plate 15 and a | um nance
enpadecae nf a ddptgtpattGideTHewhikly bdceiges wkiteplight &roaf tha white light
di splay part side 14, the reflecting plate 15 and the

| ubEBRdAdces embahoefyentdass haefleclifg ahte 5t adke thintm@co entan@ment
of the other, conprising the plain light source 11. A
di sheetdiby eTHei light grede fiate af a disd@chatetded dthe refledting ptategli atké the
plate 14 and the | um nance enhancenent sheet 16.
Fulumirance ¢nhanckmerit ishast ¢6 erchearkehenst on ©h o€ thel@harpopnpsising the
not one sheet but two sheets stacked. An exanpl e of

t hidaih lighttsosweii be A diffugoufitn ey be wininged betwgten thlizht aitle plate
emts visible light of wavel engths 380-780 mm. [ 0055]
Thi# prdgthe leppinsnee pnbancemdnt shett dp| afuribers thesiuoiénatiet trdigncement
the end surface 14a that is an end surface part into
whihedt 16 img¥ psefnop pnersheet biitgivp shegtsrstackednt An sxantplieof the light source
reflecting surface 14b that either reflects or g)asses

i nSoieiidde pindite light LEP thyy emits visihle lightpf sar¢lensths B30 78%nm.
first outgoing surface 14c that emts |ight input

f rl8As h&hekght guide plete of a display pareside) Idhagithe endssusface 14a that is an

end surface part into which light from the light source enters, the reflecting surface 14b
that either reflects or passes incoming light entering via the end surface 14a, a first
outgoing surface 14¢ that emits light input from the end surface 14a to the liquid crystal
display part 12 side and a second outgoing surface 14d that emits the incoming light to
the optical connecting member 17. The second outgoing surface 14d is disposed at the
opposing side in relation to the end surface 14a.

[0056] The reflecting plate 15 is disposed at the reflecting surface 14b side of the light
guide plate 14, and reflects light passing the reflecting surface 14b returning it to the

display part side, light guide plate. The reflecting plate 15 may be formed by using the

15




di splay part 12 side and a second outgoi ng surface 14d
that emts the incomng light to the optica

connecting nmenber 17. The second out goi ng surface 14d

is disposed at the opposing side in relation to the

end surface 14a. [0056] The reflecting plate 15 is

di sposed at the reflecting surface 14b side of the

light qguide plate 14, and reflects |ight passing the
reflecting surface 14b returning it to the display

part side, light guide plate. The reflecting plate 15
mayacten Eapomdobmettisd orgsptite meflbd vaappiyna glusp atcallicohin film such
nmet hod or sputter nethod to apply a glossy netallic

t hasrsilfdr loralsmim @ shedikke wedr tlor suethaswif mplast@rfilintfer dxadgleover
the surface of a plastic filmfor exanple. [0057] The

| ufpsENTle lenhaneenmitemdne gicet 116 is & filn fiaving ahaiviopgsng micro Jens,
mcroprism mcro lens, diffraction lattice or

hodiffgcdom latticd tichdlagkem omthel likejaod functiont ® foasuighi ¢nglitd from the
emtted fromthe |ight guide plate of a display part

Si kight gvidé plate bfa displactartericdf i the diréctjon off the picdrytaicell 19.
19. [0058] The liquid crystal display part 12

colfpFd]s dse diqhid ghistap display pamhd 2 pompesed 8 light polandimg plate 18 into
i ght passing via the focusing lens 16 enters and

| i whicllight pedsmk veaethé fot@singnibs Mixingks anllilighitl cpasbceatigh Svinta which
the light polarizing plate 18 enters. The liquid

cr gt phssingl via 1@ light polriping plte bF ehterqui Bhecliquad afystal cell 19 is
inserted between two transparent substrates. A

di foimpsisedeof liguidnarystals ineeril dpiosend twrctranemrent h@sﬁatws Ardffusive
lens 16 and the light polarizing plate 18. 0059J

Fi §lm may be disppted ihetpicemihe foctdieg ldhss§lang thedieht polagiging platghis.
guide plate 14. The light quide plate of a display
palfP5Hi Hig. 44s hpkn aiesutfdbadispian payt vides lightuidgmlate “he light
having a substantially rectangul ar shaped first

ougtidsi plafe nfiref disrdayimast sidel 14 s a cstbsingtiallyr regtlgegiag dorm, having a
opposing the first outgoing surface 14c. The materi al

f r ohstedtipldn ractaagulargheped fird oo surfese Idc apd mflggtinggueface 14d
side 14 is made should be a transparent materi al
haRAPAEnE:the st puiering yusfeelde; \ Ehe mgjerial frgmorhighcthe light guide plate
exanpl e poly nethYInEthacryIate pol yol efin or

potiyc dismionedresids 14 frempdesbiould be o paosparcat mapfsrialshaying a constant

illustrative and not restrictive, and any
refractive index, such as for example polymethylmethacrylate, polyolefin or

polycarbonate or the like, but these examples are illustrative and not restrictive, and any
thermoresin, thermal hardened resin or optical hardened resin is satisfactory.

[0060] The end surface 14a of the light guide plate 14 is substantially orthogonal to
the first outgoing surface 14c and the reflecting surface 14b. The plurality of white
light LED (light source) 13 are arranged linearly at substantially constant intervals
opposing the end surface 14a. Light emitted from these light source 13 enters the light
guide plate of a display part side 14 via the end surface 14a. The first outgoing surface

14c has a substantially planar form.
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thernoresin, thermal hardened resin or optical

hardened resin is satisfactory. [0060] The end surface
1l4a of the light guide plate 14 is substantially
orthogonal to the first outgoing surface 14c and the
reflecting surface 14b. The plurality of white 1ight
LED (light source) 13 are arranged linearly at
substantially constant intervals opposing the end
surface 14a. Light emitted fromthese |light source 13
enters the light guide plate of a display part side
14[006H (The lightdouida rflae @4tld aubstdndalfyi Fagdlle DIdttOFiMQow ghitgpaeface
1l4c has a substantially planar form 16 [0061] The

| i tfatofchel gt plidetpdatd Abardss foumdned kavingal phytalig bdefl&dting grobis 20,
first outgoing surface 14c of the |light guide plate
14Thkraael rdflectingrgmmcled 20/ hva Jorgnef linl b aliredtipn @iibstaafidlgqiatatigl or circular
grooves 20. These reflecting grooves 20 are formed in

a gt sleptd mnelstidngd dretend bibrface ddaahidatin esntiduslyl fisin tha el surface
shaped in relation to the end surface 14a, and run

C oH¥ai taubel sdgjonfat olm ¢ddefacnolf thelobpasite sild af tle dndesurfe@i .  The
at the end face of the opposite side of the end

s uerbssesectibdal . forfin ef thesecosfeciog tzrcomed 20 Gragymometrilvdsand the surfaces
reflecting grooves 20 is asymmetrical, and the

s umflaee $oward the iend surfaoe\ddacksidelimve a oviden wfidth ehat 4lze ssifales inclined
have a wider width than the surfaces inclined toward

t hiewadplrsirpesigisie obthe ehtey minfacey  $nstchdofthe taflsdtmp groofestXeit is
reflecting grooves 20, it is also suitable to have
doalsopsutitelde e hiver dat dhatierng Foemeds bh dlot feflgetmp rshioe 184D . These dot
These dot patterns can be of a printed reflective
mepatieing carobe ¢fre pringad rafléctive wetedal\oe ap dmprinting genvave cpieex form.
si ze, arrangenent and concave-convex form of the dot
patheepips arrAna¢mapnh eind ceoneavedcenvgx tforme nefbthe dati faiems should be
em ssion of light fromthe reflecting surface 14b.

[ otpepingthto anplje enifpern gwission pElight fromitkereBgstingasurfaey 1hr t

side will now be described. The |ight guide plate of

a [RB621 o pbe kight guidpplete of pdiey eseating patt side gfgll ofev bg deiseribed.  The
emtted fromthe second outgoing surface 14d of the

li l@glﬁ g@gﬁ H]éterﬂf atkey operating 251 sg:ip qpsfatesde @uidq light ¢mitted from the
i1lum nate the key operating part 2. In the same
nelSPreE Qréeoingpsuriaee \l\ﬁkf Bf thes light tguidg plpte of a display part side 14 to

illuminate the key operating part 2. In the same manner as applies with respect to the
light guide plate of a display part side 14, the material for the light guide plate of a key
operating part side should be a transparent material having a constant refractive index.
This could be for example polymethylmethacrylate, polyolefin or polycarbonate or the
like, but these examples are illustrative and not restrictive.

[0063] Fig. 5 is a cross-sectional view showing the condition in which the light guide
plate 14 of the first lighting region and the light guide plate of a key operating part side
21 of the second lighting region are connected by the optical connecting member 17.

The optical connecting member 17 is a connecting member that flexibly connects the

17




l'ight guide plate of a display part side 14, the

material for the light guide plate of a key operating
part side should be a transparent material having a
constant refractive index. This could be for exanple

pol ynet hyl met hacryl ate, pol yol efmor pol ycarbonate or
the |I|ike, but these exanples are illustrative and not
restrictive. [0063] Fig. 5 is a cross-sectional view
showi ng the condition in which the light guide plate

14 of the first lighting region and the |Iight guide

pl tendofutgmingayrfep e4dib i tholightpiidsplate 14 2 1B 1idHh puideHNRdr a key
lighting region are connected by the optica

c opreerting payt sideTdie andl Fuides Tight faph tHedighCHBRE TS EMGteIRERBE second
17 is a connecting nmenber that flexibly connects the
170wgomnshracd Gl tagehs lightagadelglste off at % dpe@liig Patt 6i@e 21. The
plate 14 and the light guide plate of a key operating
pagpticsicdenc2ing medbey Ui7die highlyoliradtivenhchth@sibtiu@hind S@HpERNt. It
13 emtted via the second outgoing surface 14d to the

| i mpstes Gjght abé wpleddngthe #2657 30ayin @paitBd lighl sqiRdel 13%dnd Qlsa lvisilb Gght
opti cal connecting nmenber 17 is highly refractive,

heddt wavelshgghadR0-280chn. r aite paptieah condettingpaasies 171 igBbmpYised of a
wavel engt hs 420-750 nmfromthe |ight source 13 and

al teamspaydng irfplegall thghitas tief travamptasregifiphB B8 - 1968 Ahanng 597 BE light of
opti cal connecting nmenber 17 is conprised of a

t reavsiongthand20rren-@80 rah irtchming Hiesn thi dightr guidemildté 41 C eAcobrdingly, if
light not |less than 85% of |ight of wavel engths 420
nrine7 Beht g fi wredlengtly 420 om- T80eml, itigphecaydilighting] ragien dah utilize light
Accordingly, if the light is of wavel engths 420

nrifopgthe dight sohrce oftbo fikt lighying repipnrthayipessesodue taithid tranemittance of
light fromthe |ight source of the first lighting

r dghior nptlags thaad8%s due to this transmittance of |ight

of not |ess than 85% [0064] This kind of optica

c dPHdL t Thig kind o epticel canapcting neeorbet | Ucaneek topstarctesrigi avgnging
gl ass fibers, plastic fibers or resin tubes

siedpes AYers jndpstic glPeffmr tegiy tubgs pitleaby-side, for b layinggllmtis fibers, glass
fibers or resin tubes buried in resin. A concrete

d 0BT G5t Tedip thltes thyeied dhFesigur At paveretef ddsripiion of the configuration

follows.

[0065] The optical connecting member 17 should preferably be of a resinous
composition or resinous material that passes not less than 85% of light of wavelength
regions corresponding to the color of light illuminating the second lighting region.
When the second lighting region is illuminated with white light, it is preferable that this
resinous material has the transmittance of light not less than 85% in relation to light of
wavelengths 420 nm-780 nm.

[0066] The optical connecting member 17 should preferably be comprised of a
resinous material, for example phenoxy resin, epoxy resin, (meta) acrylic resin,

polycarbonate, polyarylate, polyamide, polyimide, or polyethersulfone, or a derivative
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[ 0065] The optical connecting nmenber 17 shoul d
preferably be of a resinous conposition or resinous

mat eri al that passes not |ess than 85% of |ight of

wavel ength regions corresponding to the col or of

light illumnating the second lighting region. Wen

the second lighting region is illumnated with white
light, it is preferable that this resinous naterial

has the transmttance of light not I ess than 85%in
relation to Iight of wavelengths 420 nm 780 ri m

[ 06BB¢seThe optical connecting nenber 17 shoul d
preferably be conprised of a resinous material, for
exEipTle Aviveg dhase ressions neyoily it &Sproferablep ténsidatngy hda€ resistance
resin, polycarbonate, polyarylate, polyam de,
pobrpperiigethatche patkryed himemsidrfiatin eing Or thaprileipaMaihiny € phdx9tesin
these. [0067] Anpbng these resinous materials it is
prisfibe mbiteuitabdmsiAgen) ngsidedatg thesidihanionl lpkapeint ice&, greater
that the material has an aromatic ring in the

pr heat irgséstanceh grapertis qpoen ovsin, ra@pécinlly | oty @esirD $hrdened at room
suitabl e. Again, considering three-dinensional |inkage
anigmpsratnreq (253) ésr mobte piteferabii s tGumgidering op@asiissise abiioX yhe most
resin, especially epoxy resin hardened at room

t eprplerred meteriglo e phenagygtsipraf Gnad)l @ryliCoesi. d @leid) gmeta) acrylic
transm ssive ability the nost preferred nmaterials are
phiesipsefers togicrylieredinonpietiperglirgine resin. Here, (neta)
acrglic resin refers to acrylic resin or nmethacrylic

r 480481 Cowssiringdn praperticnefl Aehbility, opphtdseadafansmissive ability the
flexibility, toughness and transm ssive ability the
nefeateriah psed sard bopdlrsisesush byradvethylene tehephibalpte (BEDhydgeylene
terepht hal ate (PET), polybutylene terephthal ate or
pdrsgelithalateerapolisiivienanaphthalate or ths Hkekwlyoldh yedhes polysthyléne or
as pol yet hyl ene _or pol ypropylene or the |ike, an

al ReBPEIPylens e theoliker plisyidis pagolqﬁn envh s Ao fregisseted trademark of
trademark of JSR Corporation), polycarbonate,
pdPfaniaworaonyi raodsarbpritsy anpelamide, peipimjds; hepolyamidomide,
pol e@hersulfide, pol yet hersul f one, pol yaryl ate,

i paﬁﬂﬁ engtp&lyeB@;syﬁgﬁ,’polyethersulfone, polyarylate, liquid crystal polymer,

polysulfone or silicon resin.

[0069] Further, the optical connecting member 17 may be a resinous composition
including at least one from among (A) binder polymer, (B) photopolymer compound or
(C) photopolymer initiator. ~Additionally, the optical connecting member 17 may, as
necessary, include at least one additive from among an antioxidant, an anti-yellowing
agent, a UV light absorbent, a visible light absorbent, a coloring agent, a plasticizer, a
stabilizing agent, a filler or a transmissive spectrum control agent.

[0070] Further, Fig. 5 shows the configuration in which the optical connecting member
17 and the display part side, light guide plate 14 of the first lighting region, and the

optical connecting member 17 and the key operating part side, light guide plate 21 of
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pol ysul fone or silicon resin. [0069] Further, the

optical connecting nenber 17 may be a resinous
conposition including at |east one fromanong (A)

bi nder pol yner, (B) photopol yner conpound or (C)

phot opol yner initiator. Additionally, the optica
connecting nenber 17 may, as necessary, include at

| east one additive fromanong an anti oxi dant, an
anti-yellowng agent, a UV Iight absorbent, a visible

l'i ght absorbent, a coloring agent, a plasticizer, a

st 8Riskdoad Nght@gSBion &relcbiuletted 8Y af 2l q%e?@ bY GorREd bF in.
control agent.” [0070] Further, Fig. 5 shows the
CONfohOfé A kleQlght Sou¥¥di 18 entcRehO REHt GRlde PRANEL tid O8iBEFDR the first
17 and the display part side, light guide plate 14 of

t heuthdifigSfurfabed Mol 438 ihBRhAE theNGuill RE/staPBik15PbarC CIRRE sl dddited
menber 17 and the key operating part side, |ight guide

pl 6@ tBd sQbnd bebife s@eeNdd!th ahd bpstal 64NN Bember 17. The
connected by an adhesive agent 22 conprised of resin.

Li gpticall doRiBctiembrhBdit1 7SR e IRhe k@ ng HdAE el Aty sEiHcE87a to
plate 14, is emtted fromthe first —outgoing surface

14gnmmpeteithd keopaties phie. | i quid crystal display part
12, and is emtted fromthe second outgoing surface

14motQ tAla&)r@iﬁ%Tl%Ctﬁé p&reBREEkpHME: TR andots withQisin® MzhtCRém the

connecting nmenmber 17 guides the Iight entering from
t higghe Bdurde ButofiB@Bindté ahel Qquid rbdddTi dpla® paRl 2K 3P BHedtaind Gight
part 2. [0071] Accordingly, the portable tel ephone 1

Si fieth tRNRRUSWsE | Ntolhinigatk thdRladdih@@yérize. | i ght source
13 to illumnate the liquid crystal display part 12,

c o0 e Thirds 8041, the @ptical EdnAedting enelnbel7 MmOdi€ pertabR felephone 1
illumnate the cladding |ayer 24. [0072] That is to

S aguidetk light diphd talight saunecifithrdiriteighteie rdgion via b fightRafde platedo the
tel ephone 1 guides light fromthe |light source of the
f i sesdnd|lightidg regjo, elyisale sebanddightinghvegion deke npl @ip@ret 2a ibdependent
second lighting region, thus the second |ighting
r elggho spudwesccordinglyetel portablentelepidap & mebivds reducghpovs trsanption
accordingly, the portable telephone 1 realizes reduced
poane cost crdeetivps. i on
[0073] Fig. 6 is a cross-sectional view of the optical connecting member 17. The
optical connecting member 17 is a flexible optical waveguide that comprises a core 23
comprised of resin forming a core layer that has a high refractive index and a cladding
layer 24 comprised of resin used for forming cladding that has a low refractive index.
The cladding layer is protected by a cover film 25.
{0074] The core 23 is formed by irradiating the core layer comprised of core layer
forming resin via a negative mask pattern with excited light rays irradiated in image
form, then applying developing processes to form a pattern. The cover film 25 can be

arranged on either side of the cladding layer 24. By applying the cover film 25 the

flexibility and toughness of the cover film 25 is added to the optical connecting member
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and cost reductions. [0073] Fig. 6 is a
cross-sectional view of the optical connecting nenber
17. The optical connecting nmenber 17 is a flexible
opti cal wavegui de that conprises a core 23 conprised
of resin formng a core layer that has a high
refractive index and a cladding [|ayer 24 conprised of
resin used for form ng cladding that has a | ow
refractive index. The cladding |layer is protected by
a cover film25. [0074] The core 23 is fornmed by

| 11 Adifmkhdd ad BR GRER JA¥AldCRNBYSI s%?c@{n(ﬂ;le CPERLNANRS damage it

formng resin via a negative mask pattern with excite

i gldbme@dkSicl hhagiiated in image form then applying

devel opi ng processes to forma pattern. The cover film
25[0085] 1. 2dhb@D aR%prokseiok Bﬁdu%%j& fRkibleNpricd digile. Here,
| ayer 24. By applying the cover tilm25 the

fl exichidihd ¥ fanidd bpyBRRESSIdRI; 24b ﬁn@ﬁl@berfciahﬂﬁl% D4, S At step (a),
added to the optical connecting nenber 20 17.

Fute Newer addidpe24lsi BahedVANEEN SlBstibe R8T oS hafRbhg/RArening
to soiling and danage it becones easier to handle.

[ OR%Bdsufei Ghd tierMRIOMBIiEaREN)YrOESES S NeR! ai(by théCdoRDfiBn is laminated,
flexible optical waveguide. Here, the cladding is

f oformRfhg @fe cdrd RYEN3CI Aﬁ@?,m& AR ds eposd ReTight haddédddpattern
24u. At step (a), the lower cladding 24d is forned

oVikskl h&hs biys 12Bak ormed Berd tHeadBvElagrhdhe pRaése eNhpplied at step (d).
(exposure and thermal application) process. Next, at

( bThénhe (&) Ahecugper ¢Rddsng| 2a0TiIaMEAed widr filink@d hikderRAs6 as to cover
| ayer 23. At (c), the core layer is exposed to |ight

Vi the @ore QB ehefrby t@tipletin@aisdoptiddd eormegtifg didmber if7or med when

t he devel opnent process is applied at step (d). Then

at [00®)] Foethd pbeding llads) iwhich2dhould halamlovad eéclraiiteninfiéx than the

and hardened so as to cover the core 23 thereby

Coumpé ddyen git tiheuitaplei toabse co phacdenditfyenesib@rs dofpo§ii@dy 6} thermal

For the cl adding | ayer, which should have a | ower

I ehardeobbley esinmdexrmpéritivnthivelened @itker optyoally o thermslilys ui t abl e

to use a photosensitive resinous conposition or

t hi®PTiE| For the core layer, which should have a higher refractive index than the
cladding layer, it is suitable to use a photosensitive resinous composition that can
sustain formation of a core pattern through irradiation of an excited light source such as
ultraviolet rays or the like.
[0078] Fig. 8 shows the configuration in which the light guide plate 14 of the first
lighting region and the optical connecting member 17, and the optical connecting
member 17 and the key operating part side, light guide plate 21 of the second lighting
region are connected either by a film shaped sticky sheet 28 or sticky tape 28.
[0079] Fig. 9 shows the configuration in which the light guide plate 14 of the first

lighting region and an optical connecting member comprised of the core 23 and the

cladding layer 24, and the optical connecting member comprised of the core 23 and the
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har denabl e resi nous conposition hardened either
optically or thermally. [0077] For the core |ayer,

whi ch shoul d have a higher refractive index than the
cladding layer, it is suitable to use a photosensitive
resi nous conposition that can sustain formation of a
core pattern through irradiation of an excited |ight
source such as wultraviolet rays or the like. [0078]

Fig. 8 shows the configuration in which the |ight

guide plate 14 of the first [Iighting region and the
Optlhdifidg &P ECanH NgE K@Wﬁﬁfatiﬂ% par@Bide L@t PREd B1dde 21 of the second
connecting nmenber 17 and the key operating part side,

| i Ggtting vépile 4pd ednfected WA the REhaRE apdht B2 8dhprReH of 18GH, P the film
are connected either by a filmshaped sticky sheet 28

or stapddc itick¥ seer 2B8or thdiéB] tafd . 9 shows the

configuration in which the |ight guide plate 14 of the

f i j0880] [FigghO ish@vs' g cotfigaratoh WHEL §llighORRRCH1ABA 4 of the first
menber conprised of the core 23 and the cl addi ng

| aljgiting 4egi@nand R @pitdl CRnndaRd) finbBO 1 EFdehe GRARN ic8Rfcting
of the core 23 and the 21 cladding |ayer 24 and the

k enerole rl dtahd) the[kay bpatih@,pattis@ibf light pwige plhRt2e o2 theQbcdnB @ighting
second |lighting region are connected via the adhesive
agepion 22 comgped Bebeitd laméated by tHe dddding 24, ormsdapaslo cover both
sticky sheet 28, or the sticky tape 28. [0080] Fig. 10

s habage dniddeloernhd @ 28t dfoke dpticaMoormbeting enelobght gui de pl ate
14 of the first lighting region and the optica

coff®dt Fizg 1 hrehwlva rthel donfigimdtidohia whidh thellighrariiie gildte1 g4 of the first
menber 17 and the key operating part side, |ight guide
pl laghing fegivn 4rdeths epticed dohgphting ghembergl Hhrundrtke optivak co@wcting
by being | am nated by the cladding 24, forned so as to

c ovemnbep df hnd thb dereopenating @hio wide, Hxhcguide fe @1 of the seqohd tighting
connecting nmenber. [0081] Fig. 11 shows the

c ongipy areaformel anamfntegratedbody ph tguipdeenp mategall witifa dolngtant
first Iighting regi on and the optical connecting
merbaetivel indexawsdd fon éhedlight gueitle platan eBiat isgo sayetib dight]ghidarpihte 14,
the key operating part side, light guide plate 21 of

t Hhe keycapamting pant 3ideg light guide plate 21 and the optical connecting member 17

are formed into an integrated body by the same flexible resinous material.

[0082] The light guide plate 14 of the first lighting region and the optical connecting
member 17, and the optical connecting member 17 and the key operating part side, light
guide plate 21 of the second lighting region can be mechanically interlock connected
using a connector part.

[0083] As shown in Fig. 12(a)-(d), the light guide plate 14 of the first lighting region
(display 8) and the optical connecting member 17, and the optical connecting member
17 and the key operating part side, light guide plate 21 of the second lighting region
(key operating part 2) can be connected each overlapping one on another. Fig. 12(a)

shows the specific example in which the extending part 14e of the reflecting surface 14b
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region are fornmed as an integrated body by a

transparent material with a constant refractive index
used for the light guide plate. That is to say, the

light guide plate 14, the key operating part side,

i ght guide plate 21 and the optical connecting nmenber

17 are fornmed into an integrated body by the sane
flexible resinous material. [0082] The |ight guide

plate 14 of the first lighting region and the optical
connecting nenber 17, and the optical connecting

merbthe light gaild planel kayrlgp e @nhetgoR&ith a phitl €7a dfii@NIpper surface of
gui de plate 21 of the second lighting region can be

me chaendca] they/ optithledonoeking slendat 9d ThsSother évd GARNNEGELOhe optical
part. [0083] As shown in Fig. 12(a)-(d), the Iight
guiccimegingtreenibér OF cornect§ it tthd éndplaitrXga beigs @R othedlieBPbadhe key
8) and the optical connecting nmenber 17, and the
opbpaaing pam nde tlightgpuideples 21. 17 and t he key operating

part side, light guide plate 21 of the second lighting

r ef084] Hikel2(l)pshows ithegeqample in)wiieh tHecexeating Glag dl €€ he first
over |l appi ng one on another. Fig. 12(a) shows the
speuiding sufaesrpcenfitie light giidé plete Xt oeetthpn th eandctidd @it h part 17b
the reflecting surface 14b 22 of the |light guide

pl af the bvensuefateafone endad tivapticad bonnedting tembert 1 71 7 Thodndtpae 17¢
upper surface of one end of the optical connecting

e htieg the BtherTdnd of the @pti@hcbnpertihg diémbeafl 7tcheneo@twithahe end part 21a
connecting nenber 17 connects with the end part 21la
behtribe athex end hfghe lydperhtingertisigly, lighpmiidetrilaig2part si de,

light guide plate 21. [0084] Fig. 12(b) shows the

ex le Figa 134a) shows Hie esangla il wigclptoe exttddingofartt He of iheséflecting
out goi ng surface 14c of the light guide plate 14
ovarfagg 5ibi of thokight gride nlate kdhovarlgparin cdibbetionfwithithe payineTa of the
surface of one end of the optical connecting nenber

1 7vpprehiriagecpfigng end pf the optidahepnnénting tuhwberd driaghe adhesive agent 22.
optical connecting nenber 17 connects with the end

paFke cpd part 17 beingdhenthes endgfdheydpticd cotknesting ek Hipopaacts with

side, |ight guide 'gl ate 21. [0085] Fig. 12(c) shows
t hibe snchngt &14 # thihpther eodeof dher ke dipprgtingapart sidee light guire plate 21.
reflectin

Further, in ]gig. 12(c) the optical conneéting member 17 is connected at the reflecting
surface 14b side of the light guide plate 14, however it may be connected at the first
outgoing surface 14c side of the light guide plate 14,

[0086] Fig. 12(d) shows the example in which the extending part 14e of the reflecting
surface 14b of the light guide plate 14 overlaps in connection with the part 17a of the
upper surface of one end of the optical connecting member 17, moreover the part 17d of
the upper surface at the other end of the optical connecting member 17 connects to the
upper surface 21b of the other end of the key operating part side, light guide plate 21.
Further, in Fig. 12(d) the optical connecting member 17 is connected at the reflecting

surface 14b side of the light guide plate 14, however it may be connected at the first
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surface 14b of the light guide plate 14 overlaps in
connection with the part 17a of the upper surface of

one end of the optical connecting nenber 17 via the
adhesi ve agent 22. The end part 17c being the other

end of the optical connecting nenber 17 connects with
the end part 2la at the other end of the key operating
part side, light guide plate 21. Further, in Fig.

12(c) the optical connecting nenber 17 is connected at
the reflecting surface |4b side of the |ight guide

pl abggoihd sutfwedesidé of talight guide pRactiemdat miyke doni&ted using an
out goi ng surface 14c side of the light guide plate 14.

[ OG8kEkivEiagent. 1 24 ghin, sheosiicdl enexs@dpomember iHE ¢bnnkdied to the lower
extending part W of the reflecting surface 14b of

t heutficgR1b glihe keypditating arovigs, |lighseuidd LAOPERSWSr Windald also be
the part 17a of the wupper surface of one end of the

op tehm@tted Orihewipersy:faredemal be comieaed iingtanadiaive adéatl of

t he upper surface at the other end of the optical

coifi®iEE} i lngherewive spetific ecaamEes Beht @& doheeyed fipar lowbil feS@ive index
2l b of the other end of the key operating part side,

| i giaterigutodke loklet eefiddtive ikdextowedrial, ithusFselgetiod 2f ehe hdi@ial used and
optical connecting nmenber 17 is connected at the

r etthecamgleny thegrurofrdinatibndlars ingteriait. t Alrther, glitie grdivadows| mdtiRvds of
14, however it may be connected at the first 23
outersediyg searti dight guide platte amf theheptichlgdrtnneptingl enguitet, eand 4in (c)
and it may be connected using an adhesive agent.
Agadlhgsive hgeniois eimplaleds butribe tannertioe methods as describedhingtigsed-11 can
to the lower surface 21b of the key operating part

si beutiizeght gui de plate 21 however it may al so be
connected to the upper surface, and may be connected

us [19§81arTha @bléss] soaneptjiog memp (g descrihed 4bovainns of speeitkiflexible,
exanples light is conveyed fromlower refractive index
mabetrust have Teling shdpnence pedt elaticity e Foneclawplenit dy praferabtertba the
selection of the material used and the angle of their

c oFfitf gfancregprsolznptical ingwtieminss, in the360chrending testewithrradivaefi consture
met hods of connecting each |ight guide plate and the
opt e IS 1o AECHIY dﬁ@gﬁéhq raterf harease yf optieH daseien dngenfier the
Is enpl o%ed,_ but the connection nethods as descri bed

i ntepptyiye ending test yvith radius of curvature 5 mm is repeated 100,000 times is not

more than 1 dB; and that mechanical damage such as cracks does not occur in the core
after the repetitive bending test with radius of curvature 2 mm is repeated 100,000 times.
The existence of such mechanical damage such as cracks can be confirmed under a
magnifying lens, under a microscope or with the naked eye. Moreover, it is preferable
in the optical connecting member 17, that the coefficient of elasticity using a film
tensile test is 0.05-6 GPa.

[0089] Bending at a radius of curvature 5 mm repeated 100 times each day and further
continuing this over three years results in testing approximately 100,000 times.

Naturally, repeating the bending 30 times each day is equivalent to continuing use for
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be utilized. [0088] The optical connecting nmenber 17
descri bed above nust of course be flexible, but nust
have fol di ng endurance and elasticity. For exanple, it

is preferable that the rate of increase of optica
insertion loss in the 360 bending test wth radi us of
curvature 2 nun is not nore than 1 dB; that the rate

of increase of optical insertion |oss after the
repetitive bending test wwth radius of curvature 5 nm

is repeated 100,000 tines is not nore than | dB; and

t hadoutBGRasi cal damage such as cracks does not occur

in the core after the repetitive bending test with

r afd0ery  Chrtier ! opfital f@nsfnidiBnl 16ssf TRRAS RHal 108n0Q) MBS 17 in the
The exi stence of such nmechani cal damage such as cracks

C 50050 GENnbdveRBE HRRRBE siduldFRGP thtk Rin B @BFm. Under  a

m croscope or wth the naked eye. Mbreover, it is

pr@b®i ablgin, he obliAl eddhbdtial neRBBEL hddth RSP anli’a clhd¥dy part
the coefficient of elasticity using a film tensile

t et riffacveObdéx GPahichCi0 8 erBBRC A0 oRkhedcdr@GhidSardf the relative
curvature 5 mmrepeated 100 tinmes each day and further

C oBfradfing N@lek hdifferom@r oft theedaddent farf @adllikeS cdrd ga@Sbf 0@ optical
approxi mately 100,000 tinmes. Naturally, repeating the
besedicagng3 hetobéres 105030 dENs valucapplivateite dag BORKLK ieNgbtical
use for 24 about 10 years. [0090) Further, optica

t reansetings meimbérosphifest didy hetdofaparC atinde tclad@ing a6y aik.7 The
in the 450-750 nm wavel ength regi ons should be not
nmohiekrieksost tBe ehid/ sarface[opP&ing tAg RisnlightiRg re@vhiof e optical connecting
connecting nmenber 17 has a core part and a cl addi ng
panémbet f3d.0lefmact i ve i ndex of which is |ower than that

of the core part, and the relative refractive index
di[062} ehcrespeét dilvay of d#adiboge acribedrtamile, dosdditjparns tief optical
the optical connecting nenber is 1-50% This val ue
apphicetng membve 1 ¢ atsie possibletio einplb e mepiberaatd forcanttecpirpspe, that
menber conprises only the core part and the claddi ng

pas flexible dike .theThpical connecting member 17. For example, a configuration in

which a circuit substrate used as a medium for conveying light as electrical signals is
integrated either by pressure or connection to the optical connecting member 17 is
feasible.

[0093] Further, the second lighting region illuminates each key of the key operating
part through the operation of the light guide plate.

{0094] Fig. 13 is a cross-sectional view of the region of the key 2a region of the key
operating part 2. When the key 2a of the key operating part 2 is depressed in the
direction of the arrow D, the function ascribed to the key switch turns on.  As light
from the key operating part side, light guide plate of a key operating part side 21 passes
the key 2a side each key is illuminated.

[0095] Fig. 13(a) is an example showing a cross-sectional view of the position of the
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t hi ckness of the end surface opposing the first

lighting region of the optical connecting nenber is
0.01-2 mm [0092] In respect of any of the above

descri bed exanples, in addition to the optica

connecting nmenber 17, it is possible to enploy a

nmenber used for another purpose, that is flexible

i ke the optical connecting nmenber 17. For exanple, a
configuration in which a circuit substrate used as a
medi um for conveying light as electrical signals is

| ni@arAs@aRk ﬁéﬁdﬁ@(aﬂ@’pa‘?{ ESAN Hodh u{:@xﬂﬂﬁﬁ:\x/lhg rihé Eeé}f&% arranged

opti'cal connécting nmenber 17 is feasible.

Fupid eﬁe s“tntaﬁmg erRRAs bbb GRbbSRE oh %Q‘ugs@raiel dvumaraatg% gaa&piate 21.
key of the key operating part through the operation

of atdagvdki @b GUHiER sl ALtk 10lBOSMH o ffthDkeyh3. | ﬁl x@sponse to pressure
cross-sectional view of the region of "'the key

r egbRANhOTked NE hEYonRR YA I SreRBfel tite m%gtéiﬁnéﬁ%y@z@ver the
of the key operating part 2 is depressed in the

di ER6kdt©87 Afa thb QIeﬁibfeOM‘ghD guIdB QIdtaIE o ORnARES IHB & ittiAnd B&ion.
key switch turns on. As Iight fromthe key operating

PaREfHEE elemb@ 218 Whatl Qlifph @t @h@fen@rds{meomﬁ huidegpIRAIdf a key
side 21 passes the key 2a side ea key is

i | bperdtinatRf- side0POR]a ik Goptidad (Bhndcling? he@baP! @t Sk a)(]"

cross-sectional view of the position of the 25 key

of thefeBy [@jecOizemhalipiGo PR bwer suffceSdTandkdyRal R tfordicd \Wh agegmn
the key 2a is arranged over the switching elements 68

di supsa ]l Peldive udmt kay Ba 6 the light Qideipliié ofdkeyplafifiEpart side
21. A convex part 2b is disposed at the | ower side of

t h2l. K The Zeflective ele@z 2$Lcdnte pi@Sded b€ usihg fefledtive eledigntd @sed for
the convex part 2b pressures the switching el enents 68

ovesmrhditly kibwindizhguidetplatst protitigg tHe yuckdies fdr@Pdinay ligled crystal
plate 21, to conplete the switching action
Redlikat apperatk amohndsthékt gprévidihg aifiné pash forng bt d@ rfomt bnthe like.
the light guide plate of a key operating part side 21
vi Burthes irofig i 13&d), thorefleaive epmemnes ard Tormed siubes $idinini cahthgt with
90,
the key 2a of the light guide plate 21, however these elements can also be formed at the
opposite side having the switch elements 68.
[0096] Fig. 13(b) is another example showing a cross-sectional view of the position of
the key 2a of the key operating part 2. Here, as shown in Fig. 13(c), openings 21b are
positioned in locations corresponding to the key 2a of the light guide plate of a key
operating part side 21, and the convex part 2b of the lower surface of the key 2a directly
pushes the switching elements 68. Light entering the light guide plate of a key
operating part side 21 via the optical connecting member 17 is reflected at the side faces
of the openings 21b and projected to the lower surface of the key 2a. Tapers are

formed for the side surfaces of the openings 21b to facilitate projection to the lower

surface of the key 2a.
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t hereby projecting the light to the | ower surface of

the key 2a, are fornmed in a region substantially
relative to the key 2a on the light guide plate of a

key operating part side 21. The reflective elenments

2la can be provided by using reflective el enents used

for comonly known |ight guide plates providing the
backlights for ordinary liquid crystal display
apparatus such as those providing a fine prismform or
dot formor the like. Further, in Fig. 13(a), the

r efl005C] | mdotl Rigre 13(s8) Allgbjatte siitstrired? atid thbewisdhdg dldments 68 can
contact with the key 2a of the light guide plate 21,
howe veverddheithen Bdxitrie mliis skan ah &6 dase, b ovhire doléred ki@t is preferable
opposite side having the swtch elenents 68. [0096]

Fi dn ord@(tinotebrighttyt prejectdighinp ke ieio wirfie of the key 2a.
cross-sectional view of the position of the key 2a of

t h¢0URBY lojpeuraitrabig tqpmbtidea sdtigaronBuraidn Wnwhith Hiughination to both
13(c), openings 21b are positioned in |ocations

c othreefirptolipdit ingy refgiontdné theesec@al lightihd esglongobs gfiitle c@tagt 8me has
of a key operating part side 21, and the convex part

2b elopsed ishdwwetivitgLandl aseno®hdnhsemk eytioR pasuch dsqukhiyg a payssvesh or
the switching elenents 68. Light entering the Iight
guihddikp) iapperfomed Keyhe apeobithe pgseainvertiodewikh Miminttivd: to the
optical connecting nmenber 17 is reflected at the side

f abestlightifg tdg@ndpen illngsnafidiotodhksepmdjlightingdegian 41409 gdes Yooon.
surface of the key 2a. Tapers are forned for the side
sut009%le Furhert the preemi mysnidmbcdno b acilitedt adgteondy dpedhe portable
to the lower surface of the key 2a. 26 [0097] In both

Fi tplephong @ayhoamdn Fig) 2, butean alsbbe applied H7a porthbiehigformation terminal
switching elenments 68 can be covered with a flexible,

t hPthpespaalt comptet. hiFig. cldsie angexismial gensprictiveeview tebewing s personal
preferable in order to nore brightly project light to

t heonmyiee A1 touwliiehcthe presenhigvéntion cea befapidied] This pessonal computer 31
preferable to provide a setting configuration in which

i | Isuhiftlding shutt (gpey somprising af inpis tboy GHt Whigh fertfien mroivds a key
the second |lighting region goes off if a certain time
ha®Perading pyeé2 Wdt%%‘tfﬁceagﬁ ARd 2 glosinglil Foetonnastedip the magnbody 34

aC‘tfiL gnﬁingse %%Ilhgsengblfgsll}:lg glo?ingk ﬁg 32% E)gel;ll a?le close. That is to say, the
main body 34 and closing lid 36 are connected so as to be able to rotate, via the hinge
35.  Adisplay part 38 is provided in the surface 37 which forms the surface opposing
the key operating part 32. This display part 38 displays image or character information
based on the operations performed using the key operating part 32 of the main body 34.
[0100] The main body 34 provides the key operating part 32 itself comprised of a
plurality of keys, formed in the surface 33. Further, the main body 34 houses
internally memory such as EEPROM or the like, a control part such as a CPU, and

signal processing parts providing wireless functions and transmission functions or the

like. A special characteristic of the main body 34 is the provision of the key operating
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the like, is perforned. In the case of the present

invention, when illumnation to the first |ighting

region is on, illumnation to the second lighting

region also, goes to on. [0099] Further, the present

i nvention can be utilized not only for the portable

t el ephone as shown in Fig. 2, but can also be applied

for a portable information termnal or persona

conputer. Fig. 14 is an external perspective view

showi ng a personal conputer 31 to which the present

| N\par tside,ighe Buile pBRRhit @didesT e RRTe8 AL 2 GBMRH T sdrrce of the

is a folding shut type, conprising a nmain body 34

whiciobing tid 85 et ilnﬁxﬁﬁ{dtﬂg&e&eiﬂﬁpﬁaﬁﬁg§£@§i. ng part 32 and a

surface 33, and a closing lid 36 connected to the main

bodiyl 03¢ Theicksiug idr@@rodfdet BRldipngRh@ 38 ifi8e GlrASd 10 i display

36 to open and close. That is to say, the main body

34 pand8 comystistda durflice3kohaEduire N8t il cBRtaPSisflsy & iAlhiBated by

to rotate, via the hinge 35. A display part 38 is

pr eheistefeteilight soered UrTha Giguid éryédai GikpldyQaitis pro@d@IHALQirface light

opposi ng the key operating part . This display part

38 saliraplithis therch@ig 0kl paRar Bied wffade ol oakde s a BAR6ur& such as

t he operations perfornmed using the key operating part

32 fovfexdrinde aminie ligitig BAD anfl @ HOPLy phe sib@iBhiady plfe, that reflects

provi des the key operating part 32 itself conprised of

a oppasseal indoyninyf lighe yehen ligkitnie dnpun frbfethis UighBsRrod3to illuminate the

Further, the main body 34 houses internally nenory
sutinideryEdPRpy part.t he |i ke, a control part such as a

" CPU, and signal processing parts providing wreless

f ufid 02]Jo Adoreelr, t retwrsmi ths inmuin fbudye 34 indl 1he diddmig hid BE. anPoptical

speci al characteristic of the main body 34 is the

pr eannsitiog ngfberhie phoeided et Atxitly condiéetp eetdisplag @art kidghight guide

gui de plate that guides light emtted froma surface

| i plate andwheckeyodpetahing pat sige,night iaidS Blafecandi dpbrates BAH ichghecting

the key operating part 32. [0101] The closing lid 36

prwoinbes guiding lightemhitied fhem the3Ght soutdado the kéwomeraig parhside, light

display part 38 conprises a surface |ight source and

a gvidpuplatecr Thet erticali cophesiing) membér| passes parkle dvithin the ténge 35 that

surface |ight source. The liquid crystal display part

i sToptably ewarpcisithemain bedvi3dmed theglusing lid 36.

[0103] The display part side, light guide plate, the key operating part side, light guide
plate at the optical connecting member are as described with reference to Figs. 3
through 13.  Thus, in the personal computer 31, light from the light source 13 is used
to illuminate the liquid crystal display part 38 and simultaneously, light from the same
light source 13 is used to illuminate the key operating part 32. Accordingly, the
personal computer 31 realizes low power consumption and cost reductions.

[0104) The display apparatus according to the present invention could include for
example, that of a foldable portable telephone, a portable telephone device such as a

twin screen portable telephone or the like, a personal computer, a twin screen portable
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source within the closing lid part. The surface |ight
source has a light source such as for exanple a white
lighting LED and a display part side, |ight guide

plate, that reflects or passes incomng |ight when

light is input fromthis |light source, to illumnnate

the Iliquid crystal display part. [0102] Moreover,

bet ween the main body 34 and the closing lid 36 an
optical connecting nenber is provided that flexibly
connects the display part side, light guide plate and

t hearkeiachperoftn Electpaic dicsibakey with giidenJot Hadviadteh enpand
operates as a connecting menber guiding light emtted

f r osiheFig. i ghis s0dxket@al tperspdravk @lewodires atin Ngrep@r foldablel @portable
l'ight guide plate. The optical connecting nmenber
pastkpBomealit | Thevfitsh displh parh (@R dpstdlablayy ¢ plosidkd/ in the main
connects the main body 34 and the closing Iid 36.

[ OBéH3]42Tihenscthe pdcand Kchtihg dgib@, whileggiht sapuhd@isdyepaey, (litphe crystal
key operating part side, light guide plate at the
optisgat) ¢Hmneddedniy hentedsingnrlid &6 foascrhebfdt Wghting region. A
reference to Figs. 3 through 13. Thus, in the

p e mipspbnc4ipuhe tike3 1s inbtaltpidtin trearnsingdidl 42g hThes fitst digpldySpart 43
iIs used to illumnate the liquid crystal display part
38foamsla wuchupaneln e Thistoych ganegl lebn dispdan 4 lerabtan diffietegiitinds of icons
source 13 is used to illum nate the key operating part
32in thewoenli NYeagher intfiematier @onko bedispdapedr 31 real i zes

| ow power consunption and cost reductions. [0104] The

di Bp0@y Fap péisanesteaslgersgeatige viowtoli @ tyin esresn; portableghine machine
could include for exanple, that of a fol dable

poft. adihe firss| displagmert Giqypdctyabl displey)epPhpreddein the npirchedy 52
as a .twin screen portable tel ephone or the Iike, a
pefosonthe secong lighting regionyiwhils theesesrng displap part (1R8idyayseal display)
machi ne or an electronic dictionary with screen for
hapipwevidedin thhglesing i3 B msihg first Sightingaegienct & kexloperating part
perspective view of a twin screen, foldable portable

t eblepsHondled in thehymainjbody 58 sPhieafjrstodisplay(partgbh foros g deush panel.
di spl ay) 43 provided in the main body 42 fornms the

s e Esrigughipgeal ispperated apihe usen direstly frackes Bisiieresst spl ay part
(liquid crystal

[0107] Fig. 17 is an external perspective view of an electronic dictionary 61 with
screen for handwritten input. A handwritten input screen (touch panel) 63 and key
operating board 64 are provided in the main body 62. These handwritten input screen
63 and the operating part 64 are equivalent to the second lighting region. A display
part (liquid crystal display) 66 that displays character information and the like that is the
main information of the dictionary, is installed in the closing lid part 65. This display

part 66 corresponds to the first lighting region.
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di splay) 45 provided in the closing lid 44 forns the
first lighting region. A mcrophone 46 or the |ike,
isinstalled in the closing lid 42. The first display
part 43 fornms a touch panel. The touch panel can
display a plurality of different kinds of icons in
the screen. Weather information can al so be di spl ayed.
[0106] Fig. 16 is an external perspective view of a
twin screen, portable gane machine 51. The first

di splay part (liquid crystal display) 53 provided in
the main body 52 forms theggpged |ighting region,
whil e the second display part (liquid crystal display)
55 provided in the closing lid 54 fornms the first
l'ighting region. A key operating part 56 is installed
in the nain badyphieal cdMRchilg’ Hbmbkr $8hIrdIAER BBt bAWEE: 2 first

touch panel. The touch panel is operated as the user

di nightidgyrehion Giasy behs séue@Nandl L& gufde Platd 7anliS: &Bond lighting
external perspective view of an electronic dictionary

61 repidn light €mRRA oAy antAN Mt bAfe gé}@lghide Prafeangidedtté B8 second
i nput screen (touch panel) 63 and key operating boarJ
64 lightthgpégior. ded in the main body 62. These handwitten

i nput screen 63 and the operating part 64 are

equi valent to the second |ighting region. A display

part (liquid crystal display) 66 that displays

charact & i nf DiiematicelNcabnektingh ndritee abddadind & thfn 1"Bhddein the
information of the dictionary, is installed in the

c| osisadptanéedofight of@ wavalbigsh SpBRkayes cﬁﬂﬁl\% tSfhe 6816 IRSRARES the
to the first lighting region. 29 Al 1. An optica

c ormeenst lighgngeepibe is noolkfs than 85%.such t hat between a first
l'ighting region having a |light source and a |ight

guide plate, and a second lighting region, |ight

emtted froman end surface of the |ight guide plate

is guidéd to tHbe spiiahcdennkdtiph toentber &Gblng 13.eithdteof claim 1 or
opti cal connecting nmenber according to claim2l1 wherein

t hdaim 2 wherein the rate of increase of loss in the 360° bending test with the bending

radins of 2 mm is not more than 1 dB.

4. The optical connecting member according to any of claims 1 through 3
wherein the rate of increase of optical insertion loss after the repetitive bending test with

the bending radius of 5 mm is repeated 100,000 times is not more than 1 dB.
5. The optical connecting member according to any of claims 1 through 4
wherein mechanical damage such as cracks does not occur in the core after the

repetitive bending test with the bending radius of 2 mm is repeated 100,000 times.

6. The optical connecting member according to any of claims 1 through 5
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transm ttance of |ight of a wavel ength region
corresponding to the color illumnating the second
lighting region is not |less than 85% 3. The optica
connecting nmenber according to either of claim1l or
claim2 wherein the rate of increase of loss in the
360 bending test with the bending radius of 2 mmis
not nore than 1 dB. 4. The optical connecting nenber
according to any of clainms 1 through 3 wherein the
rate of increase of optical insertion |oss after the
I efaRtdid 1hY SodPRiisht BEelisasity Winkh filhhésikerediiswos-adipes of S
mmis repeated 100,000 tines is not nore than 1 dB. 5.
The optical connecting nenber according to any of
claims 1 through 4 wherein nmechani cal damage such as
cracks gloes mat oftfeelbonhditifgdRerfidr @ccafdirfto kfkEof claims 1 through 6
repetitive bending test with the bending radius of 2
MaHefeid @ eadkaeks dPBe O suthd®Rpposthg ko plillcathte is 0.01-2 mm.
connecting nenber according to any of clains 1 through
5 30 wherein the coefficient of elasticity using a
filmtensile test is 0.05-6 GPa. 7. The optica
connect$.ng MIROEpticalcdMiediingOmériben Byco@ingab anya clhirhd\r trtabh 7
6 wherein the thickness of the end surface opposing
t hkat hisghdoregpaiidiad phiadiding wartD. 01-2 mm 8. The opti cal
connecti ng nmenber according to any of clains 1 through
7 that has a core part and a cladding part. 9. The
opti cal connecting nmenber according to claim8 wherein
the red.ati vah¢ eptiat contectingdmxmbtr fdcedréing eo @laith e wherein the
cl addi ng part and the core part is 1-50% 10. The
opelatialrefcotiveciodaxriiffarenat of thacadiing) pag abdthe icorla @art f1-50%.
clains 8 or claim9 wherein the exterior of the
cl adding part has a supporting film 11. The optica
connecti ng nmenber according to any of clains 1 through
10 thatll.s aTht egtids]l eormptting ahermbmy ecnordieg travithey of clhomse8 or
part and cl addi ng part.

claim 9 wherein the exterior of the cladding part has a supporting film.

11. The optical connecting member according to any of claims 1 through

10 that is a flexible optical waveguide having a core part and cladding part.

12. The optical connecting member according to any of claims 1 through

11 comprising glass fibers, plastic fibers or resin tubes arranged in parallel.

13. The optical connecting member according to any of claims 1 through

12 comprising glass fibers, plastic fibers or resin tubes laid inside resin.

14, A display apparatus comprising:
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12. The optical connecting nenber according to any of
clainms I through 11 conprising glass fibers, plastic
fibers or resin tubes arranged in parallel. 13. The
opti cal connecting nenber according to any of clains 1
through 12 conprising glass fibers, plastic fibers or
resin tubes laid inside resin. 14. A display apparatus
conprising: 31 the optical connecting menber
according to any of clainms 1 through 13; a first
l'ighting region; a second lighting region; the first
l'i ghting regimenoptias candett@lpt m&ther aeotdi @ dnk @Ntlafnsl Oehrough
pl ate; the optical connecting nmenber guides |ight
enmBited fromthe end surface of the |ight guide plate
to the second lighting region. 15. The displ ay
appar at us aca@irstlligtging Gegidnai m 14 wherein the first
lighting region and the optical connecting nenber,
and the opti gsadcondigt€iag teg@nyrenber and the second
l'ighting region are connected via an adhesive agent
conpri sed of theddt lightikf) regldtchal h fipht 3yuradsnd madighiSguide plate;
according to claim 14 wherein the first lighting
regi on and t e eftilcannetiiawihibag giigeBght enited fiem the end
optical connecting nmenber and the second |ighting
r egifaen ofthe ligho goide plew tv iha secofid lightiapegged. st i cky resi nous
sheet or by a resinous tape. 17. The displ ay
apparatus according to claim 14 wherein the first
lighting region and the optical connecting nenber,
and t helSopt i Thd diggdaynappbratug acverdier to alaih 14 eshesmabnfirst lighting
lighting region are connected via a fil mshaped sticky
r esgianoand tlehapeical @onnecidngamemtees,i and tie dptiped cormacting geambew aral the
an adhesi ve agent conprised of resin.

second lighting region are connected via an adhesive agent comprised of resin.

16. The display apparatus according to claim 14 wherein the first lighting
region and the optical connecting member, and the optical connecting member and the
second lighting region are connected via a film shaped sticky resinous sheet or by a

resinous tape,

17. The display apparatus according to claim 14 wherein the first lighting
region and the optical connecting member, and the optical connecting member and the
second lighting region are connected via a film shaped sticky resinous sheet or via a

resinous tape, and again via an adhesive agent comprised of resin.

18. The display apparatus according to claim 14 wherein the optical

connecting member has a core part and cladding part, and the first lighting region and
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18. The di splay apparatus according to claim 14

wherein the optical connecting nenber has a core part
and cl adding part, and the first lighting region and

32 the optical connecting nenber, and the optica
connecting nenber and the second |ighting region, are
connected by being | am nated by a cl addi ng | ayer

fornmed so as to cover both above and bel ow the core

part of the optical connecting nenber. 19. The displ ay
apparatus according to claim 14 wherein the first

|'i ghe bft@al éEéchify Rtdehbb) @nd Rild SkalCORRREEJ BRMBERRY the second
and the optical connecting nenber and the second

| giahdinOre£i6N)| a8 codh &t NRDI OdhinYted 8 A@HdMIRE MePformed so as to
connector part. 20. The display apparatus according to

cl ab¥er béth whek @hdbdidvethe 868 Pakt of thBtc NG o AR By mdiaksr. 2

l'ight guide plate, and the |ight guide plate of the

first lighting region and the optical connecting

menber and the |ight guide plate of the second

l'i ghtingior egi ORe difay Dbareels hdtbliRNo Bl 9 F#h&LinRANNrsDYghting
the sane flexible, resinous mterial. 21. The display
appeicat dng tRCEBic Al ichghettthgahomiRE, agll eHe Bptidef cdiAbAIE Medfder and the
wherein the first lighting region is provided with a

cl esdbondlightifly Rgloh arelrRh&RGON idet @kihg NonnéRGiMAA. 1 S

provided with a main body, and the optical connecting
menber and the closing |id part and the main body are
rotatably connected via a hinge part. 22. The display
appar at (29, accolieddiglay @ppaiatusObectidaign® dlafi 9 UgHeredr the second
conprising: a first lighting region providing a

suliflaing regigh hassoligle gupiarilaté)avd e Beht lguigbplakobf e fsdighting
light guide plate, and a liquid crystal display part

t hadgionsand| theiwpticat echnedtingt i@nted rabdiaie: lighy iuide oplite &f the second
which first lighting region reflects or passes |ight

f r bghtinperegi@® are formed into an integrated body by the same flexible, resinous

material.

21. The display apparatus according to any of claims 14 through 20
wherein the first lighting region is provided with a closing lid part, the second lighting
region is provided with a main body, and the optical connecting member and the closing

lid part and the main body are rotatably connected via a hinge part.

22. The display apparatus according to any of claims 1 through 21
comprising:

a first lighting region providing a surface light source part having a

light source and a light guide plate, and a liquid crystal display part that is illuminated

by the surface light source, which first lighting region reflects or passes light from the
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light source, emts light froma first outgoing edge
opposing the liquid crystal display part to
illTumnate the liquid crystal display part, and al so
emts light froma second end surface opposing the
opti cal connecting nmenber; the optical connecting
menber, that flexibly connects the first lighting
regi on and the second lighting region positioned
between them and guides the light emtted fromthe
second end surface of the first lighting region to the
s e tightChohic ] it Qight! ©xhh @ irst dfkorhg %eg@a%o&m@me I1igid "cB&HaP Bisplay
havi ng a key operating part connected to the fir'st
| gint tonQYurnipgte @k NGudl driteal ARblag BArt, GANNEL i KB FPS 2 s8@nd end
as to be able to open and close; that functions as an
| nbwfaBbpposingthe 6pRs] ddgndteig SemWdri h |1 ghti ng
functionality, that displays inage information or
character i nf@egRiceDidnatiid BehbdUhal AegiblTotec@itElirdMighting
part based on operations performed using the operating
pardgion2ad tHheceidSpihtidy MRRAT FiskidncACKRldth MEEnt, Aing lp@id® &2 light
in which the information processing device with
| i erhittied Gofntthe bdcomberd! sirfhce of tROfirseidheing RIgRRANE MR- seeshd lighting
The di spl ay apparatus according to claim22 in which
t heegionfaadmat i on processing device with lighting
functionality is a personal conputer. 34

a second lighting region having a key operating part connected to the

first lighting region via the optical connecting member so as to be able to open and
close;

that functions as an information processing device with lighting
functionality, that displays image information or’ character information on the liquid

crystal display part based on operations performed using the operating part.

23. The display apparatus according to claim 22 in which the information

processing device with lighting functionality is a portable telephone.

24. The display apparatus according to claim 22 in which the information

processing device with lighting functionality is a personal computer.
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