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[ Techni cal Field] [0001] The present invention relates to an

el ectroni c apparatus including a first body on which electronic parts
are nmounted, a second body which is ablle to rotate or slide

10re|apive|y to the first body, ﬂ gc%hﬁgbgle cabl e which functions
as a signal line connecting the fi E nd the second body, and

to a cellular phone, a flexible cable, and a nethod for nanufacturing
an optical wavegui de form ng body. Priority is clainmed on
Japanese Pat ent Aggllcatlon No. 2008-151713, filed June 10, 2008, the
contents of WHLEGTRONICAPPABANAIS SEREUAR BYONE; BLEXELE @5B[Lfe%mﬁl cal
Background] [0002] Cel | ul ar phones generally include a main
body on whi cMEGEENAFORGMANUIBHST RN (O8I (Ereld WG WD QRNINM&HB@DIody
which either rotates or slides relatively to the main
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[Technical Field]
[0001]
The present invention relates to an electronic apparatus including a first body on
which electronic parts are mounted, a second body which is able to rotate or slide
10 relatively to the first body, and a flexible cable which functions as a signal line
connecting the first body and the second body, and to a cellular phone, a flexible cable,
and a method for manufacturing an optical waveguide forming body.
Priority 1s claimed on Japanese Patent Application No. 2008-151713, filed June
10, 2008, the contents of which are incorporated herein by reference.
15
[Technical Background]
[0002]
Cellular phones generally include a main body on which operating buttons are
provided, and with a movable body which either rotates or slides relatively to the main
20 body. A circuit board provided on the main body and a circuit board provided on the
movable body are connected together by means of a flexible signal line (hereinafter,
referred to as a flexible cable). A cable formed by housing a thin metal wire inside a
flexible resin tube, or a flexible wiring substrate is employed as the flexible cable.
For example, in the case of a folding type of cellular phone, the movable body is

25  pivotably joined by means of a hinge portion to the main body, and the flexible cable is



20 body. A circuit board provided on the main body and a circuit
board provided on the novabl e body are connected together by neans of
a flexible signal line (hereinafter, referred to as a flexible
cable). A cable fornmed by housing a thin netal wire inside a flexible
resin tube, or a flexible mﬁring substrate is enployed as the

fl exi bl e cahle. case of a fo e, of .

cel T ular proRaisidehe FEGERP 8¢ otty® 16ec5835 dresiey 5 BlanBetaifpea Buts treea
hi nge portlon to the main _bad and the flexible cable is_ 2 laid
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formed by the hinge portion of the novabl e body (see, for exanple,
Pat ent docuf#s 1 and 2). [0003] In recent years, there have been
dermands for increases in both speed and 5transm ssion capacity in

si gnal transn sslmomsernt peird theed oebeer demiads foe ncsasds imbothapdedgnd
devices, electronic dictionaries, PDA (personal digital assistants),
per sonab carmpshBsien cpadtyneaguali ttgsmnsbninedé slegioaiv dsickesicRns garhing
consi deration of these denmands, it is becom ng common for optical

conmmuni cat ideficts eldaedndodictiorli€d) PD2EserBoal Oz Rl aeGitiit apercpap@Sifueers,
substrate which is fornmed by stacking optical wavegui de form ng

conponent s and thebduRiag SrsiBMckE sucBl8 idsREs. t @n B&IsRtaBbABE the RUcBRAEC lis
wavegui des) and sheét-shaped optical waveguides on a circuit board so

as to cr eatb@ccﬁﬁ‘in% @%ﬁ&g@hﬁ%ﬁ?@ﬂl{oﬂlﬂluﬂfc%n tE&nQBg?Qm&heﬂeg 98ﬁ0t§élgfﬁ%al

transmn ssions w devi ce I'n additron to conventi onal
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develop né
waveguides on a circuit board so as to create an integrated body in order to be applied to
a signal transmissions within a device.
In addition to conventional quartz-based optical waveguides, polymer-based
optical waveguides which are easy to manufacture (i.e., to pattern) and have widespread

15  applicability are used as the optical waveguide. In recent years, development of the
latter optical waveguides has been carried out vigorously. It is normal for these optical
waveguides to be treated as a single substrate forming component either independently,
or by being stacked on a circuit substrate like the aforementioned photoelectrical
composite substrate, and to be formed as a rigid material.

20 Moreover, among these rigid optical waveguides, in order to reduce transmission
loss in transmission light (here, this refers particularly to radiation loss), optical
waveguides are known where air contacting with a core portion via holes and trenches
and the like formed in cladding portions functions as over-cladding, and provides an
improved light confinement effect (see, for example, Patent documents 1, 2, and 3).

25



| atter optical wavegui des has been carried out vigorously. It is
normal for these optical waveguides to be treated as a single
substrate form ng conponent either independently, or by being stacked
on a circuit substrate |ike the aforenenti oned photoel ectri cal
conposite substrate, and to be formed a5 a rigid materi al
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particularly to radiation |oss opti cal. wavequi des. are known where
air cont act[?{%ﬁaﬂtﬂmwegt glolapanses Fatem Applcation.ddrsthrblication e <00 A743R4
like formed in cladding portions functions as over-claddi ng, and
provi des afhPateRhdecraeent gbﬁﬂar@wat%ﬁ@nhcaépm&qst Rubdigationgyo. @Q 7861

Pat ent docunents 1, 2, and 3). 3 [Patent docunent 1] Japanese Patent
Application, First Publication No. 2005-091469 [Patent docunent 2]
Japanese Patent Application, First Publication No. 2005-070324

[ Pat ent 5 do¢Dizelnsur8 bf tha paeesen] Pat ent Appl i cation, First Publication
No. 2003-207661 5[ Di scl osure of the Invention] [Problens to be Sol ved
by the | nvémbblemp td BOSHHed by the Invelwsyer, for exanple, as in existing
cel lul ar phones, in electronic devices that includes a main body and
W th a novagea) body which either rotates or slides relatively to

10t he mai n body, the current situation is actually that optical

wavegui des are nghwbRk6: d4afdlel 5 15Q§1sfllllgeé@llmaieplﬁﬁ1l3§ & H@&H}nﬁc‘)&ewces that
transmitting signals between the main body and novabl e body. Li F
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i nsi de devi ces

10 the main body, the current situation is actually that optical waveguides are not being used
in the flexible cable used for transmitting signals between the main body and movable
body. Little progress has been made towards the introduction of optical waveguides
inside devices.

As has been described above, it is normal for a conventional optical waveguide

15 to be formed as a rigid material in order to be used as a single substrate forming
component. Typically, the core and cladding portions of this optical waveguide are
formed from solid materials. In other words, no consideration has been given to the use
of conventional optical waveguides in applications requiring flexibility. Because of this,
they cannot be used as flexible cables.

20 [0005]

Bending deformation is applied to the flexible cable used for transmitting
signals between the main body and the movable body which either rotates or slides
relatively to the main body. In order to adapt an optical waveguide as the flexible cable,
it must have sufficient flexibility to enable it to perform bending (i.e., curving)

25  deformation. Moreover, it is necessary for optical loss (i.e., bending loss) due to the



As has been described above, it is normal for a conventional optical
wavegui de 15to be formed as a rigid material in order to be used as a
single substrate form ng conponent. Typically, the core and cl addi ng
portions of this optical waveguide are forned fromsolid materials.
In other words, no consideration has be@n gi ven to t he use of

conventi onal ptlcal wave n.a i.cation

flexibili tj"’n‘%@%glﬁ‘séwﬁ’fm‘f st ethF‘é’yc ‘E‘g gradis i S dm %ﬁ V‘flﬁllég%?’éab&%%l es.
20[ 0005] Bendi ng. deformation is applied to the flexible cable used
for transnioptfal§igeslyivatedrasemifiédn t he mai n body and the novabl e body
which either rotates or slides relatively to the main body. In order
to adapt ad0¥$di cal wavegui de as the flexible cable, it nust have
sufficient flexibility to enable it to performbending (i.e.,

curvi ng) 25def or Resterad polyisr-bapee pptidal whgcgngleespably of axdegguingiandingss
(i.e., bending loss) due to the 4 bending (i.e., curvature) in the
predi ct 6d hiefgmbideh haSe beenbeoiged. | , Homuveeitsd hdt kasgnabédelny ophdtial optical
signals to be transmitted. [0006] Several polyner-based optical

wavegui des vERBaRdEthef enbISLd itiactidhan e tend bR 6B ADRvBAVAIID SRMring a
proposed. However, it is not easy to develop a practical optical

wavegui de tshat wﬁé}@-Qc{tﬁﬁcfér)?ﬂﬁfcﬁlas‘féﬂapﬂaﬂs&mtsﬂ)ﬁs Pendssiadi UsorkQaifle, users
achi eved whil e securlng tate where satisfactory optical si gnal

)L S A A e
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IS necessary wavegui de to be

smal | nd radiu mhll sti,l| i.n tical 1Qs
armt 1 dought P B blste BuPRb et i sy S G310 pOP et O e
satisfactoril en t e opti wavegui de is bent at .this bend

r adi us. FoPp8¥ﬁngF§nm'W“Pﬁ%t %ﬁm%éﬁgﬁhWﬂ%mﬁ§0?%?ﬁﬁ@eﬁﬁn¥ e shape
of a thin sheet (having a thICkneSS of , for exanp m 200 m or

| ess), theﬁa@%ﬂ@th&ﬁ&fhﬁraawgtlﬂz?éwab@urﬁkdéb%&ﬁfr%ﬁ@?@d ‘@F‘r’é‘ﬁl Foroppmplgeif |

it becones difficult to secure folding endurance in the optical
wavegui de ithe ¢rticplswaveguide is formed in the shape of a thin sheet (having a thickness of, for

example, pm 200 m or less), then the bend radius can be made extremely small.

15  However, it becomes difficult to secure folding endurance in the optical waveguide if it is
simply formed into a thin sheet. Note that this bending endurance refers to a
mechanical endurance that makes it difficult for crimping and the like (for example, folds,
fractures and the like in the core portion) which cause optical loss to increase to be
generated. These problems present sizable obstructions to practical usefulness when an

20 optical waveguide is used for the flexible cable.

[0007]

The present invention was conceived in view of the above described
circumstances, and it is an object thereof to provide the following.

Namely, the present invention provides an electronic apparatus, a cellular phone,

25  aflexible cable, and a method for manufacturing an optical waveguide forming body that



sinmply formed into a thin sheet. Note that this bendi ng endurance

refers to a mechani cal endurance that nmakes it difficult for crinping
and the |like (for exanple, folds, fractures and the |like in the core
portion) which cause optical |oss to increase to be generated. These
probl ens present sizable obstructions td practical useful ness when an

20o0pti cal wayequide . is used far.t flexible cable 07 . The
or enent i nUBRE et R SREE sy Baieh oty s £ RISy et GREE sgunce o
circunstances, .apd it |s _an object thereof o provide the fol]| ow ng.
Narmely, thd™ BP%C&EW?V%H@@ AeTERe g 4 glé‘xgﬁ C@f)’@é?&%&ﬁl&l%%@d@f}t a

cel lul ar phone, 25a flexible cable, and a nmethod for manufacturing an
optical waseysFaostent et betyolenslectranicanparatys and s spaond bedy hersoirthat
sufficient flexibility and a high | evel of folding endurance in an
optical wawsyed whatively e s fveidpdpf Ia aflfisiei.bl the prbing invortionradgesmible i ng
signals that connects together a first body of an electronic

appar at fis aptkahlosedrduppcsged dnellegi-spchdtlamwugscinetratsmissioys todet hi s
first body. In addition, the present invention also enable 5optical

| 0Ss t o be pedigpred ss@dwhandhdilgnibls patsel forltley Gticalapaegdide dxpaiaivesSiEnding t o
be perforned even when the flexible cable for the optical wavegui de
exper i encegefoanstionGs deésalt Fhihe 0flatdse hovediti df 1R sebHiR voal adlatke tomean@ant

of the second body relative to the first body. [Means for Sol ving the
Probl enj body.
[Means for Solving the Problem]

10 [0008]

In order to solve the above described problems, the present invention employs
the following means.

A first embodiment of the present invention is an electronic apparatus that has a
first body on which electronic components are mounted, a second body that is able to

15 move relatively to the first body, and a flexible cable that is used to transmit signals
between the first body and the second body. The flexible cable has: an optical
waveguide forming body that is made of resin and is flexible and is formed in a belt
shape or a linear shape; and a deforming section that undergoes bending deformation in
conjunction with the relative movement of the second body relative to the first body.

20 The optical waveguide forming body has: a core portion that extends in the longitudinal
direction of the optical waveguide forming body; cladding portions whose refractive
index is lower than that of the core portion; and an internal air cladding portion that is in
contact with the core portion at a position thereof that corresponds to the deforming

section of the flexible cable and that incorporates internal air cladding layers which

25  extend in the longitudinal direction of the core portion. The cladding portions are



10[ 0008] In order to solve the above described problens, the
present invention enploys the follow ng neans. A first

enbodi nent of the present invention is an el ectronic apparatus that
has a first body on which el ectronic conponents are nounted, a second
body that is able to 15nove relatively ¢o the first body, and a
flexible cable that js used.to transmt signals between the first
body and t H&*CE@ %W&VE‘BW’.“E?H CTONE R %Plgra&‘&b‘%n OFFROTHIONS tl&%?’n""é’iﬁced beside
wavegui de form ng body that is made of resin and is flexible and is
formed in &2Heetherdpapallerows. and g airdpgpieare pieyidgd Hethe inisay adredadding
that undergoes bendi ng deformation in conjunction with the relative
nmovenent ofpottiva sgae kvt dadhs owtey itchpéerendial side o1 the eorp peryion 3OThbengdptg cal
wavegui de form ng body has: a core portion that extends in the

| ongi t udi nalefoginetamt is epplisfl te the deforinmglseatimuegui de f or mi ng body;

cl addi ng portions whose refractive index is |ower than that of the
core poistion; and satondrirbodiadientofithe praskdi mgepiontis tha elebiadni¢ spparatigont act
with the core portion at a position thereof that corresponds to the
def or ni ng seedriliag tofhe Fike efmbedimdhewieadihe seddd bbdt is bivebBoah&Sed via a
internal air cladding |ayers which 25extend in the |ongitudinal
direction ofindehertean& HRaAiively. TAR], tleaRdiNOcaBRil 1af A8 pasd through the
internally provided with either one or a plurality of core portions

that are p'h%?g%%ogggi de n8a6ddGbigh %é&ﬁ&%@flg ggylgif)l%%ble andcddfndild yicinity

| ayers are provi in the |ntern% air ng portion so as to

on the out %%rh%ilﬁﬁgg‘é{ﬁfogtgﬁ&tghféﬁg%&g@gr %dkgﬁd&l%gco%’%gk?” when bendi ng

deformation I's a section. second enbodi nment
Fi st dlbodt ment ARG BReR el g ey PRt BT bbbty a
e e B PSR B kR REA el o b
the flexible cable is located_ in the vicinity of the hinge portion
bet ween t hélif§ rekively s th dgstdady @@%ﬁad%@&wa{mﬂwqﬂa inths et hedt of
the present invention is the electronic apparatus according to the
first onbodindethe dafeenigpriiondatsHadasenpy bensips dsjermetion s qesungfidsavisipihe
‘e sliding movement of the second body relative to the first body is located between the first
15 body and the second body.

A fourth embodiment of the present invention is the electronic apparatus
according to the first embodiment where the air layers are provided in the internal air
cladding portion of the optical waveguide forming body at a position which is on the
inner circumferential side and at a position which is on the outer circumferential side so

20  as to sandwich the core portion when bending deformation is applied to the deforming
section.

A fifth embodiment of the present invention is the electronic apparatus
according to the first embodiment where the flexible cable has the optical waveguide

forming body, and with a belt-shaped flexibie wiring substrate that extends the length of

25  the optical waveguide forming body and is bonded to the optical waveguide forming



slide relatively to the first body along guide rails that are
provided in the first body. And, the deform ng section that undergoes
bendi ng deformation in conjunction with the sliding novenent of the
second body relative to the first body is | ocated between the first
15 body and the second body. A fourth enbodi nent of the

resent in ion.4s8.t .oNi rat according.to the.first
brbodt et pby eoihEeidhE FRERAST: SoARET Be i RSFRE R Sk Mtk
cl addi ng porti.on of .the optical. wavegui de f.ormi ody at. a position
Ghich 19 b HE el e eidn b R BrGrbespes B 8 el ir Bt T s
on the outer cirCL%.p?T_?J entjal side so 20 as to sandwi ch the core

por ti on wh&KeREHEITIFE PV BRariSHASi s applied to the deforning section.
A fifth enbodi nent of the present invention is the electronic

appar at us accor diiith gnbagdiment of thegrgsertiipentionis dieeledyeniclaprariie cabl e
has the optical wavegui de form ng body, and with a belt-shaped
flexibl & wiaedonding teibe fifth embpdimenty wherd shet frxililewgirlg subst28 hahen clpttiically
wavegui de form ng body and is bonded to the optical wavegui de form ng
7 body. Andpnioembicing thed Hhmahd @ nondsctap plyeratattiopohidedied arersurfgceseefahis on
in such a direction that the optical wavegui de form ng body becones

| ocat ed on bhdeefilinnnand. che @utfiesrdnelr & boatetetodlic dptiealfwaRxgiliefonhink Bdy so
substrate. A sixth enbodi nent of the present invention is the

el ect roni C 2@y i the oftReENiaH RerebOfrdrh eheldptitd) vRbARIBRHing BbEF € t he
flexible wiring substrate has an electrically non-conductive base

film and qufendiied @k bARYRAH. that is provided on one surface of this
base film And. the conductor |ayer is bonded to the optical wavegui de

form nggbody so RScfRi8RAikdAE optﬂpgnl%%%ﬁ e éltigﬁ{e%%f tr{nﬁ? gbf%%%l}sseve nt h

optical wavegui de form ng body sand Ing t ase Tl
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provided with a cable connecting portion that has a light emitting element or a
photoreceptor element that is optically connected to the optical waveguide forming body
of the flexible cable, and with an electrode portion that is electrically connected to a

15 conductive circuit formed by the conductor layer of the flexible wiring substrate of the
flexible cable. And, the flexible cable is equipped with connectors that are located at
both ends thereof and that are used to create optical connections between the optical
waveguide forming body and the optical elements, and to create electrical connections
between the conductive circuit formed by the conductor layer of the flexible wiring

20  substrate and the electrode portion.

An eighth embodiment of the present invention is the electronic apparatus
according to the sixth embodiment where the first body and the second body are each
provided with a cable connecting portion that is equipped with a light emitting element or
a photoreceptor element that is optically connected to the optical waveguide forming

25  body of the flexible cable, and an electrode portion that is electrically connected to a



according to the fifth enbodi nent, where the first body and the
second body are each provided with a cable connecting portion that
has a light emtting elenent or a photoreceptor elenent that is
optically connected to the optical wavegui de form ng body of the
flexible cable, and with an el ectrode ﬁgrtion that is electrically

connected to 5canductive.circuit fornmed he., conductar. | a of
Che 1 ext bgiepT GREH el od s ebpine GBS o e CEPE WHE i@ SPhe
flexible cable is, equipped with c ectors that are | ocated at both
ends. ther ed Bl ebiat AR v otble SOEGE COmEHbR b SRS Tt R HE ween
the optical waveguide form ng body and the optical elenments, and to
create el edtssadand hohie veqddn sTeplecRbeh cosctiann befwiery te opticlreveeyideed
by the conductor layer of the flexible wiring 20substrate and the

el ectrode penntingbedy and the optipg] clemghtshangtb ttpigeirctrish] qonpegiprshaiyeen the
invention is the electronic apparatus according to the sixth

enbodi mént catdicsvd dieuftiforsted by dye @ndudtdrdayse obthd floxitlie verieg edbstatprod/ihded
with a cable connecting portion that is equipped with a |ight

em tting elekorode mitian. phot oreceptor elenent that is optically
connected to the optical waveguide form ng 25body of the flexible

cabl e, and an el ggfintRdRbHAMENDT tHetREsehSinedngi6h Id thatledtranuppsiued to a
8 conductive circuit formed by the conductor |ayer of the flexible
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connectors that are |located at both ends thereof and that are used to
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and the optical ments, and to create electrical connections
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lower than that of the core portions. And, portions of the core layer other than where
the core portions are located and also the cladding layers are formed as a cladding portion
whose refractive index is lower than that of the core portion. And, the optical
waveguide forming body has the internal air cladding portion where the air layers are

15  secured by trenches that are formed extending in the longitudinal direction of the core
portion in locations facing the core portion of either one or both of the cladding layers on
both sides of the core layer.

A tenth embodiment of the present invention is the electronic apparatus

according to the ninth embodiment where the core layer of the optical waveguide

20  forming body has a cyclic olefin-based resin as the primary material thereof, and the core
portion is formed by the irradiation of active energy light rays or electron beams onto
portions of a core layer laminated body that is formed by a resin composition whose
refractive index is changed by the irradiation thereon of active energy light rays or
electron beams, or by the application thereto of heat.

25 An eleventh embodiment of the present invention is a cellular phone that serves



A ninth enbodi ment of the present invention is the electronic
apparatus according to the first enbodi nent where the opti cal
wavegui de form ng body has a core |ayer, where either one or a
plurality of core portions that are placed besi de each other in 10
parallel rows are formed between a pair? of cladding | ayers whose

refractive e han that f the rti,o
portions O@Eﬂ%gﬁ@%@gc? Eﬂa S%ﬁmﬂmghan Wﬁgfg ﬁgggﬁfggl%P@iBﬁQHET@m'

| ocated and al so th Ia di.n rs are. formed a cl addj ng portion
whose refractive nggﬁ °¢8&E{%¥E%W3FﬂﬁPngmP ﬁ%&@' %ﬂ?ﬁ@ And,
the optical wayeg U|de form ng body has the internal air claddlng
portion whéFf¥! eﬁéﬂ & Flegteppic apparails 115% B et beyly op erhighedeciranie cgmponents
formed extending in the longitudinal direction of the core portion in
| ocat i ons RECPMNted andpyesobady dipt givotsior plides stetively te dhefireffbodpigo as to

cl adding | ayers on both sides of the core |ayer. A tenth
enmbodi ment sgie ahesigirad senstthdt ngraetts tagethsr thhéirse bedyt andrihaseapldrody.usThe
according to the ninth enbodi nrent where the core |ayer of the optical
wavegui de 2@kibrermablg hboalyorhias] veaveydle formingfbiody hase dnade st resiasind Bdlexible
primary material thereof, and the core portion is forned by the

i rradi ati oandfs fagiddve a @alesigye bt ghifieat ehage.OrAR], eRtopetnl heasEid¥ fofining
portions of a core layer |anminated body that is formed by a resin

conposi ti OBoREEa ERE 1361 WiSe Eilde¥nd & GHARBC BTN oREpdrlidrRdF alid @Jﬁcal
t hereon of active energy light rays or electron beans, or by the
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invention is a cellular phone t hat serves he el ectronic

appar ag s %&%@Eﬂib p&r Biﬂclﬁ@(rﬁ] 9 gyaﬁln%baf)ﬁﬁo t\xﬂ{eﬂz id§ Bk the core layer i s

enbodi nent esent | nvention
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body that ?éf}/a% ive 1(1)1cr1ex8\!v 1dl?ic'é lcrngelzr 1an tﬁatyof tthoe c%lheepofﬂ!ltgnsst an% an 1ntemalaa1r c]addmg
portion that is located in a center portion in the longitudinal direction of the optical
waveguide forming body, and where air layers that are in contact with the core portions
15  are secured by trenches that are formed extending in the longitudinal direction of the core
portions in locations facing the core portion of the cladding layers.

A thirteenth embodiment of the present invention is the flexible cable according
to the twelfth embodiment where there is further provided a belt-shaped flexible wiring
substrate that extends along the length of the optical waveguide forming body and is

20 bonded to the optical waveguide forming body.

A fourteenth embodiment of the present invention is the flexible cable according
to the thirteenth embodiment, where the flexible wiring substrate has an electrically
non-conductive base film, and a conductor layer that is provided on one surface of this

base film. And, the conductor layer is bonded to the optical waveguide forming body

25  so as to be on the opposite side thereof from the optical waveguide forming body



5serve as a signal wire that connects together the first body and the
second body. The flexible cable has an optical wavegui de form ng body
that is nade of resin and is flexible and is fornmed in a belt shape
or a linear shape. And, the optical waveguide form ng body has: a
core | ayer where either one or a plurallPty of the core portions of
this optical wavequjde faqrm ng body that are placed beside each ot her
in paralIeFmF%ﬂg“%%%wgﬁ?ﬁgW'10betmeen a pair of cladding |ayers; a

cl addi ng portion ere portions of the core | ayer other than where
the core portioné tegth EhpUmerR] tha REsefbaveItRhal the 1P cablf agrrding
refractive index which is |ower than that of the core portions; and
an i nt er nalto & thigpendyembpdiaent; where thattlexibly cablethag conmegors dhpt ave lpgsfadiabn
in the longitudinal direction of the optical wavegui de form ng body,
and wher e &pth andydereof frahthataee ysad oneaie eptist donn¢psionoletwerarthe epiisall Sar e
secured by trenches that are forned extending in the |ongitudinal
directi 6n elentehts proridedio the ebaegronin apmeatd oxishd e@icalgvaveeguidofoempgriodpn

of the cladding | ayers. A thirteenth enbodi nent of the present
i nventi on iagd tdeedtd elxéthita combtitonadewieei thg eleotrbtie cironits bidvidetodie ment
where there is further provided a belt-shaped flexible wiring
substrate thefofXhfiAcBusting Mt Johud:ion eikdnitbridieoyaRt béalictvel PG o 4
form ng body and is 20 bonded to the optical wavegui de form ng body.

A fourteenquﬁﬁppg%ggmkugglthe present invention is the flexible
cabl e according to the thirteenth enbodi ment, where the flexible

Wi ring substrat eslfg.afh SlRahidntaf thy 81%9&11 gd&?ﬁltl'rﬁﬁtiis, %tfﬁ%?e Jabferﬁkfcﬁﬁgga

conductor layer that 1s provided on one s ace o I's base

And, 1 hg C?&@%g&@‘é&e%tﬁ)é%ghi%lﬁgggggg tﬁeo%éé!i‘[ﬁﬁﬁ??otlé ?a%:(cox‘&‘é@ Utihgteatré f%rc{ﬂecﬁ‘%

body 25so as e si ereo romthe optica

id i bod dwi, chi t fil A
FCountr SRR Ro e s SRS e antfee R e bhBervesm s i) o
di to the thirt t h. enbaodi t, the fl i bl bl h
ot 03 et are i e SoRE APPSR TRHAS oLy ot PEPBALOER © o

create optical connections between the optical . . . ) .
and to create electrical connections between the electronic circuits provided in the

electronic apparatus and the conductive circuit formed by the conductor layer of the
15  flexible wiring substrate.

A seventeenth embodiment of the present invention 1s a method of
manufacturing an optical waveguide forming body that is made of resin and is flexible
and is formed in a belt shape or a linear shape, and that has a core layer having either one
or a plurality of core portions between a pair of cladding layers, a cladding portion where

20 the refractive index of portions of the core layer other than the core portions and of the
cladding layers is lower than that of the core portions, and an internal air cladding portion
that 1s located in a center portion in the longitudinal direction of the optical waveguide
forming body, and where air layers that are in contact with the core portions are secured
by trenches that are formed in locations facing the core portions of the pair of cladding

25  layers. The method of manufacturing an optical waveguide forming body includes: a



5el ements provided in the el ectronic apparatus and the opti cal
wavegui de form ng body, and to create el ectrical connections between
the electronic circuits provided in the el ectronic apparatus and the
conductive circuit formed by the conductor |ayer of the flexible

Wi ring substrate. A sixteenth enbodinedt of the present invention is
the flexible cable accordin Ot e fourt enbo L ment, where
the {1 exi bFEdHBF PrRAL S ragtet ‘HHE‘“ leblight Bahegn a2 %ﬁ‘tdrPné%lb%ﬂonS

t hereof and that are used to create optical cagnnections between the
optical el &hkRPTE 13yeblpraatipy fHim nateral dhat cominips apshphotracid genorriBggpentcal
wavegui de form ng body, and to create electrical connections between
the el ect r it is acfivated Rysthp irendliatien thereonted ulsiawioter Gehtend generatesrn agiddn e he
conductive circuit formed by the conductor |ayer of the 15flexible

Wi ring subgtlyatehaving a mainghgieved t éering genvpdiht bremthes fofftthie npirechain, the
invention is a method of manufacturing an optical wavegui de form ng
body théat kercimde fohati@shiln aawrialds hdagedisblag toadrehtd s réfactimedndax dffdrelde
shape or a linear shape, and that has a core |ayer having either one
or a pl ur abbtimtc®frraddedd 4pak bf M SoRGhwe Bitmatifaikte0f] vieaddirfgol Aly@E Sras &
cl addi ng portion where 20the refractive index of portions of the core

layer ot hefrddhadd 4ddgoaSF81ined hief\erdbtvinhe LiR8vicleptidh: Ras h@f)i?rﬁcﬁatbé and
| ower than that of the core portions, and an internal air cladding

portion thaf,dg ats%ateqﬂe Ldde @ageefahﬁtnoﬂ%atttrgtl Adthtﬂaey tgagﬁ th&!Clird Pdly r of

direction of the optical wavéguide formng o Y, ere alr ayers

that are i

that are f &e%%ﬂttﬁtﬁ‘% ik AR RO, Aok AiRa fod O%H&E%s@ft bRREIRD
claddln 2 nu tica equi de
For m ng? oyl iallF Ry fe‘lfmla’ﬂ%tlalftﬂ LS oSl e B 6,
ul traviol et en i.rradiat nt o ortlons of a care | aye

For mat i o' PifdS tsreh Fa Cari OrEBRbE ﬁgﬂ Shap? B agneieEel et Gotithcs sserniy
agent that js activated by the irradiation thereon of ultraviolet

|i ght and a@ﬁe PSSR necisan i at dapd Aifireent hAUPHED BaREI WREReBrra

| eaving group that branches off this main chain, the 5 core |ayer

f ormati on fllafﬁﬁ thefiest pagto-peid gengraineggeniand thatis agiivated bydhe imadiatien | ndex
di fference between irradi ated areas of the core |layer formation

mat eri al wHeresn@if vltrayiolstt bghtlang genoyaies 4nracildh awelymenbaviege polymedicagrenp
areas thereof where ultraviolet |ight was not irradi ated, and so as
t o al sd5 cursgh¢rhwceoropressiaytandédbonrabotb nidenofahe edre byelr, sdbpedtmateniabl e t he
core layer of the optical waveguide form ng body to be obtained; a

t her noconpiaassatedhbduiynddaap f €12 core layer and the cladding layer formation film material

is obtained; and a cladding formation step where, after ultraviolet light having a

wavelength that includes the absorption maximum wavelength of the second photo-acid

generating agent but does not include the absorption maximum wavelength of the first

20 photo-acid generating agent has been irradiated onto the material laminated body, the
material laminated body is heated so that the cladding layer formation film material is
cured and the cladding layers are obtained.
An eighteenth embodiment of the present invention is the method of

.manufacturing an optical waveguide forming body according to the seventeenth

25  embodiment, where in the thermocompression bonding step, a varnish that contains the



10 where a cladding layer formation filmmaterial that has the
trenches are formed on one surface thereof and that is fornmed in a
filmshape froma material that contains a second photo-acid
generating agent that has a different absorption nmaxi rum wavel ength
fromthat of the first photo-acid genenating agent and that is
activated by the irradiation thereon of ultraviolet |ight and

gener at es ahddiog thyenfoamgoinymaserish ionigd antosl Heaihls wirpesupsirasise as to form

t her noconpr essi on bonded onto both sides of the core |layer, so that a
mat eri al | and diaddeg; lbed formaden film mftetibleaiothis cladjieg lgrdfdnhetian faddi ng

| ayer formation filmmaterial is obtained; and a cladding formation
st ep wher e maddriaéindd dep@uicBl @inuficged t1addimnglager\Sorvieakion §ir niahuaial amiaheides
t he absorption maxi num wavel ength of the second photo-acid generating

agent but ¢gRYayeehreinfihdlNSarhiittcd REOMBIQROMPERSHGA BoMRY edgefhgt. h of the
first 20 photo-acid generating agent has been irradi ated onto the

materi ak | am nat gq)iRadn hbSdRhe6H (RE pleddit BRESHNROMY nicthdarat ed so
that the cladding layer formation filmmaterial is cured and the

cl addi N | Qygr8eAlie APLAINRT 2y BRIE LIRBAND oLIRAML IRAL Qbnitlify PT eSEN!

invention is e ne actu g- an opt wavegui de

t her maonpPERET BebsRar HE FebyT SL G SR el FR B Sk ke Ag0R, R 1
substrate 28vaer PHOR seiieREE Hibi] TR e RO PR RLE BPI
Tanuf act ur ed. ol aBd ARSI A MR NEREHS Be B0 Ho cor

| ayer are nmutually | am nated and thernoconpression-bonded together.
5A ni ndfeemaruieaoag A prtical wiwguide Eyming hody aprording fosths sightsetthod of
manuf acturing an optical wavegui de form ng body according to the
sevent eent kmbatiogintrsherethepdymeref i spreleyeffomméon Hime maggyiak arddmiea i on
filmmaterial and/or the polynmer of the cladding |ayer formation film
mat eri al ampelynar bHire nkdiiag &g epblyatendilmAnitevh tieaptbosrhodased polyofers. he
present invention is the nethod of 10 manufacturing an opti cal
wavegui de for m ng thetly-fagembdiingnt ¢ thdy@eenginyeaioh fis the flexible cable

according to the twelfth embodiment, where the flexible cable is equipped with an optical

15  waveguide forming body manufactured using the method of manufacturing an optical
waveguide forming body according to the seventeenth embodiment.

A twenty-second embodiment of the present invention is the electronic apparatus
according to the first embodiment, where the flexible cable is the flexible cable according
to the twenty-first embodiment.

20 A twenty-third embodiment of the present invention is an optical waveguide
forming body that is made of resin and is flexible and is formed in a belt shape or a linear
shape, and includes: a core portion that extends in the longitudinal direction of the optical
waveguide forming body; a cladding portion whose refractive index is lower than that of

the core portion; and an internal air cladding portion that has an internal air layer that is

25  in contact with the core portion and extends in the longitudinal direction of this core



enbodi nrent, where the polyner of the core layer formation film
material and/or the polynmer of the cladding |ayer formation film

mat eri al are norbonene-based polyners. A twenty-first enbodi nent of
the present invention is the flexible cable according to the twelfth
enbodi nent, where the flexible cable i§3equipped with an optical 15

wavegui de fornlng d act ured.usi thod of manuf r|ng
an opti cal P aﬁ%guﬁa@ tﬁ%&ﬁﬂ%@w AT HE® See R e el
enbodi nment . went y- second enbodi nent, of the present

i nvention i°5the H@feé’loét&nﬁéw are phsed hesisle caelvtherimmgarelel rowes, png e air layers
enbodi ment, where the flexible cable is the flexible cable according
to the t \Neﬁteyprewl%ﬁ indbgygtermab pir cladding powian ye ab bel ok thssarsieunperentia
present invention is an optical wavegui de form ng body that is nade
of resin andeiofthiceseidorteonawtbnibending defdrmation idrppliedsth dlpeopticalavdvepade
shape, and includes: a core portion that extends in the |ongitudinal
di recti 6n dodrmtikgebaalyt i cal wavegui de form ng body; a cladding portion
whose refractive index is |ower than that of the core portion; and an
i nternal aiEffetsaddhaigvaaiohj on that has an internal air layer that is
25in contact with the core portion and extends in the | ongitudi nal
direction qfoobpis core 13 portion. And, the cladding portion is
internally provided with either one or a plurality of the core

portions that arg.:Bldad t%éc@%mi@%ﬁﬁhr%@ﬁ{d deﬂulggﬁh%h!a 8t the ?Y@ent dndidie

air layers are provided in the internal air cladding portion so as fo

be on the SikEboSit UMb RIAREQlneL . GRCuRRT b8 MHERCPERA N

defornatlon 'S wavegul

[Eff eC 8n§mg| u?lao%ll c]h eL(BQr e%%%s bendin 'r?ﬁﬁr?e{tgng a resul& hF theI ecg}r)?n |8§|

apparatus an one o prese Inventron, In
V|ded

wavegui de formn le cab e,.an a e S. pr
'n a 10 defFRPAL @f@fﬁﬁaﬁt%ﬁ% Oé'mmeéﬁeagt%ﬂa’lﬂeaga)éwwm
result of the, aneﬂent of secogg ﬁ relatlve to a first bod
(either a BPUGH HgNisATdeEPIrgMbIPeneEn Py theoHig: tirumygental §Hc of 2 P ¢ hgp ¢
| ayer becones | ocated on the outer circunferential side of a core
when t he dérsiEfrmiesseinomndergarsrhsadias Befaamaiigndepor raplt ehthisalf ispasaiblgl t

of this, it is possible
to secure sufficient flexibility, and to also improve the folding endurance of the core

15  portion. Accordingly, as a result of the folding endurance of the optical waveguide
forming body in response to repeated bending being improved, it is possible to ensure a
satisfactory folding endurance for practical applications in the optical waveguide forming
body. Moreover, it is possible to inhibit optical loss even when bending deformation is
applied to the optical waveguide forming body of the flexible cable by the relative

20 movement of the second body relative to the first body, and high-speed, large-capacity
transmissions can be achieved.

[0010]
Moreover, the structure of the flexible cable of the present invention is a simple
one. In addition, by employing the manufacturing method for an optical waveguide

25  forming body of the present invention, it is possible to obtain the optical waveguide



to secure sufficient fdexibility, and to also inprove the folding
endurance of the core 15portion. Accordingly, as a result of the
fol di ng endurance of the optical wavegui de form ng body in response
to repeated bending being inproved, it is possible to ensure a
satisfactory fol ding endurance for prad#ical applications in the
optical wavegui d ormn dy. Mreover, it is possible to inhibit
optical | ogg‘g@Q%ﬁO‘INf@ﬁhﬂotgﬁ’fgﬁﬁéb&?aé mqr%llf"’Y'EOS&ppl ied to the optical
wavegui de form ng body of the flexible cable by the relative
20movenent of the second body relative to the first body, and

hi gh- speed, |arge-capacity transm ssions can be achi eved. [0010]
Moreover, the structure of the flexible cable of the present
invention is a sinple one. In addition, by enploying the

manuf act ur i[Bgehdesdrgpdion of thadraspogstal wavegui de 25f orm ng body of the
present invention, it is possible to obtain the optical waveguide 14
form ngsbodgoldf the flexible cable easily and at | owcost. [Brief
description of the draw ngs] 5[0011] [FIG 1] FIG 1 is a

perspective vi eWHGOWRIQ. Bis@§letsptdive Ra@oringa deitilat pionboti arnat of
t he present invention. FIG 2A] FIG 2A is a view showing a

rel ati onshiggBEWRESF (Be flebdtinhetiRAr d i nside a first body and a
circuit board inside a second body of the cellular phone shown 10in

FIG 1 and a fl eyl QSA]C@@! A b a Few sRoviADh Eerdilohlifflbiiveth 2cfQAMBEOT)

used for transmttin

inside a first body and a circuit board inside a second body of the cellular phone shown
10 in FIG. 1 and a flexible cable (i.e., a cable fitted with a connector) used for transmitting
signals.

[FIG. 2B] FIG. 2B is a view showing a relationship between a circuit board
inside a first body and a circuit board inside a second body in the cellular phone shown in
FIG. 1 and a fiexible cable (i.e., a cable fitted with a connector) used for transmitting

15  signals.

[FIG. 3] FIG. 3 is a cross-sectional view showing the structure (i.e., the structure
of a cross-section extending in the longitudinal direction of the optical waveguide
forming body) of an optical waveguide forming body of the flexible cable of the cellular
phone shown in FIG. 1.

20 [FIG. 4] FIG. 4 is a cross-sectional perspective view showing the structure of the
optical waveguide forming body shown in FIG. 3.

[FIG. 5] FIG. 5 is an enlarged cross-sectional view showing a state where
bending deformation has been applied to a deforming section of the optical waveguide
forming body shown in FIG. 3.

25 [FIG. 6] FIG. 6 is a side view showing a state where the second body of the



si gnal s. % [FIG 2B] FIG 2B is a view showing a rel ationship
between a circuit board inside a first body and a circuit board

i nside a second body in the cellular phone shown in FIG 1 and a
flexible cable (i.e., a cable fitted with a connector) used for
transmtting 15signals. [FIG 3} FIG 3 is a cross-sectional

vi ew show n he strycture (i.e., the structure.of Cross-section
ext endi ng icguuh?fé’hf"b%%ﬁofvﬂd’i" ﬁ% 13‘?$}é‘?§flisglﬁ aganstile 158t 599%  wavegui de
form ng body) of an optical waveguide form ng baody of the flexible
cabl e of the cel FEPaAIFHENE SR illystating an exaglepighe pethedef 4 js a
cross-sectional perspective view show ng the structure of the optical
wavegui de fsipiapyrinsey opheahiyayeguedomang body shown iHf1G, 351 FIG 5 is an
enl arged cross-sectional view show ng a state where bendi ng

def or mati on has [FéerVBdgiphi disagricw dlaftoating Ay examgrlé ofthometheé obpt i cal
wavegui de form ng body shown in FIG 3. 25[FIG 6] FIG 6 is a side
Vi ew shbow mgnefastiabetheloetial tvihecesale dothibobydychowhé FIGG3.cel | ul ar phone
shown in FIG 1 has been shut against the first body. [FI G

7TA] FIG 7A is aNGEM]IFIGURT & atvicwgillastrang ap keangfle dBe Althbadr of
manuf acturing the optical wavegui de formng body showmn in FIG 3.

[FIG 7B] hafufadBrihGthd opti@wialdouffe feviRgbaty sR¥wAR @GO3, t he nethod of
5 manufacturing the optical wavegui de form ng body shown in FIG 3.

FIG 7C FIG 7 i il i t hod of
[ ] F16:S7TR GEW kM@Mﬁ%ﬁﬁ&ﬁﬂ egagg@mbﬁheﬁnema@ega 9

manuf acturing the optical wavegui de tformng shown 1 n

manufacturing the optical waveguide forming body shown in FIG, 3.
10 [FIG. 7E] FIG. 7E is a view illustrating an example of the method of
manufacturing the optical wavegunide forming body shown in FIG. 3.
[FIG. 7F] FIG. 7F is a view illustrating an example of the method of
manufacturing the optical waveguide forming body shown in FIG. 3.
[FIG. 8] FIG. 8 is a view showing an example of the photo-absorption
15 characteristics of a first photo-acid generator and a second photo-acid generator used in
the manufacturing method illustrated in FIG. 7, and illustrates cases where a photo-acid
generator having an absorption maximum wavelength in the range of 150 nm to 300 nm
is selected for the first photo-acid generator, and a photo-acid generator having an
absorption maximum wavelength in the vicinity of 365 nm (I-rays) is selected for the
20  second photo-acid generator.
[FIG. 9] FIG. 9 is a view showing the spectral distribution of output light from a
high-pressure mercury lamp (or from a metal halide lamp).
[FIG. 10A] FIG. 10A is a view showing a relationship between a circuit board
inside a first body and a circuit board inside a second body of a cellular phone according

25  to asecond embodiment of the present invention and a flexible cable (i.e., a cable fitted



[FIG 7D FIG 7Dis a view«llustrating an exanple of the method of
manuf acturi ng the optical wavegui de form ng body showmn in FIG 3.
10[FIG 7E] FIG 7E is a viewillustrating an exanple of the nethod
of manufacturing the optical wavegui de form ng body shown in FIG 3.
[FIG 7F] FIG 7F is a viewillustrating an exanple of the method of
manuf acturing the optical, wavequi de form ng body shown in FIG 3.
[FIG 8] Flvﬁgl%cqnge oh Pﬁf\ﬂ/fgrﬁ{)%%ﬁ&“%“%@?g;rml e of the photo-absorption
15characteristics _of a first photo-acid generator and a second

phot o- aci d gener HilGr 1 QR &dC; 1§B1ma viegmbp g Flagorrkipsevsep asdeviabead i n
FIG 7, and illustrates cases where a photo-acid generator having an
absor pt i on ipde aiins hosy @ndpagirenit beardgsidamspsond balsye! awellWarahonsacpigling
selected for the first photo-acid generator, and a photo-acid

gener at or havsevgndembdikoegtof dre presgntmovantien sidentigdible natlh@.ev r cabie figtedf
365 nm (l-rays) is selected for the 20second photo-acid generator.

[ FI G 9F FIwaih Hcongecdory hed feeamsmitindwgmppect ral di stri buti on of out put
light froma high-pressure nercury lanp (or froma netal halide

| anp) . [ HIG 11104, 1fFli$a crddsetSondl View WhShiaykirGtraciiel (aé.i @eshi p
between a circuit board inside a first body and a circuit board

insi de a se&RAGkcROHYrRi-sitisebtbthdty BRIRNBnARARE ARG S bOhe cHRCRN) of
a

enbodi ment of the present invention and a flexible cable (i.e.,

cabl e Tittegl cadf} via} Br 2EAHR %&lﬂQﬁQed%ﬁn@ cf:lfﬂhaﬁﬂh@@i%& b8 Bl RSent of

[FIG 10B] FIG 10Bis a view showmng a relation etween a circuit

board i nsi W y and a circuit board inside a second body of
a cellular q%h‘%ﬁ%hg%%%nlrﬁg?hg to a second enbodi nent of the present

I nvent ian and a [Pllgxle? %?Gcﬁ% £ cxfoiss'-seebfionaal I(J:e%gp!egti\];ei \}iév&? ghowing the structure of
the cable body shown in FIG. 11. |
[FIG. 13] FIG. 13 is an enlarged cross-sectional view showing a state where
bending deformation has been applied to a deforming section of the cable body shown in
FIG. 11.
15 [FIG. 14] FIG. 14 is a perspective view showing a cellular phone according to a
third embodiment of the present invention.
[FIG. 15] FIG. 15 is an en]argéd perspective view showing the vicinity of a
deforming section of the cable body of a flexible cable in the cellular phone shown in
FIG. 14.
20 [FIG. 16A] FIG. 16A is an overall perspective view showing a cellular phone
according to a fifth embodiment of the present invention.
[FIG. 16B] FIG. 16B is a cross-sectional view showing the internal structure of a
cellular phone according to a fifth embodiment of the present invention.
[FIG. 16C] FIG. 16C is a view showing the cellular phone of the fifth

25  embodiment of the present invention, and it is a perspective view showing a relationship



5with a connector) wsed for transmtting signals. [FIG 11]
FIG 11 is a cross-sectional view showng the structure (i.e., the
structure of a cross-section extending in the |ongitudinal direction
of the cable body) of the cable body of a flexible cable used in the
cel lul ar phone of the second enbodi mentl7of the present invention.
10[FIG 12] FIG .12 is a cross-sectional perspective view show ng the
structure OFtYHR ﬂ'{?é’HF'é‘tE Oé{ﬁﬁ)\%ﬁt {’?Fymnéthelcﬂcmt board of the segond Bodypnd,

13 is an enl arged cross-sectional view showing a state where bendi ng
def or mat i o B&Eieeablappl i ed to a deforning section of the cable body
shown in FIG 11. 15[FIG 14] FIG 14 is a perspective View show ng a
cel lul ar phone abBdtr FMFLEd 74 is hiview i@ndadhgrthntmeagfuretent of sksated loss

i nvention. [FIG 15] FIG 15 is an enlarged perspective view
showi ng t healmecionk test gplecianed of tempticyl seedguate faimitgbodyaliEzatpldy offthea
flexible cable in the cellular phone shown in FIG 14. 20[FIG 16A]
FIG 16A i praentévenddd andaospesitpiace of Cempabiin axgmpledehdddhatvs plogdevhere
according to a fifth enbodi nent of the present invention.

[FI G 16B] tiid freask@BeitSofdn®E06F08:00hicd Rdleréhad $RWhOstfi®eidihannal
structure of a cellular phone according to a fifth enbodi nent of the

present i n\éﬁﬁ?gﬁ@@sm&?_@is 3&8Gnff! G 16C is a view showi ng the cellular
phone of the fifth 25enbodi nent of the present invention, and it is a

e St Ve RGBSRk o
flexible C%Qﬂu@s for a test specimen of the optical waveguide forming body of Example 1 of the

10 present invention and for a test piece of Comparative example 1, and shows a case where
the measurement of increased loss values is performed when the test piece has undergone
bending deformation.

[FIG. 18] FIG. 18 is a graph showing the results obtained from the measurements
of the increased loss values shown in FIG. 17.

15 {FIG. 19A] FIG. 19A is a view showing a testing apparatus that is used to
perform a repeated bending test on a test piece of the cable body of Example 2 of the
present invention, and shows an example of the position of a movable metal plate relative
to a fixed metal plate.

[FIG. 19B] FIG. 19B is a view showing a testing apparatus that is used to

20 perform a repeated bending test on a test piece of the cable body of Example 2 of the
present invention, and shows another example of the position of a movable metal plate
relative to a fixed metal plate.

[FIG. 20A] FIG. 20A is a view showing the mounting orientation of a test piece
for the repeated bending testing apparatus shown in FIGS. 19A and 19B, and shows a

25  casc where the optical waveguide forming body has been positioned so as to face an



[FIG 17A] FIG 17A is a viewilluystrating the neasurenent of

i ncreased | oss values for a test specinen of the optical wavegui de
form ng body of Exanple 1 of the 5Spresent invention and for a test

pi ece of Conparative exanple 1, and shows a case where the
nmeasurenent of increased | oss values id8perforned while the test
piece is in an elongated state (i.e., is not bent) FIG 17B]
FI G 17B i dongr girwferentiad sidg of s ECtible wispsbatasin aobenﬂﬁelft@agé e|tggggiece.
val ues for a test specinen of the optical waveguide formng body of
Exanpl e 1 of t he[FIGR0B] &8 ?0Biiny eiewisbpwmgdhd wpurding @sientpiaicd adggst piece
Conparative exanple 1, and shows a case where the neasurenent of

i ncreased [fgke m@baleisbeinﬂingeersﬁog ampdramseshovh e FIES: 1 ph ekl S sndistibersgone
bendi ng def ornmati on. [FIG 18] FIG 18 is a graph showi ng the
resul ts obtcaderetdrd tho optidabwhwaside Sreiigbadly hadhieech posidasddo hosfasadnues
shown in FIG 17. 15[FIG 19A] FIG 19A is a view showing a testing

appar at §s ofRf cikdinifsrRkidl Qidp of 4 flENTbIe vsﬁﬁ@aeaﬂaetebt@ﬁlrmdﬂe pbRidh oPthe dest Siste.
pi ece of the cable body of Exanple of the present invention, and

shows an exppgl; lﬁoﬁtﬁ@Rmhgé%&gls}a movabl e netal plate relative to
a fixed netal p ate. [FIG 19B] FIG 19B is a view showi ng a testing

appar at us t[ IS used to 20 performa repeated bending test on a
test piece of !he cabl e body of Exanple 2 of the present invention,

and shows anot he n no net l,at e

relative to a fi i(%gﬁgnfdff 18{3 r}’eell%?pﬁong Plrll?ﬁ E%%]b%lq?' ﬁét)ﬁl?‘s ‘a
Vi ew shovm th un ati . est rt

epent od batsihgeRRet g Tisrr et Radh itiapeRetin LK Hiieeumsn
shows a 250ase where the opti cal mave ui de body has e

posi ti dRed "€65%s ! f{) gney rc%’é‘e‘?%gé’ro 0y cﬁiﬁoept]:%?tf%e P)éft’d’@ OEE&QA"'
flexible wiring substrate in a _bend portion of the test glece [FI G

20B] FIG 2emnddody.yildh KHéwi r@rwﬁé%@unﬂ%g Gpiicahelampy{hsto éFCFIétg’E

i ece
P element), 123 ... Engagement recess, 124 ... Connector connecting portion, 125 ...

Electrode portion, 13 ... Hinge portion, 13a ... Pivot shaft, 20, 20A ... Flexible cable,
21, 21" ... Optical waveguide forming body, 2la... Core portion, 21b ... Cladding
15 portion, 21bi ... Outer circumferential side bend portion, 2lc ... Air layef, 21cl
First air layer, 21c2 ... Second air layer, 21d ... Air cladding internal portion, 2le
.. Trenches, 21f... Center portion, 21H ... Deforming section, 211,211°... Core
layer, 212,212’ ... Cladding layer, 213,213 ... Cladding layer, 22, 22A,22B ...
Connector, 23 ... Flexible wiring substrate, 231 ... Base film, 232 ... Conductor layer,
20 232a ... Conductor circuit, 24 ... Cable body, 24H, 24H1 ... Deforming section,
24W ... Bent portion, 25, 25A, 25B ... Connector, 251 ... Connecting terminal,
252 ... Energizing contact component, 31 ... Core layer formation film material, 32
.. Photomask, 32a ... (Photomask) Aperture, 33A ... First ultraviolet light, 33B ...
Second ultraviolet light, 34 ... Cladding layer formation film material, 35 ... Material

25  laminated body, 36 ... wavelength cut filter, 38 ... Laser, 51... Firstbody, 52 ...



for the repeated bending-:testing apparatus shown in FIGS. 19A and

| 9B, and shows a case where the optical wavegui de form ng body has

been positioned so as to face an 5outer circunferential side of a

flexible wiring substrate in a bend portion of the test piece.

[ Description of the Reference Nuneral s]19[0012 10, 10A, 10B,

10C ... Cel] ul o] 11, 111A ... Crcuit

board, 112 Secon%(‘i?ﬁ ﬁ’letiﬂ’éﬁtﬁ?ﬁﬂ’gh 21emqlf‘i‘lﬁé0 ement), 113 ...

Engagenent 10recess, 114 ... Connector connecting portion, 115 ...

El ectrode portion, 12, 12A ... Second body, 121, 121A ... Grcuit

board, 122 ... tical element (Phot o receptor el errent) 123 ...

Engagenent [Best Egwodipeats for Implsmragng thedwyendenli ng portion, 125 ...

El ectrode portion, 13 ... Hinge portion, 13a ... Pivot shaft, 20, 20A
Fl exi bl[@18hbl e, 21, 21' ... Optical wavegui de forming body, 2la

... Core portion, 21b ... Cdadding 15 portion, 21bl ... CQuter

circunférenti al Emtedilmemd ofthe tprasent idEation willAiow beadeeeribed bidth réferegiée ai r

| ayer, 21c2 ... Second air layer, 21d ... Air cladding internal

portion, 2%wdetothddemahgs, 21f ... Center portion, 21H ... Deform ng

section, 211, 211' ... Core layer, 212, 212' ... Cadding |ayer, 213,

213" ... Cl(mjd] ng | ayer, 22, 22A, 22B ... Connector, 23 ... Flexible

W ring substrate 231 ... Base film 232 ... Conductor layer, 20

232a ... Cmgytlgltn%dlﬁlleﬁ uit, 24 ... Cable body, 24H, 24H1 ...

Def orm ng secti on, .. Bent portion, 25, 25A, 25B ... Connector,

251 ... Connecti I; onent, 31

... Core layer figlr ngﬁg?ﬁpﬁ?oﬁt%ﬁnéttgﬂhgﬁp&ég 1ﬂeﬁﬁo \gﬁltb%k es‘%%%)

(Phot onpsk) Aper ul.travi,o Second

ultrav iqgl et |i gh]%lkljr 2215 3§er$p&? tw&'d’ it me 2 (fenlLJ t’%’ﬁ%“ﬁ@ﬂﬁf eé}rlinglas 15
PLEATIEEEOT e s TN
P(r)l\éll ;gt i gﬁ]l re'[lz'ﬁiﬁlg]ip %gtlu;[eelp e(t) gli‘cqut b[ogl%sltll I?nrgPd%%I ﬁr}“'s?tnl}oﬁy f1 ?zmd zmlrc%ﬁgggdqgl the
inside a second body 12 in the cellular phone 10 and a flexible cable 20 (i.e., a
connector-fitted cable) used for transmitting signals. FIG. 3 is a cross-sectional view
15  showing the structure of an optical waveguide forming body 21 (i.e., the structure of a
cross-section extending in the longitudinal direction of the optical waveguide forming
body 21} of the flexible cable 20. FIG. 4 is a cross-sectional perspective view showing
the structure of the optical waveguide forming body 21. FIG. 5 is a cross-sectional view
showing a state where bending deformation has been applied to a deforming section 21a
20 of the optical waveguide forming body 21.
[0015]
As is shown in FIG. 1, the cellular phone 10 is a folding type of cellular phone.
The cellular phone 10 includes a first body 11, and a second body 12 which is pivotably

joined via a hinge portion 13 (i.e., a pivot portion) to the first body 11. In addition, this

25  cellular phone 10 also includes a flexible cable 20 that is used to transmit signals



5Enbodi ments of the present invention will now be described with
reference made to the drawi ngs. [0014] (First enbodinent) Firstly, a
first enbodi mnent of the present invention will be described. 10FIG 1
is a perspective view showi ng a cellular phone 10 which is serving as
the el ectronic apparatus according to he present invention FI GS. 2A
and 2B show a rel atjonship between a circuit_boar I nside a
first body Petwveshihedirgtibody, E% anglyhe speqnd badydlize e The E@%lﬁaah}%a‘;ﬂsmaqeﬂp@ﬁé
cel lular phone 10 and a flexible cable 20 (i.e., a connector-fitted
cabl e) usedlegible, belaphantd entisgl wavgaaflsforming body Pk manefpetursd o systhgtic

vi ew 15showi ng the structure of an optical waveguide form ng body 21
(i.e., therssinm aod compegbrs 22 trap ss-agediei onbak tmisdn tg longitndisall dmegiianuaditinal
direction of the optical waveguide form ng body 21) of the flexible
cabl e 20. Pbpfial daveualedomssg Baytilonal perspective view show ng the
structure of the optical waveguide formng body 21. FIG 5 is a
cross-sectij@nal view show ng a state where bending deformation has
been applied to a deform ng section 21la 20 of the optical wavegui de

form ng body 21.1d#@18]the symbol 1Sis b pivohenan fbﬂm%ﬁ‘art 35 thd RifgEHortibh &3
phone 10 is a folding type of cellular phone e cel lul ar phone 10

i ncl udes a i EﬁM@iizx/al%%op#@ng :?10%%&&% m%es%%ref\%}bﬁh & mex@&pmwu

j oi ned V|a I nge porti , pl vot po |on to t I rst

body 11. %?&{H{ﬁj{ ? E Hlaésnﬁéégyléijo ongqgna% alﬁ?enﬁ% %é) ab@g ltryilgjs%ﬁss?on Eﬁld

flexible ca i's use ansm t between t

first body 11 and.th cond.bgdy .12. T 4 b e 20 i
up of a 11 SERRE CI%Hﬁ{no?ﬁ%O&na WG OJ.E%%HQ BpP s mongbSy T

et aghur s LT Y eLlc L1y 200, connectone 22 ATl g
wavegui de fcggur}:: Qnga ct:)u(')c?,l%: b%g'rd 111 (see FIGS. 2A and 2B) which is housed in an outer casing
110 of the first body 11. Moreover, a switching circuit which is switched by a pressing
of the input operation buttons 14 is also connected to the circuit board 111.
[0017]
15 The second body 12 is able to open and close freely relatively to the first body
11 by pivoting around the pivot shaft 13a of the hinge portion 13, and can be pivoted
from being closed against the first body 11 to approximately 150 to 180 degrees. The
symbol 17 is a display unit which is provided in the second body 12 and which has a
display screen which is exposed on the surface of the second body 12 located on the side
20  which is closed against the first body 11. This display unit 17 is electrically connected
to a circuit of the circuit board 121 (see FIGS. 2A and 2B) which is housed in an outer
casing 120 of the second body 12. A speech output unit 18 (i.c., a speaker) is also
provided in the second body 12.

[0018]

25 As is shown in FIG. 1, the flexible cable 20 is laid extending from the first body



5[ 0016] In FIG 1, the synbol 13a is a pivot shaft form ng
part of the hinge portion 13. The synbols 14 are input operation
buttons, and these are provided on the first body 11. In addition, a
voice transmtting m crophone 15, an antenna 16, and a transm ssion
and reception circuit (not shown) whicBlis connected to the antenna

16 are proyided i he.  1Qf i r st d . The transm ssi on and
reception di F@B?Sttﬂ? &m ok thei 58%9"83’ g%ﬁ%@%?{’gﬁ’tfh@ cgnten pogiieny indhe langipudig] ¢
board 111 (see FIGS. 2A and 2B) which is housed in an outer casing
110 of t he dfPitiop ohBiypriqal “%?%Wefpmag bodt Driastss adiret to thihiage pation
switched by a pressing of the input operation buttons 14 is also
connect ed tl& tgée endrpogiian ip ¢lag langiwdinal digeetpn af5iFhBexible gatde BO ihyaid Mnsids
able to open and close freely relatively to the first body 11 by

pi vot i ng atleunderchang] Mo whddhthe othe8endofortidrein hierlgegimdimial direci®) tharedf isan
be pivoted from being closed against the first body 11 to

appr oxi frat ddig inkfd otiter d:Bhgdegéee secbné begyiiol 17 is a display unit
which is provided in the second body 12 and which has a display
screen whi ¢do1bs exposed on the surface of the second body 12 | ocated
on the side 20which is closed against the first body 11. This display

unit 17 is el ect ki zahbwn GOFICEE AR Rcsdd o 2 %fclasegagdlﬁs@metﬁra%aﬂ
121 (see FIGS. 2A and 2B) which is housed in an outer casing 12

t he second S <o
orovided i f p?ﬁiceglélggﬁ%&&qg%}i@wdﬁgg sféli‘k' kBl ir bodiP1 1 &aqﬁeeg&oﬂdsooag

flexible cgb #;)gth%gtehl? ﬁJo dtg%ﬁ?é\%gff(%h&g l%ﬁltc}:ﬁla"z{lﬁfﬁftﬁ Exh 091%9)’ Tl%]en& ?501%%{1 ﬁ? S

the | ength of the secon suc e center ion‘In

o004 A7) S S PR
Pora sl na e oy o, Al e Bleeatl £ 20 12 Lo ) nel s she
direction %Qpeorsﬁtg gldﬁlt fs'rom the hinge portion 13 is referred to below as a second body extended
end portion 12a. The optical waveguide forming body 21 of the flexible cable 20 is laid
such that, when the second body 12 is closed against the first body 11, it passes through
15  the opposite side from the first body extended end portion 11a and second body extended
end portion 12a via the pivot shaft 13a of the hinge portion 13. Moreover, the optical
waveguide forming body 21 of the flexible cable 20 passes through aperture portions (not
shown) formed respectively in the vicinity of the hinge portion 13 of the outer casing 110
of the first body 11 and the vicinity of the hinge portion 13 of the outer casing 120 of the
20 second body 12.
Note that the wiring mode of the optical waveguide forming body 21 of the
flexible cable 20 in the vicinity of the hinge portion 13 is not limited to the above
described structure. For example, it is also possible to employ a structure where the

optical waveguide forming body 21 of the flexible cable 20 passes between a pair of

25  hinge portions which are provided apart from each other.



5laid inside outer casing 120 of the second body 12. [0019]

As is showmn in FIG 6, when the second body 12 is cl osed agai nst the
first body 11, the cellular phone 10 is placed in a state where the
first body 11 and the second body 21 both extend fromthe hinge
portion 13 in parallel with each otherp2The end portion of 10the
first body 11 on the opposite side fromthe hinge portion 13 is
referred t§08l ow as a first body extended end portion Ila, while the
end portion of the second body 12 on the opposite side fromthe hinge
portion 13 is reNetnkd i thiskellowr gionea 18,60 additidodyheftddieeabletwhioh is on
12a. The optical waveguide form ng body 21 of the flexible cable 20
is |aid sugkedfatransteiig bt aBEeANThndollyike2it isSal&l fpsable #ggionat suppsy
first body 11, it passes through 15the opposite side fromthe first

body ext endggts eNglsdQ hidHarvdea fﬂmst%gg»wam s&@6h&BEBRAL 26 N GuRRdioRs)

12a via the pivot shaft 13a of the hinge portion 13. Mreover, the

0PI cal s LRl BB GRYN R vl olBeldifxi bl o cable 20 passes

t hrough aperture portions (not s ) formed respectively in the
vicinity ofmFﬂi hi nge portion 13 of the outer casing 110 of the first
body 11 an& vicinity of the hinge portion 13 of the outer casing

120 of the 20 segpn d 2 . te.that the wiring node of the
opti cal maveguidiﬁ#ﬂ?ﬁ@ﬁém%%a@wﬂhm%¥bgﬁﬁc?waxible cable 20 in the
vicinity of the hing ortion 13 | ot limted to. the abav

descri bed st ruot 5 & sopth bk rat Fit %be oplipl Fowehigr Striridingy gy hae o
structure where the optical_maveguide forninatbody 21 of .the flgéible
cabl e 20 pRYSEYYHareRaEshawpin FlGof) danrerpstiong 2l p BREhReahindne lpeivdield
apart from each other. ZZk%OOZQ] Note that in this cellular phone
10, i nladdidiregivniteeredfand waichisredinedmp dopgoniivdpsides ¢gladding pprtion 21b which
transmtting optical signals and the like, it is also possible for
power supplhgs sdaves rafactinesoddyghinathat dfghewoegpartensiZila.st body 11 and the

second body 12. Furthernore,
As is shown in FIGS. 2A and 2B, the optical waveguide forming element 21 is

optically connected by means of the connectors 22 located at both ends in the
longitudinal direction thereof to an optical element (i.e., a light emitting element 1[12)
15 which is packaged on the circuit board 111 inside the outer casing 110 of the first body
11, and to an optical element (i.e., a photoreceptor element 122) which is packaged on
the circuit board 121 inside the outer casing 120 of the second body 12.
[0022]
In this cellular phone 10, an optical signal output from the light emitting clement
20 112 provided in the first body 11 can be received via the optical waveguide forming body
21 of the flexible cable 20 by the photoreceptor element 122 provided in the second body
[2. Namely, the flexible cable 20 functions as a signal transmission cable that transmits
optical signals from the first body 11 to the second body 12.
Accordingly, the optical waveguide forming body 21 is constructed so as to

25  internally house a plurality of optical waveguides that correspond to the respective core



5el ectrical signal transmission wires may al so be laid. [0021] The
flexible cable 20 will now be descri bed. As is shomn in FIG 3
and FIG 4, the optical waveguide form ng body 21 has a plurality
(three are shown in FIG 4) of core portions 2la which extend in the
| ongi tudi nal 10direction thereof and wdBch are lined up horizontally
inside a cladding porfion 21b ich has a | ower refractive index than
that of th@owrlégﬁoﬁlﬁ HhR 0o of tm]optlca wyepWdesfaivge Pepdes aganpNsApPaE,
the optical waveguide form ng elenment. 21 is optically connected by

means of t K& {EGHABEIERNIcZigngle dtostthg firsh Bedy Hrigdhe sscamddodphgi t udi nal
direction thereof to an optical elenment (i.e., a light emtting

el ement 1180285 which is packaged on the circuit board 111 inside the
outer casing 110 of the first body 11, and to an optical el enent
(i.e., a phot or ebddG8r 2 & hehBRtthd 32)bohB2 4 s vised foaokaafable amnediers @R mdidht
board 121 inside the outer casing 120 of the second body 12. [0022]

| n t hi s5cehteyravidghabethkids anholphgiaalinas digeabn ofthp dtxibleeablt be (ild.,ghd
emtting elenent 20 112 provided in the first body 11 can be received

via the optdmgaldina\degttideriierdpisg veoedidelfofthing Bedy 119 xwialeahe 3] 208 by
t he photoreceptor elenent 122 provided in the second body 12. Nanely,

the flexi bligseaRlhelRndredfmic@ns MsheexdingRaholh FNEOUSHIRR, GaRbB L BAL
transmts optical signals fromthe first body 11 to the second body

12._Accor dinahy e sinaRbI e ¥BNEAKE 92 whRhH 84 ROGhcAl dohinGRBRIG:HEH

so as to 25internally house a plurality optica egu

correspond %\?\%2%”@%@8& BBJR/V et% o ti%gi ePe(%lﬁern% ﬁ%s tl%]lfagh% gﬁ%{fﬁaeg%?&? ?Iﬁf

t he opti cal s®ca used as a trahsii ssiIo

ng;s Tib ti Iﬁﬁ)v?d%h io%%'lle csu!cgl? %(laasrd f1 [ O80f thg Ers[ . cgd%tl 1?89% t?i% ccgn%e;[:tgre hasv‘lancgotﬂmg,i
symbol 22B is the connector 22 which is used to optically connect the optical waveguide
forming body 21 to the optical element (i.e., the photoreceptor element 122) provided on
the circuit board 121 of the second body 12.
[0024]

15 The connectors 22A and 22B each includes a housing 221 attached to end
portions (i.e., end portions in the longitudinal direction) of the optical waveguide forming
body 21. These housings 221 internally house mirrors 222 which form reflective
surfaces 222a which are tilted at an angle of 45 degrees relative to the optical axis of the
optical waveguide paths corresponding to the respective core portions 21a of the optical

20 waveguide forming body 21.

The mirrors 222 are placed within recesses 223 which open onto side surfaces of
the housing 221 in the vicinity of end surfaces of the optical waveguide forming body 21
and on an extension of the optical axis at these end surfaces. The reflective surfaces

222a are tilted at an angle of 45 degrees relative to the optical axis at the end surfaces of

25  the optical waveguide forming body 21.



[0023] In FIGS. 2A and 2B, the synbol 22A is used for one of the
connectors 22 which 5are provided at both ends in the |ongitudinal
direction of the flexible cable 20 (i.e., the longitudinal direction
of the optical waveguide form ng body 21), while the synbol 22B is
used for the other connector. In the e%dnple shown in the draw ngs,

t he connector having the synbol 22A is the connector 22 which is used
to opticallgxé&nnect the optical waveguide form ng body 21 to the
optical el ement e., the light emtting elenent 112 rovi ded on
the circuit boar helllght emittipgelpmentt] 1 oackaged o ihesirer @%Elécqfébe first
havi ng the synbol 22B is the connector 22 which is used to optically
connect t héodpil,ead amengeging deessor Riirig Whiniyis Pushedart dngagipg progdctied Bent
(i.e., the photoreceptor elenent 122) provided on the circuit board
121 of t he vadcostahdbophyeht Pom| tBOREA]sinkPThef the romctor 322 BAcand iR 2 waaity
i ncl udes a housing 221 attached to end portions (i.e., end portions

i n the bongiftiddighedmittinp@ldnhedn ] 1204s ot foeitiofing partionahedus oed e fimtirpobitidy
21. These housings 221 internally house mnors 222 which form

reflective o$cfcamftod 228 raMtiveRo BleQight drhiithg@lenftit 89l & ébﬁmé’o'iox%ﬁﬁ&ﬁﬁg
relative to the optical axis of the optical waveguide paths

correspondi Hloﬁlgvlﬁ(glgnélﬁée@»%tobﬂ@dl Eﬁfn%nm ELin@ 'ﬁght?e]'lﬂttﬁlg efe%nppf% &R with

wavegui de ornlng he mrrofs 222 dre placed within

recesses 223wl ahe QIEN 199;5%@1&13%&%5 685 Bl housing 221 in the

vicinity of ces o 0 tlca wavegui de fornlng body 21 and
on an extension Slssg ? B3N BhndlG S8 ACHI Sl e i
reflective surfaces Q%a are PP S angr & 4S5 ﬁe% g
\rNSl/ 2; Iu:lﬁ et 336(%,} ?ﬁ%ﬁa B%)%H@O @%éhgsagﬁ}g[r%%%%f lr};dwhslgh 1s%gr?rlsedc1)1f1 th%chrQI%t }%)arclzl ?Pll of
the first body 11, the mirror 222 is positioned on the optical axis of light output from the
light emitting element 112 on the circuit board 111, and an optical path 22H1 is formed
that optically couples the light emitting element 112 and the optical waveguide path
forming body 21 via the mirror 222.  As a result of this, output light from the light
15  emitting element 112 can be irradiated via the mirror 222 onto the optical waveguide
forming body 21.
[0026]
In contrast, the photoreceptor element 122 is packaged on the circuit board 121
of the second body 12, and an engaging recess 123 into which is pushed an engaging
20 projection 224 which stands upright from the housing 221 of the connector 22B is
formed in the vicinity of the light emitting element 112 as a positioning portion which is
used to fix the position of the connector 22B relative to the light emitting element 112,
A connector connecting portion which is equipped with an optical element (i.e., the

photoreceptor element 122) and the engaging recess 123 is provided on the circuit board

25 121



The light emtting element 112 is packaged.on the circuit board 111
of the first body 11, and an engagi ng recess 113 into which is pushed
an engagi ng projection 224 which stands upright fromthe housing 221
of the connector 22A is fornmed in the vicinity 5 of the |ight
emtting elenment 112 as a positioning @értion which is used to fix
the position of the connector 22A relative to the light emtting
el ement 112. A cONRSEPEP elingB ths epngesies lﬁﬁln&ﬁhwmbﬁgmj@é thgsagist i cal
element (i.e., the light emtting element 112) and with the engagi ng
recess 113sirdctye@ythgsansstor BRA cj giﬁ onshingghe ensaging prgectign sHowhich B FI G
2B, in the connector 22A, by pushing the engagi ng 10projecti on 224
into the engadinaypright&om thd Bouwalng@a | ingo therempagingwetdse 123 whiah is fooweddn 111
of the first body 11, the mnor 222 is positioned on the optical axis
of |ight ottepuicuit beard il BEof thgkdcomdbddyi I2gthe Inérrenr222%4 Rositiontden thie ropticadl
board 111, and an optical path 22H1 is fornmed that optically couples
the |ight exisbfliglg relepie by thkbhonrdejtbesl@ntit¢at whtY eOptckeepah hef ol ng
body 21 via the minor 222. As a result of this, output Iight fromthe
l'i ght 15embbdring1 & @o®Rinith b2 tedRgditnd febad 2, «[ag% §2/d61jﬁattdﬂ%pmdl F@th 2283 is

n

onto the optical waveguide form ng body 21.

contrast, tdieRRek Qﬁtﬁ,‘éﬁ?E&Igle% Iﬂgerﬁfaa&oréc%gto} SleRBR2980y §2 om% %ﬁfggide

board 121 of the second body 12, and ah engaging recess 1

board body” 12, "and ai .. fo
From the hTerng i g ReeE bR SRRt o e FoTnih B hfie
rom the hblisi ng 2 s forred T the' VT crnr

ised to {1 aiRL bl d Rl ook Alnd RO o Pe PR PR g Y [

enitting gk@ﬁﬁgt 112. A connector connecting portion which is
equippé n optical elenent (i.e., the photoreceptor el enent

TAIIAL R NG - SCREEATE LA
22B has the same . . .’ .
removably inserted into the engaging recesses 113 and 123 of the circuit boards 111 and
121,
A structure may be employed where these connectors maintain their mounted
15  state (i.e., their connected state) in the circuit boards 111 and 121 by means of the
extraction resistance generated as a result of the internal surfaces of the engaging
recesses 113 and 123 pressing against the engaging projections 224 which are
press-inserted into the engaging recesses 113 and 123. The engaging projections 224
which are engaged in the engaging recesses 113 and 123 can be extracted from the
20 engaging recesses 113 and 123 by applying force which is greater than this extraction
resistance, thereby enabling the connectors to be separated from the circuit boards 111
and 121. However, in order to maintain the stability of the mounted states on the circuit
boards, it is more preferable to employ a structure where engaging components such as

elastic claws or the like which can be removably mounted on the circuit boards are

25  provided. For example, if a structure is employed where the connectors includes these



structure as the connector 22A. By pushing the engagi ng projection
224 which is standing upright fromthe housing 221 into the engagi ng
recess 123 which is fornmed in the circuit board 121 of the second
body 12, the minor 222 is positioned on the optical 5axis of |ight
recei ved by the photoreceptor el ement 282 which is packaged on the
circuit board 121 in the vicinity of the engaging recess 123, and so
that an optelasty clpws andoyers that qaysefBelclasiigiclaypsiengagef ywitidhpiegitbgard to be
phot oreceptor el enment 122 and the optical wavegui de path form ng body
21 vi a t he dipheert (.22 ongagement release levers) arti therely iglegsn the prgagemepti withitlem
the optical wavegui de form ng body 21 can be received on the

phot or eceptcoruichamnd thentiQeffigi@hOLA] which the taskNdtennehtistg driigscemgagnigny
proj ections 224 of the connectors 22A and 22B can be renovably

i nserted i rbmectoeredniyags thyg cirewielsmesis bdJoaied cd2Be dipréved. ci rcuit boards
111 and 121. A structure may be enpl oyed where these connectors

mai ntai B their npsRoee:, degbetionifs pstiond thatiate OB HEthe SiralifYoatdlart A6t
circuit boards 111 and 121 by neans of the extraction resistance

gener at ed agniRd ¢ afor@herdtidBed SHoBEddRint 2UELAC e FodxalnBR, RROAY RMsible to
recesses 113 and 123 pressing agalnst the engagi ng projections 224

uhi ch are REBRS dodEBRE frd) iiclﬁlst%&;oﬁﬂ%g%fe}gméseﬁﬁﬁﬁéaﬁke]tﬂ%lﬂﬂfjth&ggimef:ﬁrgle

engagi ng projections 2 e enga I'n the engagi ng recesses

113 and 123 Gap, beneXhiRckad oM dkNe,208R030L 00, £653565 dhdnend 123
Fike TR L TG ShRE TR ? p

by appl yi ng reater nthrs extraction resistance,

t hereby enabl.i.ng the .connectors.to be.separated fromthe circuit

boar ds. 111 PANHORE3 PO Circhit oard ity ey wbcproPlfo Smlsy iy
the nmouynted states on the circui,t hoards, it is.nore preferable to
enpl oyLig s t¥A5EE F EORATPTS a@f&éﬁﬂ%@egdﬁﬂ’oﬁ?@?ﬁlgg ROEAIYS el astic claws or
the Ii ke which can be renovably nounted on the circuit boards are
25providedlo$@ﬂ exanple, if a structure is enployed where the
connectors includes these 26 elastic claws and |evers that cause the

elastic claws enbdbeserliar Rhensel Ocprecanidisids dathg lengithdingl; digepténmend g opdical
engagenent rel ease | evers) and thereby rel ease the engagenent with
t he circui twayegnide, formiag bodie? ledfithe flesiely colile RO istripticellyreennesteld tofhe light
connecting or disconnecting a connector relative to the circuit board
i s perf or medittiagelomentrip 2 0 8hd .circuit board 111 of the first body 11 by the connector 22A,
15  while the other end side in the longitudinal direction of the optical waveguide forming
body 21 is optically connected to the photoreceptor element 122 of the circuit board 121
of the second body 12 by the connector 22B. Namely, the cellular phone 10 has a
structure where the light emitting element 112 of the first body 11 and the photoreceptor
element 122 of the second body 12 are optically connected via the flexible cable 20.
20 [0029]
As has been stated above, the optical waveguide forming body 21 of the flexible
cable 20 is laid so as to pass adjacent to the hinge portion 13 (see FIG. 1), and so as to
extend from the first body 11 over the length of the second body 12. The optical

waveguide forming body 21 has a deforming section 21H which undergoes bending

25  deformation as a result of the pivoting of the second body 12 around the hinge portion



5Mor eover, the positioning portions that are provided on the circuit
board are not limted to the aforenenti oned engagenent recesses. For
exanple, it is also possible to enploy positioning projections or
positioning frames and the |i ke that hold the connector housing. The
shape of the connectors can also be al28red in accordance with the
positioning portions on the circuit board side. It is also possible
to enpl oy 3structure 10 where the connectors are not equi pped with
engagi ng projections. [0028] ~In the cellular phone 10, one end
side in the | ongThaentisal waiegwde fosningtbognel bastandatenaiaieejedding Hostien Hy
body 21 of the flexible cable 20 is optically connected to the |ight
emtting eltatisiocaterin g int¢realgiortoniof theewptidal Wayemfidet fhamihg bedy Howdliclil by
t he connector 22A, 15while the other end side in the |ongitudinal

di recti on obrr¢spendspd ihealefomnminggacttbe 2fl 8 andigatizecyes2ir lageroplc wiath ate in
connected to the photoreceptor elenent 122 of the circuit board 121

of the secoolahiedsh thecdy pbiiencrianesy afears?dd. thibamidtyte (itdi@heohltut@khere
phone 10 has a structure where the light emtting elenent 112 of the

first body tilin@RRAI 4P 6la@d1RE PErEEEPIDE pRIVRIFR)) thelapficAl fwav B koot Bodly2 112
are optically connected via the flexible cable 20. 20[ 0029] As

has been stisaﬁr@qd@dnw@fmﬁreeecpferdh@aéndmxmhﬁa rgﬁa%@&dgg@zﬂgjdefbhnh??

flexible cable 20 is laid so as to pass adjacent to thé hinge porfion

13 ee FI . - i t he
gt i of Sreibh 21RAGa PRURSCLE pRELEECE b ARLATEody R0 rloeton 1
has a defoiﬁpﬁg section 21H whi ch undergoes bendi ng 25def ornati on as

aresult o pi voting of the second body 12 around the hinge

porti %Mo 27 13. As is shown in FIG. 4, the cross-section of the optical waveguide forming body

21 is formed in a flat, belt shape, and the core portions 21a extend linearly for the entire
length in the longitudinal direction of the optical waveguide forming body 21 in the
center portion in the thickness direction thereof. Furthermore, these core portions 21a
are arranged in parallel rows in a plurality (three are shown in FIG. 4) of locations in the
15  width direction of the optical waveguide forming body 21. Note that the number of
core portions 21a is not limited to the three shown in FIG. 4, and one, two, or four or
more core portions 21a (for example, see FIG. 7F) may also be provided.
The deforming section 21H of the optical wavegunide forming body 21 is located
in the center portion in the longitudinal direction of the optical waveguide forming body
20 21, and the internal air cladding layer 21d of the optical waveguide forming body 21 is
also located in the center portion in the longitudinal direction of the optical waveguide
forming body 21 (see FIG. 3).
As is shown in FIG 3 and FIG. 4, the internal air cladding layer 21d of the
optical waveguide forming body 21 enables the air layers 21c¢ to be secured on both sides

25  of the core portions 21a in the thickness direction of the optical waveguide forming body



The optical wavegui de form ng body 21 has an internal air cladding
portion 21d that is located in an internal portion of the optical
wavegui de form ng body 21 which corresponds to the deform ng section
21H, and that secures air layers 21c which are in 5 contact with the
core portions 2la. By nmeans of this sti8cture (i.e., the structure
where the internal air cladding portion 21d is prOV|dedér the optica
wavegui de f6rnTWﬁeBB&V@?Q1P§“BF6WF%@Hh%FPﬁmFW%4SW%WOFBf P AeFe@AdvPaNCce
agai nst repeated folding of the deform ng section 2IH as a result of
t he plvotlﬁéaof t he second body 12 around the hinge portion 13.

[ 0030] 10As is shown in FIG 4, the cross-section of the optical
wavegui de fl@é#3t ng body 21 is forned ina flat, belt shape, and the
core portions 2la extend linearly for the entire length in the

| ongi t udi nal di r Bcthe anerodl airtviaddipigipoaion R e fiiic dptidad waiepgide dotyniRd body
the center portion in the thickness direction thereof Furthernore,
these car e 2p0dnichdd 12 bahichl eRtcad irbhg Bheinidipa darkdtRin of @ScotdpoRtidhls 2 @hidet Y
(three are shown in FIG 4) of locations in the 15 width direction

of the optitgalcdWauReWddR e HBF¥hRIb BREYh Zikes NOhE cd8 dbrtioRe2 RUARRY thfé](mess
core portions 2la is not Iimted to the three shown in FIG 4, and

one, two, QfredtRilofe Ezﬁ w%%ﬁncfé% :9 Bod L. ( MPks¥ AR 21 ¢ §1%%1F by
et t he

7F) may also e provi ormng section 21H of

opti cal Wa alﬁ L%Q%ﬂ@m@%ﬁymﬁ&zibsgrl ny tc%ge b8 SR ebé%gera é(?fn i n

t he Iongltu |n di'rection guide formn

21, and th dd| r tical wavegui de
formng bodyotidet Gl aRel s B acchi Cgp{aﬁorﬁ%ﬁ Cpig PpSns ZH e

o8 il pr&ha%@m%&aﬁf%ﬁ BRI (R 2

cl addi ng Ia£%§ alof t he o ti.cal maveQU|de form ng body 21 enabl es
the air |apers sy 3981%3“@é BlgyghZHot h si des 250f the core portions
2la in the thickness direction of the optical waveguide form ng body
28 21. Thed®@33lr layers 21c also extend in the Iongitudinal direction
of the core portions 2la. [0031] In the internal air cladding portion
21d of the opti chirtheamergudsdestosmrii R Yoty optidal wavesmidedermuingbedyi2diof
extend in the longitudinal direction of the core portions 2la are
the present invention is formed as a layered structure that is made up of three resin layers
15 211,212, and 213.
The plurality of core portions 21a of the optical waveguide forming body 21 are
formed in the resin layer 211 in the center of the three layers (sometimes referred to
below as the core layer), and are lined up adjacent to each other in the width direction of
the optical waveguide forming body 21. The plurality of core portions 21a are formed
20  separated from each other in a plurality of locations in the core layer 211. Moreover,
portions other than the core portions 21a of the core layer 211, and the resin layers 212
and 213 (sometimes referred to below as cladding layers) which are provided in layers on
both sides of the core layer 211 form the cladding portion 21b have a lower refractive

index than core portions 21a.

25 [0033]



formed in the cladding portion 21b on both sides of the core portions
21a in the thickness direction of the optical wavegui de form ng body
21. These trenches 21e are formed by holl ow ng out the cladding
portion 21b fromthe core portion 2la side. By neans of these

trenches 2le, the air layers 21c which28re in contact with the core
ortions 2la are_10reljably provjded inside the optical wavegui de

P ormng body 21.T ‘ﬁ%ﬂcb‘?s%lﬁé‘PFhﬁtclé‘gS‘Bg§°16‘Pn§h‘éarﬁrf‘é‘m?ﬁé%loﬁit@nﬁH’r‘il?Fthe

air layers 21lc. %8g3§] Furthernore, as is show in FIG 4,
the opti calclafdipefayrde 12 apdr Ryomlkadly sides ofthe qeee layadd heo pip dapeitears

formed as a layered structure that is made up of three resin |ayers
15211, 212 powieds 2lexndFhes (9l axteatliin fre dingdodinal gortticnres thraregfortidne 21a.

opti cal waveguide form ng body 21 are forned in the resin |ayer 211

i n the centherordingbhm thtméendl ayretaldihg poeion kg, thedickyead 2t carbedlablyas t he
core layer), and are lined up adjacent to each other in the width
directi 6n eécutdicbeopich clad cladavedayoie? Randi2ng abdtly cérd portio@s Plabyahédny odf
core portions 2la are forned 20separated from each other in a
plurality efettepeimsions in the core |ayer 211. Moreover, portions

ot her than the core portions 2la of the core layer 211, and the resin

llayers 212 and 2{igte (R BRdnhpIBSoraGh&hd Bfhd 0P ma&kial 18&1 6 nBidaBard %bﬁkié&l

which are provided in |layers on both sides of the core |ayer form

th | addi : 4 . ol LV
por 1 ons. 218" SR E Bad o R LA K B R R B8R

portion 21 (grg formed in locations in the cladding |layers 212 and
213 on bot ides of the core layer 211 so as to face the core

PorL o0, 21 A0tRSied iy G LS RIBARPR L RSRRLR! O
FRRURINET LR WCE A SN RS
2le. which the internal air cladding portion 21d extends) is preferably greater than the range
of the deforming section 21H.  As is shown in FIG. 5, in this embodiment, the range
over which the internal air cladding portion 21d is formed in the longitudinal direction of
15  the optical waveguide forming body 21 (i.c., the distance for which the internal air
cladding portion 21d extends) includes the portion of the flexible cable 20 that
corresponds to the deforming section 21H, and is made greater than the deforming
section 21H so as to have portions that extend beyond the range that corresponds to the
deforming section 21H on both sides in the longitudinal direction of the optical
20  waveguide forming body 21. Note that the two sides of the internal air cladding portion
21d in the longitudinal direction of the optical waveguide forming body 21 form a solid
portion 21f (see FIG. 3 and FIG. 5) where the air layers 21c¢ are not formed.
[0035]

The optical waveguide forming body 21 of the flexible cable 20 is formed in a

25  rectilinear shape, and when the second body 12 of the celiular phone 10 is opened



Not e that exanples of a nethod and of materials used to manufacture -
an optical waveguide form ng body which is nade up of three resin

| ayers are described bel ow. [0034] 10The range over which the
internal air cladding portion 21d is forned in the |ongitudinal
direction of the optical waveguide forBdbng body 21 (i.e., the

di stance for which the internal air cladding portion 21d extends) is
pr ef er abl y agpestuately hihdagrres framghe Brst borly ]de\% sriantptcrbae sbstantipllyLer i s
shown in FIG 5, in this enbodinment, the range over which the

i nternal aiabsadyteladinmbendmatdetonmation i gprlisd pethe daformimgisentigh £4Hi nki contrast,
direction of 15the optical waveguide formng body 21 (i.e., the

di st ance f ofthekdcohd bdrty ii2ns elosealagainst thd fidthaly 1pothe pomioR dfithe fiewhidshble

i ncludes the portion of the flexible cable 20 that corresponds to the
def or m ng 6chat dloitdd addarentits thahiiee gor@hdB, fdnsdy, tHeelettemdrgrsettipnodeEL | on
21H so as to have portions that extend beyond the range that

cor r espgndsinli@gdR ®eftihOddfbm@itis@ct i on 21H on both sides in the

| ongi tudi nal direction of the optical 20wavegui de form ng body 21.

Note that the twRagkHEs i9fhokaan FIE. 8T Mahe &ifulde bBRCHI 100asR0kdilT tieeld i N
the longitudinal diréection of the optical waveguide form ng body 21

forma soli gvoﬁﬂ%%%fﬁ@ [s%cég% f)&?ﬁl 1Rk fRively ﬁ)ntiil_f_l FitsPoo®) 1 Imé{dﬁgtd%?oégiiagioﬂ RYEers

21c are noP for e opti‘cal wavégul orm ng
body 21 of

f [ l.e. 1S cfor [ 2 j Li

and when't AR RS0 T BiGeSReSin o Gl M Bato! BEhick HOB7E1 SiAgRn
approxi matel y .180.deqgrees _fromthe first, bo 1 it.s.in a state
oo o betuee Pr € Bhfat paisaie F%mnrﬁ)bqggﬁ%g%gthljﬁ%ﬂ%srdlrﬁaeﬁl%nnthleréeogﬁE):'Fli]ted
to the deformng. section_.21H |.n contrast, .if the.second body 12 is
1 osed HgaoHerhe HaoHSTTGEy! e SEhe St VR0t RESRIOGIA B B Eab o
20 that is |ocated adjacent to the hinge portion 13, nanely, the

def or mi ng sueymisEengaligids (M‘r“g%%t‘ﬁ%sn?ﬁ l}‘i&nﬁéft‘bﬁ’%‘t’ pKertical bending).

As is shown in FIG. 5, when bending deformation is applied to the deforming
section 21H of the optical waveguide forming body 21, one of the air layers 21c¢ (referred
to below as a first air layer and allocated the symbol 21¢1 in FIG. 3, FIG. 4, and FIG. 5)

15  that are secured on both sides of the core portions 21a in the internal air cladding portion
21d of the optical waveguide forming body 21 forms the outer circumferential side of the
core portions 21a, while the other of the air layers 21c (referred to below as a second air
layer and allocated the symbol 21¢2 in FIG. 3, FIG. 4, and FIG. 5) forms the inner
circumferential side of the core portions 21a.

20 [0036]

In the optical waveguide forming body 21 of the flexible cable 20, of the air
layers 21cl and 21c2 that are secured on both sides of the core portions 21a of the optical
waveguide forming bedy, the first air layer 21¢l which is positioned on the outer
circumferential side of the core portions 21a when bending deformation is applied to the

25  deforming section 21H is particularly effective in contributing to maintaining the optical



Nanely, as is shown in FIG 5, in the cellular phone 10, as.a result
of the pivoting of the second body 21 relatively to the first body
11, bending deformation is applied to the deform ng section 21H of
the optical wavegui de form ng body 21 such that one side of the

opti cal waveguide form ng body in the 8hi ckness direction thereof is
bent 10onto the inner circunferential side, and the of her side

t hereof i s TBBIRISHM Daraqierisinsof thejcrraortinns A4 and 1gjimeropingithe fpiding
sonetines be referred to bel ow as vertical bending). As is
shown i n Fealurgice ghihg opasal rarespidedpiming beyiZd. applied to the deformi ng
section 21H of the optical waveguide form ng body 21, one of the air
| ayers 21c[§d3@ferred to below as a first air layer and allocated the
synbol 21cl in FIG 3, FIG 4, and FIG 5) 15that are secured on both
si des of the corAspohtvonsFIZla, whentbhedingdefomedtionisappliabiditingdgbartingn
21d of the optical waveguide form ng body 21 forns the outer

ci r cunf gr estdtiah 2$H @€ thefoptibt waoEghideddbiniaf Bod/1A, tenkild tretRts@nhis opér t he
air layers 21c (referred to below as a second air |ayer and all ocated

the synbol c@dGrieictidllsfde of theftefaling of @B AptidaGraizuide FeFmitd Wody PNl Because
circunferential side of the core portions 2la. 20[ 003 In the

optical wawegl BRplhMEnRbrROHY: stdmPh td MBvd bofAidR ik ehlhg iy Of the
air layers 21cl and 21c2 that are Secured on both side§ of the core

portions 2%1\?\-%1%%&?{2313%58@0&9@&9&3 4% R cMabls BB 24 08¢ b bffcafl T

| ayer 21cl ositioned ‘on the outer c erenti al”side of

the core p L on eng ef or ion is.applied to the
25def orm ng‘fagée%ﬁ%ofgﬁg?%fgglg@ %a‘?%ﬁfggﬁeg?ﬁa%de ‘%hee(r: (fti}/l%bf' i Cont i but i ng to
mai nt ai. pi ng. t he. opt.i.c 31 . transm.ssipon characteristics of the core
porti oﬁ@ 2%5"‘5‘?‘{ 5 Balis%ﬁlbi\?i]th‘dg“irﬁ@o’?‘&“dﬁﬁg endurance of the optical
wavegui de form body 21. _[0037]. As is. s in FIG 5, when bending
deformation is apfiq¥daYss ¢ fd‘éﬁf]&?ﬁfﬁ%@lfﬁ@@%ﬁ Beftion 11d yr om%ed@ﬁgﬁcm

wavegui de form ng body 21, tensile stress acts on the outer
solid structure the same as the solid portion 21f is formed, then when bending

deformation (i.e., vertical bending) is applied, the core portions 21a become pressed by
the displacement force generated by the portions of the cladding portion 21b which are
15  located further on the bending outer circumferential side than the core portions 21a
attempting to move towards the bending inner circumferential side.
[0038]
In contrast to this, in the optical waveguide forming body 21 of the flexible
cable of the present invention, when bending deformation (i.e., vertical bending) is
20  applied to the deforming section 21H, as a result of the first air layers 21c1, the portions
of the cladding portion 21b that are located on the opposite side of the first air layers
21cl from the core portions 21a (referred to below on occasion as outer circumferential
side thin portions 21b1) can lessen or eliminate the pressing force applied to the core
portions 21a by the displacement force towards the inner circumferential side of the

25  bending. When bending deformation is applied to the deforming section 21H, the outer



circunferential side of the bending of the optical waveguide formng
body 21. Because of this, displacenent force that attenpts to nove
towards the bending inner circunferential side acts on the portions
of the cladding portion 21b of the optical waveguide form ng body 21
which are |ocated further to the bending outer 10circunferential side
than the core portions 21la. If the air layers 21c of the

i nternal aicircwrhfchdtislgidechiniportioBd 21 trof tlendladded pentebna2 1baloindt mpkamntace
the sane as the solid portion 21f is formed, then when bendi ng

def or mat i oRvithi th€care pativhHlb, helidispgysibls toapplenegtessidgeorobeing apjiliedns
21a becone pressed by the displacenent force generated by the

portions ofihd ddge forBSHRING, PRLEdE, A2 ifvhé sltediRuAhRT@tiat ek it fdresnson
the bendi ng outer circunferential side than the core portions 2la

att enpti ng 4 g 8@&6@cltaélﬂﬁ%{é’&u&h?lMni&nﬂo%ﬁ(acﬁhﬁﬂﬁ%ﬁ% 88itiont 2 &, de.
[0038] In contrast to t in the optical waveguide formng body 21

of the | e)&bxﬁlkﬁ"e&%h% 5 d §t{l\% ﬁﬁﬁms ﬂ&% fde@ it eﬂr Hg&g%ﬂglt is

def ormati on , ver I nQ) 2 applle eform ng
section 21H

of the cla (985 e %Orlg:%emé!c tﬁf‘zq}gss%rﬁa Golck raélglle%'tfg he%&% %{tﬁo}ﬁ}la }0@_61 RALet Ons

I on oca oSl e Side o

the first 21cl fromth t 2 d. t

he 111t TIPSR Siek (AT R S PO i)oot% ﬁ%ﬁqﬁmﬁﬁn
| | te th f lied to t

por i ona. 218y 24 Heh A eHE SReiorit R AE LR et mey e

circunferential side of the 25bendi ng. Wen bendlng deformation is
appl i ed t o opHel it Brthe pRjicakbwavegpide ’iqrmntgﬁ@d&s @il & incrggsedp pe gercEteht i al
side thin portions 21bl of the cladding portion 21b do not nake
cont actlOwi tdensdgeerslyr isgpbericbeig! in Dipintainhgistabilyy pobepisicel eheragicaigtiasol
pressing force being applied to the core portions 2la. Moreover, even
i f the out élre @ire putibrer2dat | Morepiverebdchis tiponttdr sirsurfetehtialfsideltbinglogtheds ng
portion 21b do conme into contact with the core portions 21a,
21b1 of the cladding portion 21b are able to be displaced due to the existence of the first
air layers 21¢1, when bending deformation is applied to the deforming section 21H, 1t 1s
difficult for localized stress concentration to be generated in the optical waveguide
15  forming body 21 and the folding endurance of the optical waveguide forming body 21 is
improved.
[0039]
Moreover, in the internal air cladding portion 21d includes the air layers 21c
which are in contact with both sides of the core portions 21a (i.e., with the inner
20 circumferential side and outer circumferential side thereof when the deforming section
21H undergoes bending deformation), it is possible to make it even more difficult to
generate localized stress concentration in the optical waveguide forming body 21 when
bending deformation is applied to the deforming section 21H than it would be in an

internal air cladding portion 21d including air layers 21¢ that are only in contact with one

25  side of the core portions 21a (i.e., with either the inner circumferential side or the outer



5 conpared with a solid structure which is not provided with the air
| ayers 21c, it is possible to restrict the pressing force applied to
the core portions 2la to a low |l evel. Because of this, even if
bendi ng deformation is repeatedly applied to the deform ng section
21H, it is difficult for distortion and3fractures and the |ike which
may cause optical loss in the optical waveguide form ng body 21 to

i ncrease t 6rpEnigeHtslstdsdheraqd whsh EimiRg scetigng Egundgigass Q?Pélingi n
naintainin% stability in the optical characteristics of the core
portions 2dfaformgioady ehccopbingly;dhee abaue deseidhed sirpetuiercdieetivelyalongibgtes tchi n
portions 21bl of the cladding portion 21b are able to be displ aced
due to the irspiosingtlrefobling dndufanesaf thd opticalywavsgiddebrmingdadp2hdi ng
deformation is applied to the deform ng section 21H, it is difficult
for localized stFetsrooncenieiateiahait clabdingporéom? Bt wihon bdrelingpiefamhation
wavegui de 15form ng body 21 and the folding endurance of the optical
wavegui e fisdppliedtohbadef@rmih@sdetipt DMEdue [RS8 Histence of theMrl@@¥ e lcliafd t he
internal air cladding portion 21d includes the air layers 21c which

are in conbaet ondiisiBed dF tifd eSpdHionst8 aGPTls@oRMIé toesurd & darkd dBroc ot t h
the inner 20circunferential side and outer circunferential side

t her eof whaprthgiseferdth E}gﬁ)éﬁéﬂsi A dHRdR RS b kl’%?%? R both sides of the

deformation), it is possible to make it éven nore icu

generate | | i j ] ical Ol

form ng bog%fﬁaﬁﬁ%nf{)@z}zﬁ tﬁg’%? g{r?r:ttalto ?gﬁl{h?sc’bg(%%)ﬁ’?&éééﬁtﬁg féfﬂﬁn\é&dgédg’r%r% ng
section 21 h Pt i . pternal ai | addi ortion 21d
ol udi ng. BerRDohhs S elSaleRe Aol oSleR Tk by Bl REhiBRGaL B ettt
the corg portions,2la (.. jth ei.ther the inner circu rential
e oty et e EERREorep A kPl 1SF e Bleu Streit vl et or i ng
section 21H under goes bendi ng. deformation). Accaordingly, the _above
descri bed StFRASGH enduraneey t{;%wgﬁr@g A £ a8 ipd Botign ?h‘gr 6311%11@ apsp&tfrgivaithg
endurance of the optical wavequide form ng body 21. Furthernore, in

t he i nt er n&PRtEPHING|te HprAYing retipldmeendurangeed theettiral grayesuidenarmiss bods
applied to the deform ng section 21H, due to the existence of the air
| ayers 21c?l apdjthe core portions 21a.

[0040]

15 In the internal air cladding portion 21d of the optical waveguide forming body
21, the thickness of the cladding portion 21b on both sides of the core portions 21a is
made thinner by the presence of the air layers 21c¢l and 21¢2 on both sides of the core
portions 21a. Because of this, the internal air cladding portion 21d more easily
experiences bending deformation than the solid portions 21f, and the bend radius can be

20 reduced.

Even if the second air layers 21¢2 are not formed and only the first air layers
21cl are formed, it is possible to reduce the bend radius compared to the solid portions
21f. Moreover, because the first air layers 21cl contribute more effectively to
improving the folding endurance than the second air layers 21¢2, even if a structure is

25  employed where the second air layers 21c2 are omitted, it is still possible to easily



21c2 on both sides of the core portions 2la, it is possible to secure
a |large degree of deformation freedomin portions of the cladding
portion 21b | ocated on both sides of the core portions 2la in the

t hi ckness direction of the optical waveguide form ng body 21. Because
of this, it beconmes difficult for damage caused by bendi ng
deformation to occur 10in the cladding portion 21b. As a result, it

i s possi bl echievesmcmprovamhiigh thegdoldingehdvrendsdinne te fen@urapsese?lich. t he
internal air cladding portion 21d. This is also effective in

contri butin@oald i nprovi ng the fol di ng endurance of the optical
wavegui de form ng body 21 and the core portions 2la. [0040] 15In the
internal air cl adgitidgmP@l initeinich] @i clabéing portioal 1 dybeegss we afr daviaisi2c
body 21, the thickness of the cladding portion 21b on both sides of

the core pehf tRASedkdeintadoBéifinkidndeladapmgpbRrioRs @2 BERIAAINE& idpdssible
| ayers 21cl and 21c2 on both sides of the core portions 2la. Because

of thiss thEdcOlss sﬂﬁégicﬁiligm%ﬁflﬁ’éxﬁ&t PR&k (0. lgﬁtg:afmﬁx%g%é kdri;hfing body 21,

experiences bending defornmation than the solid portions 21f,” and the

h
bend radiu : i . Aish 1l rs
21c2 are ng?gﬁgﬁﬁgaggﬁgq%ﬁﬁga?ﬂém?ﬁ?%t%ﬁp?J%§§£$§Eg%g%gggglgéﬁﬁgﬁ, it
is possible t.o,reduce, the .bend, radi,us. Go ed to. th ld I
221" Wor eoveica SR e Ping Pl AL N S RERE 5o e, R ek AGRhL-RAR
effectively_ o inproving the fol ding endurance than the second air
| ayers Zlcf,ﬁle‘ét\?aggw m&regster”&g?rﬁ‘?@d]f’%s “?%Eﬁﬁ‘i%{%&edmer e the second air
| ayers 21c2 are omtted, it is still possible to easily 34 achieve
an inproveﬁ@%p]in the fol ding endurance fromthe first air |ayers
21cl. [0041LI Furthernore, in the _interpnal air cladding portion
21d, bd@audMethod ofmanyfagruting gmepticevavrgndeiovawzhediade to function as
cl addi ng portions (i.e., air cladding), it is possible 5to secure a
superior |ight cdethaesrempledifagagthedoitramuiigturiogpn opficebiscguide forimieg
body 21. Even when bendi ng deformation has been applied to the
bendi ng sedbilpwhiRh b whdetupeofoipes cain lnevegill ialefambrd.ng body 21, the air
| ayers 21c contribute to the Iight confinenent effect and any
i ncrease i n bendFHGs.l7ags 7€ are Viewsilipgragiag ed cxanpldd]a method of manufacturing

an optical waveguide forming body will be described. Here, a case where an optical

15  waveguide forming body 21° shown in FIG. 7F is manufactured will be described. The
optical waveguide forming body 21’ shown in FIG. 7F differs from the optical waveguide
forming body 21 illustrated in FIG. 4 in that it has a greater number of core portions 21a.

The method of manufacturing an optical waveguide forming body described

here is applied to the manufacturing of an optical waveguide forming body which is

20  made up of three resin layers in the form of a core layer interposed between two cladding
layers. This method can also be applied in the same way to the manufacturing of the
optical waveguide forming body 21 illustrated in FIG. 4 which is made up of the three
resin layers 211,212, and 213. In addition, the materials described below can also be
used in the same way.

25 [0043]



10 (Method of manufacturing an optical wavegui de form ng body)

Next, an exanple of a nethod of manufacturing an optical wavegui de
formng body which is made up of three resin layers wll be

descri bed. FIGS. 7TAto 7F are views illustrating an exanpl e of
a nmet hod of manufacturing an optical méﬁeguide form ng body will be
described. Here, a case where an optical 15 wavegui de form ng _body
21" shown in FI dnFE 7l themigbalcs Ll rie theigora layss %ééllﬂ'sﬂﬁ’éﬂls 21‘%@“88“ (g3
wavegui de forning body 21' shown in FIG 7F differs fromthe optica
wavegui de fhsrdddgigdeesys-21 illustrated in FIG 4 in that it has a
greater nunber of core portions 2la. The nethod of manufacturing an
opti cal wavegui da thomribnd obweyufartering thedptivel waveguidp filringx tody £he
manuf acturi ng of an optical wavegui de form ng body which is 20 nmade
up of t hr edescebedhergfestly, asns shvevnfio FiG 7 AcandGiBe tHeaper layan ReT' pdthe dptical
bet ween two cl adding |ayers. This nethod can al so be applied in the
same way t evabfiideebuhiag body 110is@btaintd (et lagal fovmateguiegr f or m ng body
21 illustrated in FIG 4 which is made up of the three resin |ayers
211, 212, a44R13. In addition, the materials described bel ow can

al so be used in the same way. 25[0043] 35 In FIG 7F, the
symbol 211" is thengesR mﬁmmamtémrsayrﬁo&lrémgér%om?aﬁgn %ﬂxﬁma?errﬁmhe
cl addi ng | ayers. he nmethod of manufacturing the opti cal

wavegui de &8{_,%@&: IEQQX%%PM bgﬂ £é§-‘}é '}}s@r ictf s oﬁttalﬁéii bgﬁlollﬁxé%{ﬂg%térﬁl

FIGS. 7A a Iaer eotlca

form ng bo (c r. f t|on sk&
i thi e coﬁéedﬁé@er P%?%%?aye% 7G5 1 el RrR R Bl P s
fllmm? eri al .e., a core Iayer Iayered body - see FIG 7A)

whi ch oBfeB?rﬁ d by nmol ding the material used to formthe core |ayer

211" |..,acoelaer formati on ri into a filmshape is
10pr eg ared. {n the mgnufacturling method csm crebed%ere the core layer formatlonpmatenal

contains a polymer having a main chain and a leaving group which branches off this
main chain as its primary constituent, and also contains a first photo-acid generator
which is activated by the irradiation thereon of ultraviolet light so as to generate acid.

15 As the core layer formation film material 31 it is possible to use, for example, a
dry coated film obtained by coating onto a component such as a resin film (i.e., a varnish
coating component) a varnish which has been created by dissolving core layer formation
materials such as the aforementioned polymer and first photo;acid generator in a solvent
(for exampie, mesitylene or the like), and then drying this varnish. This dry coated film

20 isused after being removed from the varnish coating component.

[0045]

The first photo-acid generator has an absorption maximum wavelength in the
ultraviolet region. The polymer of the core layer formation film material 31 is a
polymer whose refractive index is changed as a result of the leaving group leaving (i.e.,

25  being cut from) the main chain due to the action of acid (preferably proton) discharged



In the manufacturing nmethod described here, the core layer formation
material contains a polyner having a main chain and a | eaving group
whi ch branches off this main chain as its primary constituent, and
al so contains a first photo-acid generator which is activated by the
irradiation thereon of ultraviolet Iight so as to generate acid. 15
As the core layer formation filmmaterial 31 it is possible to use
for exanpl &y the apiyated rsepherio-neid pnesivreadicnipe imatiatiog thmeqs of ultsrristmn dight.
such as a resin film(i.e., a varnish coating conponent) a varnish
whi ch has bBldedeayingaf € nolynekir b3 thedeavinagoep is ageancébrnthe iradiatign of i al s
such as the aforenentioned polynmer and first photo-acid generator in
a sol vent (uitcavicttdight @nd byalss teylleémehaating. hdn hddigyn, tlenerd lager famyating fitthi s
varni sh. This dry coated film20is used after being renoved fromthe
var ni sh coatdtérl 8 DispAREty.this B0Amp. The first photo-acid generator has
an absorption maxi rum wavel ength in the ultraviolet region. The

pol ymer sof the cRoe thaY@thid @ERB bORarfuiflciriBlag bpfidal Fdvdehid fOMiNBIdy,
whose refractive index is changed as a result of the |eaving group

lleaving (i ..8-exardpP® difer®dll WhERMhe bRrifBh iCha18ydUS: he cbb EayrfiohAntide
acid (preferably proton) discharged 36 by the activated first

hot o- aci d f L [drahi it |
phot o- aci fﬁ@'}%{t&ﬁa@@ } ?gt %rwhtel%;e/tﬁgl;erf%gﬂlv% lh(ﬂ:P otfﬂ‘?zfdga%ll é}gas% AL H%kglie 4 by

light. The aving o e po y the Teaving group 1's adva

the irradiation.of. ultraviolet l|ight .and by the resulting heating. In
i t1 on, - creiishandte P SRl ot el AR S OO oa by Thi s
heating. 5 ¢ that in this nmethod of nmanufacturing an optical
wavegui de f ng body, an exanple is described where the nmateri al

that is enployed for the core layer formation filmmterial 31 is one
where e T ef 1 actl VI PHIBET GITEHPLHPRTEEV I bt 1?"1“8&0’&358‘%6%‘%%%

irradiation thereon of ultraviolet Iight and by the resulting . .
heating. [ dudweles thgiahsarpiien myimumgyaielengip o the distphele-acis gengrgiop (tais is
l'i ght having a wavel ength which includes the absorption maxi mum
wavel engt h referredhie telowsas fpeiolisavadlpidighesraliaelncaled Hesymbol Bifany sdiatpd
below as first ultraviolet light and is allocated the synbol 33A) is
i rradi at ed coftt opatiposftithoreretaybhermoios filayeterfabd hésee 61G. f7A) by peingrfomal
31 (see FIG 7A) by using, for exanple, a photonmask 32 (see FIG 7A).
Af t er that exhypleleephohedisk A9 (eh€1G OAY. | Afterthat, by then heating the core layer
15  formation film material 31, as is shown in FIG. 7B, the core layer 211’ is obtained.
Because the core layer 211" obtained here has a film shape, this is referred to below on
occasion as a core film.
The photomask 32 which is used here is one which has apertures 32a that
correspond to the areas of the cladding portion 21b of the core layer 211' to be obtained.
20 Asaresult of this, in the core layer formation film material 31, the refractive index of the
irradiated areas onto which the first ultraviolet light 33 A has been irradiated is lower than
the refractive index of the non-irradiated areas where the first ultraviolet light 33A has
not been irradiated, and a core film 211° which is a single layer optical waveguide which

uses the non-irradiated areas for the core portions 21a is obtained. Namely, by

25  irradiating the first ultraviolet light 33 A via the photomask 32 onto the core layer



15formation filmmaterial 31, as is showmn in FIG 7B, the core |ayer
211" is obtained. Because the core layer 211' obtained here has a
filmshape, this is referred to bel ow on occasion as a core film

The photomask 32 which is used here is one which has apertures 32a
that correspond to the areas of the cl adding portion 2 |b of the core
| ayer 211 to be obtained 20As a result of this, in the core |ayer
formation fPumpipmiiln maferigh3l, ftispesgiblede patieen the 4% PSTIIAhe i rradi at ed
areas onto which the first ultraviolet |light 33A has been irradi ated
is lower the#7i1he refractive index of the non-irradiated areas where
the first ultraviolet |light 33A has not been irradiated, and a core
film211' whi ch Asthg ceierlgyos férmption Hlpt metatialddy & grlshepoakible o ussagndtérial
non-irradi ated areas for the core portions 2la is obtai ned. Nanely,
by 25i rr adivdierente telfiactivierisdexwif irraahetal aetaslis gihstd B heviradidtioa tiphamarfelsk 32
onto the core layer 37 formation filmmaterial 31, it is possible to
pat t er n5t heirg alteaviptst lighiB3 AL 004 #flis case, the phforiasie whihes hsay &ronk hightHa® N
filmmaterial 31, it is also possible to use a material where the

refractive apdiiees bt chiréspohdlothe ALAT tﬂe%ofegﬂo?ﬁ'&lst?)la bh@e bék afeAiiioNn
thereon of the 5first ultraviolet light 33A. In this case, the

phot omask Wii@Ns tohelbbBiinddS ARG r%it%?th‘&?ﬁlea}ﬂ%i‘étlé{ g3ad Widre ﬁﬁ%&iﬁﬁeﬁﬁ@ﬁ to
1 f iC s to

the areas of the core portions 21la of the core [ayer 211

be Obtai”eﬁmfﬁ%ﬁ%u&ﬁéﬂﬁ&iﬂ@c&@%ﬁﬂ?h@fhﬂrradiated areas where

ultraviole was | rradr at ornmed the core portions 2la. [0048]
10Next, as &ﬁ_fhomn in FIG7C, a cladding |layer formation film
mat eri al 3£ mﬁ ch has been prepared in advance is

t hern npr essi oy- honded ont.o surfaces of_.the care fil 1,
and o HGrer ot | ARESEB0dy P8 TEs 8 Ehites By 6y ol TR (AR Y e
o o™ mrern B h B erbgp o bomed bbbl STtk of e ©

core film 211', and a material laminated body 35 (see FIG. 7D) that is formed by the core
film 211 and the cladding layer formation film material 34 is obtained
(thermocompression bonding step).

15  [0049]

The cladding layer formation material 34 is obtained by molding the material
which is to be used to form the cladding layers 212” and 213’ (i.e., the cladding layer
formation material) into a film shape, and then forming the trenches 21e which are used
to secure the air layers 21c (i.e., the air cladding) in the optical waveguide forming body

20 21 on one side thereof.

It is preferable that the depth of the trenches 21¢ is between 1/3 and 1/2 the
thickness of the cladding formation film material 34, and the width (i.c., the trench
width) thereof is 2 to 3 times the width of the core portions 21a (i.e., the width of the core
portions 21a when the core layer is viewed in plan view. If the core portions 21a have a

25  square cross-section, then the width is to be the length of one side of that cross-section).



15[ 0049] The cl adding |l ayer formation material 34 is obtained by

nol ding the material which is to be used to formthe cladding |ayers
212" and 213" (i.e., the cladding layer formation material) into a
filmshape, and then form ng the trenches 2le which are used to
secure the air layers 21c (i.e., the aBg cladding) in the optical
wavegui de form ng body 2021 on one side thereof. It is preferable
that the dé&pithergpre, Heorderdp ehian the desired prapafivapl offegt figryan ppticaljgaveguide

t hi ckness of the cladding formation filmmaterial 34, and the width
(i.e., the fenmdngbody epme)y, flaxibdity, folding cpdyrgice, and she suppigisginof oty tose
core portions 2la (i.e., the width of the core portions 2la when the
core | ayer incsease Gwethd maipleaancey bEalow 1bsstlbree])cwlian bpoding defernitian hsapplied
25square cross-section, then the width is to be the length of one

si de of t haliergto,dsspsfatblomat als@h dmadtuetured eptickhwaredeide fodmblattaidn thehe
desired operational effect froman optical waveguide form ng body,

nanmel y, sf | expthiof therenéhek didig bemaen 80Gad 12NHe thiknsdd PP R TRidang MyeRBNd
| oss increase (i.e., the maintenance of a |ow | oss |evel) en

bendi ng defirpmit @erebSis 2RPS kgl HA QS HelcolSpRiighkeiabl e that also in
a manufactured optical waveguide form ng body the 5depth of the

trenches 2 Sbf between 1/3 and 1/2 the thickness of the cladding
| ayer, and the width thereof is 2 to 3 tinmes the width of the core

portons 212 LORSRl\ESRATR AR e LR P
exanpl e, b)(hei t?e%‘é}?és%ie E]s(“jfoxairnv?!d(’,il for I;axa(nill;[le,ibﬁ ig‘gcﬁgt?r{gaabllas%f (i{ 1%rpreferable, for
10 example, for an excimer laser to be used) onto the cladding layer formation material
which has been molded into a film shape. However, the method that is used to form a
cladding layer formation film material 34 having trenches is not limited to this. For
example, it is also possible to form the trenches using mechanical processing such as by
cutting a cladding layer formation material which has been molded into a film shape, or
15 by forming trenches in the desired positions using a pattern etching method. Moreover,
it is also possible to employ a method where, when a varnish containing a cladding layer
formation material is coated onto a resin film or the like so that a dry coating film is
obtained, molding components that have protruding portions in order to form trenches
are used so that a cladding layer formation film material 34 having trenches is obtained.
20  Furthermore, it is also possible to employ a method where a cladding layer formation
film material 34 having trenches is obtained by impressing a hot plate having protruding
portions that are used to form trenches onto a cladding layer formation material that has
been molded into a film shape.
[0051]

25 In the manufacturing method described here, the cladding layer formation



10exanpl e, for an exciner |aser to be used) onto the cladding |ayer
formati on material which has been nolded into a fil mshape. However,
the nmethod that is used to forma cladding |ayer formation film
material 34 having trenches is not limted to this. For exanple, it
is also possible to formthe trenches 3%i ng nechani cal processing
such as by cutting a cladding | ayer formati on material which has_been
mol ded i nt &erk} PR PR YIB?rngB’Ei‘ﬁ aﬂ’@WFﬁeﬁﬁ BfUR RS HEBIIPRATYICRBSIdES] padalso
positions using a pattern etching nmethod. Mreover, it is also

possi bl e t 69%APs dyecandrphdigracidigencaatonieph bas\aaehiospiiaagnxanampvalength

cl adding layer formation material is coated onto a resin filmor the
| i ke so t hahat & diffgrentdeom thgt o theriiissphoite-adicth eeheranpladi mpichonpativend by theat
have protruding portions in order to formtrenches are used so that a
cl addi ng | ayshatioortima¢dnar uitralvinlerdight soab ti3dknbrateiangl. t r enches i s

obtai ned. 20 Furthernore, it is also possible to enploy a nethod

wher e ascl addi ngAk ayetadfing N@iet ftmhtidnnfilmhaeniA34 3ds paibiototukglighes i s
obtai ned by inpressing a hot plate having protruding portions that

are used t exdn1eNal drf BENE@BHIANWaiAedChyd@dinDont @Y BsmpHeRBubIPRs IR FHild!
t hat has been nolded into a fil mshape. 10051] 25In the manufacturing

met hod desgid befme QatitPeonslcadddh NarhRY Ghich @0 8Bdch QReated Dy WAL In core
contains a pol ymer having a pol ymeric group as its primary

const i t ueni,y. A, M 5%,4AM LA la@th% gﬁ)?ﬁ?ﬂeé'l{ﬁg%sd%&%é? 20§ Qe%?f?ﬁ ot%@éi& h

has an absorption maxi num wavel engt I erent fromthat of

the first %Qfe%é%éxaﬁﬁia%?’%ﬁﬁf&te%aﬁggnwdgﬁ‘[l t!)lﬁel%cc}ritﬁ’eaﬁkzsﬂ 22y ﬁegggilgg_ this,

irradiatio ereon o ravi SO as to generate

t he cl agdi ng_| ayer, farmat | fi.l m erial 34 it s possible to use,
for exdfipl Samis Tt Sl Bt e RhE PRy i Ay RE SR SriBaent
such as aresin film(i.e., a varnish coating conponent) a varnish
whi ch has B88P°%Pkat ed by di ssolving core |ayer formation materials
such as the aforenenti oned pol ymer and second photo-acid generator in
a sol vent {§%¢#] exanpl e, anhydrous tol uene or the like), and then
drying this 10varnish. This dry coated filmis used after bei n]g
renoved fromt heTh/eaﬁePﬁ@kph@@aﬁcil‘%@:né@Fﬁpjehé hes anf he@plion maximum wavelength

in the ultraviolet region in the same way as the first photo-acid generating agent.

15 The polymer of the cladding layer formation film material 34 is a polymer
where the polymeric group performs a cross-linking reaction due to the action of an acid
(preferably a proton) discharged by the activated second photo-acid generator after the
irradiation thereon of ultraviolet light.

The acid that is discharged by the irradiation of the second photo-acid generator

20  is one that is intended to generate a cross-linking reaction in the polymeric group of the
polymer of the cladding layer formation film material 34.

[0053]
The thermocompression bonding is performed by heating the core film 211’ and
the cladding layer formation film material 34 while the cladding layer formation film

25  material 34 is in contact with the core film 211°.  The heating temperature is set by



The second phot o-aci d generator al so has an absorpti on maxi mum
wavel ength in the ultraviolet region in the sane way as the first
phot o-aci d generating agent. 15The pol ynmer of the cladding |ayer
formation filmmterial 34 is a polynmer where the pol yneric group
perfornms a cross-linking reaction due %40 the action of an acid
(preferably a proton) discharged by the activated second photo-acid
gener at or &bsasying R glasp gatisittandempdietieolg ffihagore Blm 31 1éand thgglass

The acid that is discharged by the irradiation of the second

phot o- aci d tgasigeratempe2Oirs Tonkthe pladding layert fornpsion tfidbm getaiah 84 aad then
cross-linking reaction in the polyneric group of the polyner of the
cl addi ng | ageng frermhsingaempdrhtmrcrratqral &l ordeatdr @D 3fe lower of theEhglass

t her noconpressi on bonding is perfornmed by heating the core film 211"

and the cl adgdifiéh feRipeani@rmgat Byniofngl this)aé edre dilm 341 "\whd/betht brddihadgeng
| ayer formation film25material 34 is in contact with the core film

211" . The heaiatiog filie MRRTRAL 34 fe hdat&Bb al¥mpAsuRRYBA1 819%2:51& tHAASS glass
transition tenperature Tg of the core fI?ﬂ]le' and the gl ass

transition Uragm?ﬁ{ t@ﬁgéﬁm}_& afd cdrbEueh@AdEn, | BYRLurd grtﬁ@ltaifpgﬁeé dolato

material 34, an n setting the héating tenperature equal to or

greater th%aPhgﬁg%ﬁﬁﬁ§?ﬁ%ﬁ%@ﬁﬁﬁdggasS transition tenperatures Tg. By

doing this, 1" and/ or the cladding |ayer 5formation
filmmaterigd 4 4 are heated to a tenperature equal to or greater than
t he gl ass Jréh ition tenperature, and consequently nelted. Pressure

's then applied R0,2% { hAMhBYE A SEID GO RESSR! LRan g Giort ARG 3,
10 ultraviolet light that contains the absorption maximum wavelength of the second
photo-acid generator but does not contain the absorption maximum wavelength of the
first photo-acid generator (hereinafter, this is referred to as second ultraviolet light and is
allocated the symbol 33B) is irradiated onto the entire surface of the material laminated
body 35. After this, the material laminated body 35 is heated, and the cladding layer
15  formation film material 34 is cured (cladding formation step). The cured cladding layer
formation film material 34 forms the cladding layers 212’ and 213’ whose refractive
index is lower than that of the core portions 21a of the core film 211°.
[0055]
In the cladding layer formation film material 34, the cross-linking of the
20 polymeric group (i.e., cationic polymerization) is advanced (in other words, the curing
and the transition to a cladding layer is advanced) by the irradiation of the ultraviolet
light and the subsequent heating, and the cladding layer formation film material 34 is
cured so as to form a cladding layer (cladding formation). In conjunction with the
curing of the cladding layer film formation material 34, there is also an improvement in

25  the tightness of the adhesion between the core layer 211° and the cladding layer



Next, as is shown in FIG 7E, using, for exanple, a wavel ength cutoff
filter 36, 10ultraviolet light that contains the absorption maxi num
wavel ength of the second photo-acid generator but does not contain

t he absorption maxi num wavel ength of the first photo-acid generator
(hereinafter, this is referred to as sétond ultraviolet light and is
al l ocated the s ol 33B).is irradiated onto the entjre surface of
the materi émaa%wnﬁkw B@teHaLRA- 39 he AFgtiag ting; 03 the;hsatmgpegioraed 3itghihsat ed
body 35 is_heated, and the cladding |layer 15formation film material
34 is curedrydiatioaof fig speondatitiayipledighis setgpacigreasire thatde plgdding Ermation
formation filmmaterial 34 forns the cladding |ayers 212" and 213
whose r ef r &ict.i thecrossdénkingsrehasine) ofithagladding lapdr fermation fibm puteriebis 21a of
the core film211'. [0055] In the cladding layer formation film

mat eri al 3frogrdsses catdmstdrily kidifewmstopshe 20pol yneric group (i.e.,
cationic polynerization) is advanced (in other words, the curing and
the trafsition tBy perfdradeh thiy stepye opticabdwasgarld forbiind talyion I whlicRisizon of
the ultraviolet Iight and the subsequent heating, and the cl adding

| ayer for mairnyéd dpbidTRiaREdiade Bédeivp FlicaBrSiRy@2 11 Anfl GeBlAdGIgasks T 2°
| ayer (cladding formation). In conjunction wth the curing of the

cl addi ng | ayes13 bh BbhHQURRIHRDT FRbehcal(FRA7rf here is al so an
i nprovenent 1 n 25the tightness of the adhesi on between the core |ayer

211' and t Sgiadding | ayer 41 formation filmmaterial 34. The
heating ti of the heating perforned after the irradiation of the

second ul travi ol E% P.Aeslb%g]i StLt%il ?ﬁ(ﬁ/ls,itge gesco{u? Pl%)ﬁ -h%& g%r[%?attortot}?&félgcgﬂ’lg;l%{er

formation (i.e., ross- reac e cla ng
Lor et B ORIEH babee RURLRIR CBMG RSP R, B
o ST S P S5 B BB s G
obtained (FIG 7F). . . . . ,
as to generate acid. In the cladding formation step, the second ultraviolet light 33B
which contains the absorption maximum wavelength of the second photo-acid generator
but does not contain the absorption maximum wavelength of the first photo-acid
15  generator is irradiated onto the material laminated body 35. As a result, the first
photo-acid generator of the core film 211° is essentially not sensitized by the second
nltraviolet light 33B and essentially only the second photo-acid generator is sensitized.
[0057]
The wavelength cutoff filter 36 which is used in the cladding formation step
20 occludes light having a stipulated wavelength as well as light having a wavelength
shorter than the stipulated wavelength, and only transmits light having a wavelength
longer than the stipulated wavelength. When this type of wavelength cutoff filter 36 is
used, it is essential that the absorption maximum wavelength of the first photo-acid

generator is shorter than the absorption maximum wavelength of the second photo-acid

25  generator.



J 0056] As has been stated above, the second photo-acid generator of
the cladding layer 10formation filmmaterial is activated by the
irradiation thereon of ultraviolet |light having a different

absor pti on maxi mum wavel ength fromthat of the first photo-acid
generator so as to generate acid. In the cladding formati on step, the
second ultraviolet |light 33B which contains the absorption maxi num
wavel engt h of t hEorssaopld, if hstavelawgitidcuelf Gitat 3ris bied vdhdedsooahdeclight ahase

t he absorption maxi num wavel ength of the first photo-acid 15generator
i s irradi ateseclomndtivist30 nmudrdess ahd bdpitmadnad ligbtyavais.a werelengbdaiger thahe
first photo-acid generator of the core film211' is essentially not

sensi ti zed 30y nih@ics RCIORELWH inrFagi 8 hehotol @l geddBon(RA®S $€AIG. 8) Wiosenl y
t he second photo-acid generator is sensitized. [0057] The wavel ength

cutof f il GBorptfonWiixGrhurh vavsieshth i Jobentdasdiin@1dRu T&tth®frss pefo-acid
20occl udes |ight having a stipul ated wavel ength as well as |ight

having & W%&géﬁatﬁ&gsﬁ SHd-8did g&é&t(tﬂ%@ti Rutat Gdvisey As8REbA madiehon! ¥

transmts aving a wavel ength | onger than the stipul ated

wavel engt h gsia\/rpgxg%tﬁ Fi%eaté%%n%foo WaVi§ lsagc%({"fo? Hlte%if:éonti %)h&tg—][acit%%ghs?ratgﬁ e qn it

IS essenti sor pt1on maxi mum wavel eng Irst

phot 0- 21 4 4enet 3t 0L by HOL Sk b NARLE ARSRL AL RS Wi

wavel engt h -acl nera

example, if a wavelength c ff filt 36 is used i ch occl.udes
Gt vihos @ RaaN St Hheta s b s Klog SXamie. ST Pamied PEHNGh,
havi ng a wavel ength I onger than 300 n then as .i.s shown in Fl. 8, a
phot o- aci d Y§¥rendth srwithpesrapeg g F0gm &@%{@és ‘ésﬁgé?rﬁﬁ‘? it WH’SE‘?H’{}&
wavel ength is 300 nmor less is selected for the first photo-acid,

1 generator, and that a photo-acid generator whose absorption maximum wavelength is in

the vicinity of 365 nm (I-rays) is used for the second photo-acid generator.

Note that the term ‘absorption maximum wavelength’ is the wavelength where
the peak value of the absorbance is obtained (i.e., the maximum absorption wavelength),
for example, in the PAG-1 curve and the PAG-2 curve in FIG. 8.

15  [0058]

As is described above, if the absorption maximum wavelength of the first
photo-acid generator and the absorption maximum wavelength of the second photo-acid
generator are mutually discorded, then the first photo-acid generator is essentially not
sensitized when the second ultraviolet light is irradiated onto the entire surface of the

20  material laminated body 35 during the cladding formation step. Because of this, acid
does not become generated from the first photo-acid generator which is remaining on the
core portions 21a of the core layer 211°, and the refractive index difference generated
during the formation of the core layer 211° does not become reduced or eliminated.
Namely, the optical waveguide structure of the core layer is not damaged by the

25  irradiation of the second ultraviolet light over the entire surface of the material laminated



5 generator, and a photo-acid generator (PAG 2 in FIG 8) whose
absor pti on maxi num wavel ength is greater than 300 nmis selected for
t he second photo-acid generator. In this case, for exanple, it is
preferable that a photo acid generator whose absorption maxi mum
wavel ength is 300 nmor less (for exanfbe, whose absorption maxi mum
wavel ength is within a range of 150 nmto 300 nm is used for the
first phot89§%id 10 generator, and that a photo-acid generator whose
absorption_maxi mum wavel ength is in the vicinity of 365 nm (I-rays)

i s used folO®Re second photo-acid generator. Not e that the
term ' absorption maxi mum wavel ength' is the wavel ength where the peak
val ue of the absHeiranereinthe Gbmaicamgressionebondingef thpdladdmgdbramtion fibm
wavel ength), for exanple, in the PAG 1l curve and the PAG 2 curve in
FI G 8. 15n(@58] onto the coreAsyer 81 dethe glabedhmiviou ésmpcfatyrh &g phisoropghd on

maxi mrum wavel ength of the first photo-acid generator and the

absor pt b on immbition oY the wedoad githavinlet ligkt is Re@n corplapidre atteidthgRadiafibo bf te e
nmut ual Iy di scorded, then the first photo-acid generator is

essenti al | ¥eddad ub@nidict ligled Vérankselol ehi§ B thetthdcompieddiod bord@plis i S
irradiated onto the entire surface of the 20material |am nated body

35 during b&%rﬁieagﬂbm the ARkl NoStheRcoRPOaES Oight Bid theaGdddiftoes not
beconme generated fromthe first photo-acid generator which is

remai ni ng oR1h6n KR HaRALE [N SosSbR tQEechhﬁe ﬁe%iﬁ%ﬁ%ﬂ@fattgégﬁd rgsgﬁlret he

refractive 1 ndex difference generate uring ormati o t he

opt | car vay@or 4S8R AR aRARR LSRG oPL LR bR "Xy L iR
Zo b el SOy LBl p Do BB B SONY AR
ont 0 ho. CBRETHRJERPIITR T4 HahejP Al PRSI IUR PR at ur o Tg pri or

to the 5irradiation of the second ultraviolet light is |ower conpared
to after the irrMareavsoby Rrfofpmeg the thermocompression bonding step, in the

subsequent cladding formation step, even if the heating which is performed after the
irradiation of the second ultraviolet light is carried out via batch processing using oven

15 heating without any pressure being applied, it is still possible to satisfactorily increase the
tightness of the adhesion between the core layer 211° and the cladding layer formation
film material 34. Performing the heating in the cladding formation step via batch
processing is preferable in that it becomes possible to simultaneously process a plurality
of material laminated bodies and thereby improve productivity.

20 [0060]

For the irradiation apparatuses used to irradiate the first ultraviolet light and
second ultraviolet light, for example, high-pressure mercury lamps or metal halide lamps
or the like can be favorably used. The wavelength range of output light from irradiation
apparatuses such as high-pressure mercury lamps and metal halide lamps is broad and, as

25  1sshown in FIG. 9, is within a range of approximately £ 100 nm on either side of a



second ultraviolet [ight, because of this, if the thernoconpression
bonding is perforned prior to the |rrad|at|on of the second
ultraviolet light onto the cladding formation filmmaterial, it is
possi ble to keep the heating tenperature and pressure required for
the thernoconpression bonding at a | owshevel . Nanmely, it is possible
that 10t he thernoconpression bonding is perforned at a tenperature in
t he vi ci ni twavelengtinef #10ass  tInpagicuias rrradéaiion pppatgteseT ghabantehsure p suidicient
formation filmmterial. Moreover, by performng the

t her noconpretpsi light boaditynog the eipinitias of P20 wup¥éeue pbd 36 amdarguggastedt | Bn
step, even if the heating which is perfornmed after the irradiation of
t he second ulittavicdatlightedutguit @bin dnSiredistionegpparatus isita bb atadlintql @teHs infugerial
using oven 15heating w thout any pressure being applied, it is stil

possi bl e t QurSiahtbSbAHAIBJid ¥ waRAERASEutd A Altéd ABA N@SSossibletih asad ARG Iellbly
between the core layer 211' and the claddlng | ayer formation film

et er i ak 3der SRR MU hORsRAbA Bbxinflad vdibaddirnge fiaf pRAd.ARa St ep

via batch processing is preferable 1n that it "becones possible to

s1 mul{ aneoSiat Bl BGEH by MR uP ALY kbbb AT 0Rd o Bsrand

t her eby i nprove producti For eirr tion
appar at uses usedE%P Hajn&mﬁffdthe first uItraV|oIet | i ght and second
uItraV|oIefnq?é%% P exanpl e W‘gh pressure nercury Ianps or neta

hal i de | anps or ﬁ% can he f vor abl Th L th range
of output Tight FPGA ARG REp Rt ﬁ@ﬁ%ﬂe Grermboth it dsure
mercury | anps and net hal i de | anps is and 2§ﬁs shown in
FIGY, is NatVFﬂF?ﬁt]éc‘itaﬁ%éét%‘P U3l IR biGeen bR i THORUE de of a
44 wavel ength of 300 nm_ |In particular, irradiation apparatuses that
can endlr e meximym wevdenstingk e first phie-acid gerrsttenis longeiban the pRorptos of
220 nm 300 nm and 365 nmare suggested. If ultraviolet |ight output
from an i rmeedinauh onvelprer of the sicend phdieadid gendiadered onto the materi al
| am nat ed body 35 via a wavelength cutoff filter, then it is possible
to easily 4qo@blteliably 5 renmove |ight having the absorption maxi num
wavel ength of the first photo-acid
As the leaving group of the component polymer of the core layer formation film
material 31 which is used to form the core layer 21a, it is preferable that at least one of an
15  —O-structure, a —Si-aryl structure, and an —O-Si-structure is present in the molecular

structure thereof. These leaving groups are able to leave comparatively easy due to

cationic action. Of these, at least one of a —Si-diphenyl structure and an —O-Si-diphenyl

structure is preferable as the leaving group that causes a reduction to occur in the

refractive index of the polymer as a result of the leaving.

20 [0062]
Examples of this type of polymer include cyclic olefin resins such as norbornene
resins and benzocyclobutene resins, acrylic resins, methacrylic resins, polycarbonate,
polystyrene, epoxy resins, polyamide, polyimide, polybenzoxazole and the like, and

combinations of one or two or more of these may be used (for example, polymer alloys,

25  polymer blends (i.e., compounds), copolymers, and the like).



generator fromthe output light froman irradiati on apparatus such as
a high-pressure nercury lanp or a netal halide | anp. Not e t hat
the present invention is not limted to an enbodi nent where a

wavel ength cutoff filter is used. There may al so be cases where the
absorption 10 maxi num wavel ength of thd5first photo-acid generator is
| onger than the absorption nmaxi pum wavel ength of the second

pho'? o-aci d gener‘gf“(%g BosHNe norgymeneﬁs“ﬂ%égi Ié’él?ﬁrﬂ"gjle‘g’ﬁﬁﬁﬁlﬁmb@?ﬁés the
conponent pol yner of the core layer formation filmmaterial 31 which
i s used toPFiBIR ORWORYY és Ragijufarly preferable; By panpgp apibermengbased polymet for
one of an 15-0-structure, a -Si-aryl structure, and an

- 0- Si - st r ugeurodymes agpredayer whiththae supstiemnhiota-trasmissivify, dlexivditaend These

| eavi ng groups are able to | eave conparatively easy due to cationic
action. O thehwsessisteance emcte cbtgnedf Mordiver] bgrhaeseyal nosharant-taeedpotynan has
-0-Si -di phenyl structure is preferable as the | eaving group that
causes & r aghdiviephdticigee vire layet thet is ekisaat fo\ddménsibaxl cdbndeheaed yyrer as
a result of the |eaving. 20[0062] Exanpl es of this type of

pol ymer i nedoihre aysotption@h&fhenike esi BiSotsalfdd. as nor bor nene resins and
benzocycl obutene resins, acrylic resins, nethacrylic resins,

pol ycar bongjga] pol ystyrene, epoxy resins, polyam de, polyim de,

pol ybenzoxazole and the |Iike, and conbi nati ons of one or two or nore

of these may b es?l?ee&ﬂgr{?éne%m ﬁ'éna? %{eﬁgﬁ&gﬂeloﬂﬁ Erat #=2Re Hyd@%%ag lg ends

(i.e., conmpound copol yners, §

S L T e
o 00T B9 BER, BN iy, PELA B PUF Bl BR
TR ML BTN T A e W AL
caused by ?(‘%i)gglynrleerizgggnogtp at Ao?lglon?erxllg n&or;l%mleli'; ke(nggdit?gn g)gf)gzimg?sddf norbornene
monomers and ethylene or a—olefins; (3) Addition copolymers such as addition
copolymers of norbornene monomers and non-conjugated dienes, and addition
15 copolymers of norbornene monomers, non-conjugated dienes, and other monomers; (4)
Ring-opening (co)polymers of norbornene monomers and resins obtained by the
addition of hydrogen to these (co)polymers; (5) Rimg-opening copolymers of
norbornene monomers and ethylene or a—olefins, and also resins obtained by adding
hydrogen to (co)polymers of these; (6) Ring-opening copolymers of norbornene
20 monomers and non-conjugated dienes or norbornene monomers and non-conjugated
dienes together with other monomers, and also ring-opening polymers such as polymers
obtained by adding hydrogen to (co)polymers of these.
Examples of the aforementioned polymers include random copolymers, block

copolymers, and alternating copolymers and the like.

25 Among these, it is particularly beneficial to employ an addition polymer of a



[ 0063] The norbornene-based polymer may either be one that has an

i ndi vidual repeating unit (i.e., a honopolyner), or one that has two
or nore norbornene-based 10repeating units (i.e., a copolyner).

Exanpl es of this type of norbornene-based pol yner include: (1)

Addi ti on (co)pol yners of norbornene noggners obtai ned by the addition
(co)pol yneri zati on of a norbonene nononer; (2) Addition copol yners of
nor bomrene morbomens pelpaerinhydt e s onabes @lcefe lmger h\@hg Aubdiier tomsmogey.y mer s
such as addition copol yners of norbornene nononmers and non-conj ugat ed
di enes, ancoaddiductivity]l Bexibifiol, ymiticat-ristaneero e netaimodo b= pver, an addition
non- conj ugat ed di enes, and ot her nononers; (4) Ri ng-opening

(co)poly ma;pﬁlyﬂfer BOL ROPENEnd PUNAR has BB SurfRs hdianaBd ashinel rdfvictivedndex can
addi ti on of hydrogen to these (co)polyners; (5) Ri ng-opening

copol ymer s paf,djQE P AFRAGNFBA MRS FRMe BhdlY LEME additidn MIghbmsThand al so
resins obtained by addi ng hydrogen to (co)polynmers of these; (6)

Ri ng- opgni qlgrb%%%g%&of nor bor nene 20 nononers and non-conj ugat ed
di enes or norbomren noners and non-conj ugat ed di enes together with
ot her nono 63’ and al so ring-opening polyners such as pol yners

obt ai ned bgﬁé lei ng hydrogen to (co)polyners of these. Exanpl es

of the aforenentioned pol rs ipclude random copol S.... bl ock
copol ymers, and &f ﬂgrpﬁgﬁ%&’ 85%%&9%? é“‘{%ﬁbs ?ﬂ%eﬁgﬁ%ye@g%&%%%apﬁé%,
it is particularly beneficial to enploy an addition polyner of a 46
nor bonene P lﬁ‘i‘?@i‘g grﬁug,ﬂg{he?ﬂwg&ghﬁgggﬂg IE%E(E‘YF‘%VS ?‘0‘2‘8?/‘%{?1‘86@ apdri or
transparency, non-conductivity, flexibili t%/, and heat-resi stance to
be obt ai nedoPNBRES YERexyArbauRfne pah dightny eIy Mo omshe BIeHERE BBT A
has the further advantage that the refractive i ndex can be adjusted
dependilflg orefemelytggse of side chain of the addition polynmer of the 5
nor bonene pol yner. [0064] As the pol yner whose refractive
index is rddfdéd as a result of the |leaving by the |eaving group,
di phenyl net hyl nor bornene net hoxysil ane honopol ynmers and copol yners
of hexyl nor bonenExamsleshfphefiyt phetdiydid porcborendudee tniditen tarealdan be
(pentafluorophenyl) borate and hexafluoroantimonate, tetrakis (pentafluorophenyl)
gallate, aluminates, antimonates, other borates, gallates, carboranes, halocarboranes, and
15  the like.
Commercially available product examples of these co-catalysts include:
“RHODORSIL (registered trademark — the same applies below) PHOTOINITIATOR
2074 (CAS No. 178233-72-2)” obtainable from Rhodia USA Co. of Cranbury, New
Jersey; “TAG-372R ((dimethyl(2-(2-naphthyl}-2-oxoethyl) sulfonium tetrakis
20  (pentafluorophenyl) borate: CAS No. 193957-54-9))” obtainable from Toyo Ink Mfg. Co.,
Ltd. of Tokyo, Japan; “MPI-103 (CAS No. 87709-41-9)” obtainable from Midori
Kagaku Co., Ltd. of Tokyo, Japan; “TAG-371 CAS No. 193957-53-8))” obtainable
from Toyo Ink Mfg. Co., Ltd. of Tokyo, Japan; “TTBPS-TPFPB
(tris(4-tert-butylphenyl) sulfonium tetrakis (pentapentafluorophenyl) borate)” obtainable

25  from Toyo Gosei Co., Ltd. of Tokyo, Japan; and “NAI-105 (CAS No. 85342-62-7)”



10preferably used. [0065] Exanples of the first photo-acid generator
include, in addition to tetrakis (pentafl uorophenyl) borate and

hexaf | uoroanti nonate, tetrakis (pentafluorophenyl) gallate,

al um nat es, antinonates, other borates, gallates, carboranes,

hal ocar bor anes, and 15the |ike. 4Commerci al |y avai |l abl e product
exanpl es of these co-catalysts include; "RHODORSIL (registered
tra(rtlrgnark -Obiaﬁlégkaﬁf?én i %ag'épam}tqbﬂﬁ@m BPHTOR 2074 (CAS No.
178233-72-2)" obtainable from Rhodia USA Co. of Cranbury, New Jersey;
"TAG 372R d%Qﬁﬁ]ret hyl ( 2- (2- napht hyl ) - 2- oxoet hyl ) sul foniumtetrakis 20
(pent af | uorophenyl ) borate: CAS No. 193957-54-9))" obtainable from
Toyo I nk M g. Cobxanples ofgiie choititeent dasainl used/fir tHe03add@®gIaiNo formation film
87709-41-9)" obtainable from M dori Kagaku Co., Ltd. of Tokyo, Japan;
"TAG 371 Chftdal 34 BBRBT cdic 8)efih-takddabsiedrnd the ldm shcya denktic Msins, Co. ,
Ltd. of Tokyo, Japan; "TTBPS- TPFPB (tris(4-tert-butyl phenyl)

sul f oni 8M hethaakilis rdspRNEcarHoaitkd) o pRheayd, kpdX9iradig) polpdrhidés) pollEnidss,
from Toyo Gosei Co., Ltd. of Tokyo, Japan; and "NAI-105 (CAS No.

85342- 62- TholybénZzoRd¥bRb RRIRyEIDRURM A redfdg akdndoBornedet ¥hsedsidRky 0,
Japan. [0066 Exanpl es of the constituent material used for

the claddi mgnéaeior EQRBRAL AR of toBr MREESH 1Bibse by BAGk MG DK EhpIE, polymer
ol efi n-based resins and the |ike such as acrylic resins,

alloys, polymer blends (i.e., compounds), copolymers (i.e., laminated bodies, and the
like).

10 Among these, it is particularly preferable in view of their superior heat
resistance that cyclic olefin-based resins such as epoxy resins, polyimides,
polybenzoxazoles, benzocyclobutene-based resins, and norbornene-based resins and the
like or else resins that contain these as their primary constituent are used. Those that
contain norbornene-based resins (i.e., norbormene-based polymers) as their primary

15  constituent are particularly preferable.

[0067]

Using norbornene-based polymers as the constituent material of the cladding
layers 212’ and 213’ is beneficial in that it enables cladding layers 212" and 213 that
have superior transparency, non-conductivity, flexibility, and heat-resistance to be

20 obtained. In addition, because of the hydrophobicity of norbornene-based polymers, it
is possible to obtain cladding layers that are resistant to dimensional changes caused by
moisture absorption and the like. Moreover, norbornene-based polymers or the raw
material thereof, namely, norbornene-based monomers are preferable in that they are
comparatively low in cost and are also easy to obtain.

25  [0068]



5net hacrylic resins, polycarbonates, polystyrenes, epoxy resins,

pol yam des, polyi m des, pol ybenzoxazol es, benzocycl obut ene-based
resins, and norbonene-based resins. Either one or conbinations of two
or nore of these may be used (for exanple, polyner alloys, polyner

bl ends (i.e., conpounds), copolyners (#48e., |am nated bodies, and the
i ke). 10Anong these, it is particularly preferable in view of their
superior heat reEpéierness, if atateipbtantaiynef nerbpegakbased polymey psts peimary
epoxy resins, polyimdes, polybenzoxazol es, benzocycl obut ene-based
resins, andordifusais veedfashig magasiahef thieladdieg laydce 263 aed 3B rtbent i t hat
contain these as their primary constituent are used. Those that
cont ai n nombssidat-ditese dladdsg hager§ 212 and ALY iowbne-sopged rgsslapoetos) as
their primary 15constituent are particularly preferable. [0067]

Usi ng nor bdefonaathasach pdleyding andithe lihe consiestluefthisp@erifitehdiog t he

cl adding layers 212' and 213" is beneficial in that it enables

cl addi ng | ayRisatbhdcods depddiddly,tlitia tiffienfos iHR@NAYRE pédlial PS8y ween the
non-conductivity, flexibility, and heat-resi stance to be 20obt ai ned.

I'n addi ti 0RladBRE #ISR 20D’ RS 15V:A0 ARNBR! G1dr 191 aRPMRASERNEs BR$eHented

polynmers, it is possible to obtain cladding ayers that are resistant

to dinensi%gﬂum%ngggﬁaiﬁggé cQMdHE%ﬁ%H@ﬁZ@Qﬁ@ﬁ@?ion and the like.

Mor eover, nor bonene-based pol ymers the raw naterial thereof,

e Foa R TAIATFLS AR R kP

conparatively | ow in cost eas

Furthernore, | mat er i cont ai ni ,an onene- based pol yner,,as
s et mar sl fe PRI Pnf SRh B I: & Rl BRTERSHRERE SRRl e

| ayers 212' and 213!, then it is.pqssible to obtain cladding | ayers
AR i e bR S R e SR P S L et R
bending and the like. As a result of this, even if bending ,
5def or mat i GACIRENLL 1 epeatreylt of thisy infes-lger peeding petpigen the cloddipg ayprs 212

peeling to occur between the )
and 213 and the core layer 211° can be prevented.  Accordingly, because of reasons

such as this, the optical transmission performance of the optical waveguide forming body
is maintained, and an optical waveguide forming body having superior durability is
15  obtained.
[0069]
Examples of this type of norbornene-based polymer include: (1) Addition
(co)polymers of norbornene monomers obtained by the addition (co)polymerization of a
norbormene monomer; (2) Addition copolymers of norbornene monomers and ethylene
20  or o—olefins; (3) Addition copolymers such as addition copolymers of norbornene
monomers and non-conjugated dienes, and addition copolymers of norbornene
monomers, non-conjugated dienes, and other monomers; (4) Ring-opening
(co)polymers of norbornene monomers and resins obtained by the addition of hydrogen
to these (co)polymers; (5) Ring-opening copolymers of norbornene monomers and

25  ethylene or a—olefins, and also resins obtained by adding hydrogen to (co)polymers of



cl addi ng .l ayers 212' and 213" and the core |ayer 211', and

m crocracks are prevented from being created inside the cladding

| ayers 212' and 213'. If a material containing a

nor bor nene- based polyner as its prinmary constituent is used for the
material of the core layer 211' as wel B9 then because the materials
are the 10sane, the. cladding |ayers are provided with_an even greater
degree of &fREsi (éhﬁwgt(wewa% CROMENqry gidtorborpene monomersaad ppn-genipgaied
inter-layer_peeling between the cladding |ayers 212" and 213" and the
core | ayer diEngs orgwppopeng mopamners gnd percenngigasd dienpelogeise voith oteeisons
such as this, the optical transm ssion performance of the optical
wavegui de fsmpingyy, dnddysoirmgrmpening polgthersaneh ssrpobmereelitained/egaddihe
form ng body having superior durability is 15obtai ned. [0069]
Exanpl es ohydrhgs tbypopdimasobtwene- based pol yner include: (1)

Addi tion (co)pol yners of norbonene nononers obtained by the addition
(co) pol yrer i zat | Bxangflesaof gy dfovemBRticNed potehers (Z0ludddahdonDebpo ypRsy bltls of
nor borrene nononers and et hyl ene 20 or a-olefins; (3) Addition

copol yners c@lféﬁn@& aad ditdrh &t COPSIy MBEB hid Bk 1Er bonene nmononers and

non- conj ugat ed di enes, and addition copol yners of norbonmene nononers,

non-conj ugat ed dARRRS ihe@)H iOpPOUIIBNRABESa! 14 &hplF 392 RBPEEH @G)polymer in
(co) pol ymers of norbonmene nonomners "and resins obtal ned by tﬁe

dditi _ : . . .

addit1 on Ol OGN LRuRERSe 96 808 YIPERon BRoMAGRRALY

al 50 T esi N30 PBk ahARF O AT hNALAGGM &9 epRLYTer s of 49 these,
yners- ot nor

(6) Ri ng-opening cop ohene nmononers and non-conj ugat ed
di enes  Qr ﬁgﬁ@fnene nononer s and non-conj ugat ed di enes together with
ot her noners,; and al so ring-opening polyners such as pol yners

obtalned by scilpg e agen e, (EOURSL KRS, 0L nesg, SECATRLE,
layer formation film material 34 include a methacrylic group, an epoxy group, an
alkoxysilyl group, and the like. A norbornene-based polymer that includes repeating
units of norbornene having a replacement group that includes one of the above described
15  polymeric groups is particularly preferable. By including a repeating unit of
norbornene having a replacement group that includes a polymeric group, it is possible to
cross-link together either directly or via a cross-linking agent the polymeric groups of at
least a portion of the norbomene-based polymer in the cladding layers 212’ and 213°.
Moreover, depending on the type of polymeric group, the type of cross-linking
20  agent, the type of polymer used in the core layer 211° and the like, it is possible to
cross-link the norbornene-based polymer with the polymer used in the core layer 211°.
In other words, it is preferable for at least a portion of these norbornene-based polymers
to be cross-linked in a polymeric group. As a result of this, it is possible to achieve an
even greater improvement in the actual strength of the cladding layers 2127 and 213°

25  themselves and also in the adhesion between the cladding layers 212° and 213’ and the



copol ynmers, and alternating copolyners and the |ike. Anong
these, it is particularly beneficial to enploy an addition
(co)polymer in that this enables cladding layers 212" and 213" having
superior transparency, non-conductivity, flexibility, and

heat -resi stance to be obtained. 10[0076P Exanples of the polyneric
group of the constituent polymer of the cladding layer formation film
mat eri al 34°fedeyetidél’'a met hacrylic group, an epoxy group, an

al koxysilyl group, and the |like. A norbonene-based pol yner that

i ncl udes ré%%’ﬂlng units of norbonene having a replacement group that
i ncl udes one of the above described 15pol yneric groups is

particul arly preEsamaflésof tByserors] phdiorayidganepeatihohgle miatlditibn moetdinene
havi ng a repl acement group that includes a polyneric group, it is
possi bl e t gpantadmsrdpherylitoget herheehflilvesandmoagd,| tytrads (pémaffuorophenyl)
cross-1linking agent the polyneric groups of at |east a portion of the
nor bonepe- akRe apehifiey, ahtindtacs Cdibddongs| gares, cdibdrandd)Balddadboranes, and
Mor eover, depending on the type of polyneric group, the type of

cross- | i nkigpgjeOagent, the type of polynmer used in the core |ayer

211' and the like, it is possible to cross-link the norbonene-based

pol ymer with thec?&hﬁéf@z{l yUS&Eehbldbrbiifes %ﬁ%gés%ﬁﬂ{esgéolc alydls ﬁlElE&é wor ds,

it is preferable east a portion ese nor onene- based

pol yner's t arhe, %zomamasmﬁlﬂegog%é@%gw |58 § 0y S LEP R 0hs

this, it is possible to reater enent

actual str 0 s n e 1 2 the eres and
al so in thg@ﬂgﬁg%%%%f be ?ﬁ i%%%é@?%gﬁ?%iers %%&0% 4 and
t he corﬁ%k yer 211'. [0071] Exanpl es of the second photo-acid

generat in addition to tetrakis

The optical waveguide forming body of the present invention is not limited to
being manufactured using the above described manufacturing method. There are no
particular limitations on the method used to manufacture this optical waveguide forming
body.

15 In the above described manufacturing method which is provided with a core
layer formation step, a thermocompression bonding step, and a cladding formation step
(also referred to below as a post-irradiation method), it is essential for the absorption
maximum wavelengths of the photo-acid generators (i.e., the first photo-acid generator
and the second photo-acid generator) contained in the core layer formation material and

20  the cladding layer formation material to be mutually different. However, it is also
possible to obtain an optical waveguide forming body by performing thermocompression
bonding on a film-shaped material used for the cladding (where trenches have already
been formed) which has been formed into a film shape using, for example, a cladding
layer formation material that does not contain a photo-acid generator.

25 [0073]



(pent af | uorophenyl ) borate and hexafl uoroanti nonate, tetrakis

(pent af | uorophenyl ) 5gall ate, alum nates, antinonates, other borates,
gal | ates, carboranes, hal ocarboranes, and the |Iike. Comrercially
avai |l abl e product exanples of these co-catal ysts include "TAG 382"
obt ai nabl e from Toyo Ink Mg. Co., Ltd5lof Tokyo, Japan and "NAT-105
(CAS No. 8542-62-7)" obtaigable from Mdori Kagaku Co,, Ltd. of,
Tokyo, Japan. 10ygBi#5§se, as the corgfverfgmation muisriahy i 8 BOTSHISHONES BESR of
the present invention is not limted to being manufactured using the
above descFPBRRSitipaihatasesqyplic plefinrbeped Tesayas 16 PEMAE Baiptiglcapdgyhose
limtations on the method used to manufacture this optical wavegui de
f orm ng bodsfractis] indexhie changodbyits drddiasign teemeshand eetiversgergieipidaystdrch i s
provided with a core layer formation step, a thennoconpression

bondi ng st elprtranitams cind dgitippddaiomaltapplicaste thefetd sfdientef damely, the nisehaiv
as a post-irradiation nmethod), it is essential for the absorption
maxi muns waveldeoghdnge dfe refictiph didox BaiodligRathahoifadiaiioreof, ultidveolét ight.
phot o-aci d generator and the second photo-acid generator) contained
in the cor elokeusigdif EledtomtrhhrdRiatiated) thayehnHtiRgdist At (@nti@ e  for
formation material to be mutually different. However, it 1s also

possi bl e t gxp1&is0 ePogRkGgal wavegui de form ng body by perform ng
t hennoconpr essi on bonding on a fil mshaped naterial used for the

cl addi ng (where k¢ %@g@#@%ﬁ&?&%&?&%ﬁﬁ&@g @éﬁ%ﬁ#&g lu@??regﬁen

formed into a film usi ng, for exanple, ayer

for ned i . Fad |
251 0073 Bt s RS ke SRR P MR DL v R ALY

mat er i , Lt 1S ssible to use a resin conposi.tion.that .uses a
Toert o 10 bbpofithenfit Set o Kb SRR S g dEd
refractive i?d is changed by the .irradi ation thereon _of active
ener gy |1 gRICTERIS togHse et sopPosiah et uies 2heddiinn pBmaTOgA)
application thereto of heat. Nanmely, the nethod 5used to change the
refracti veRPiRa@Ens-Raspdresinagiits 8HmaR m#eialy r BEAmRlgso s e of avi ol et

li ght.

norbornene-based resin include various types of norbornene resins such as: (1) Addition
(co)polymers of norbornene monomers obtained by the addition (co)polymerization of a
15  norbornene monomer; (2) Addition copolymers of norbornene monomers and ethylene
or o—olefins; (3) Addition copolymers such as addition copolymers of norbornene
monomers and non-conjugated dienes, and addition copolymers of norbornene
monomers, non-conjugated dienes, and other monomers; (4) Ring-opening
(co)polymers of norbornene monomers and resins obtained by the addition of hydrogen
20 to these (co)polymers; (5) Ring-opening copolymers of norbornene monomers and
ethylene or a—olefins, and also resins obtained by adding hydrogen to (co)polymers of
these; (6) Ring-opening copolymers of norbornene monomers and non-conjugated
dienes or norbornene monomers and non-conjugated dienes together with other
monomers, and also polymers obtained by adding hydrogen to (co)polymers of these.
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Note that if electron rays arg irradiated, they can be irradiated in
a quantity of, for exanple, 50 to 2000 KGy. As this type of core

| ayer formation material, it is preferable to use a resin conposition
that uses as its primary material a cyclic ol efin-based resin such as
a 10benzocycl obut ene-based resin or a gerbornene-based resin, and it
is particularly preferable to use a resin conposition that uses an
addi ti on pol ymer Inofontasthdoaterid-isededome tie gladding layepisionahat ¢rable i al .
Exanpl es of this type of norbonene-based resin include various types
of nor bonerkddiagiposiossiedvirast lovi) reAdetive iolex tlen )t b the cereghrtivarand revieg
nononer s obtai ned by the addition (co)polynerization of a 15

nor bonene RBE@IET:xihilly t6BE bbiaRad.C OPeINEBtSeredf indid2 e eald v aiFess Shend
et hyl ene or a-olefins; (3) Addition copolynmers such as addition

copol yner s pgthaRPhLReARREITRRRREK Sudhnd cPAR- & Bigat R6ndiRAAS acrlitdresins,
addi ti on copol yners of norbonene nononers, non-conjugated di enes, and

ot her MBNOTEES, r,eéiﬁ% p@yyﬁﬁaaesgah ki s COOMP Y ¥ ITB S b as AP DALTRAG MONoNer s

and resins t'al ne the addition of hydrogen 20 to these

o PO Bhoksthe FhE AREA MG SR XABLE 10lc, RAFRATRAGTRARNTLS: And

et hyl ene or I'As, an SO resins obtal ne I ng rogen to
(co) pol yners .of .t hese; . A NY=0peni.ng.copql rs. of norbanenge .
tononer 3 el SIS RFUFGAL A SRS Begr SO o drie P s esin
non- conj ugat ed di enes together wt t her, nononers,. an | so | ymer s
bt af ned DS BOHGe RAGUERE tro Ly Atey b ST forainaiat® Dafhsgs af ek

In contrast, the material used to formthe cladding | ayer is one that
enabl es c| RHFIRRHCYEFEItgRSAAIEIPD RlyRerHRfayorhosteng; %eaéeww&pétrﬂ%ﬁa%at

of the core portion and having superior flexibility to be obtained.
Exanpl 8 t Wedfergblei ncl ude materials having as their primary materi al
resin materials such as cyclic ol efin-based resins such as acrylic
resins, S5epdA?]resins, polyinde-based resins, benzocycl obut ene-based
resins, and norbornene-based resins and the |ike. Anbng these, resin
conposi ti orfSecohdembaimpedy their primary material cyclic ol efin-based
resins such as benzocycl obut ene-based resins and nor bor nene- based
resins are prefeNakl £secantemiasiiment ofifhezictiraris ajipaaitushealielaaphbrieeind
primary conpositions addition polynmers of norbornene-based resins are

parti cul ar lf\xibfigaeleart a2l ResehtQ@vdalion will be described.

15 As is shown in FIGS. 10A and 10B, in the embodiment described here, instead
of the flexible cable 20 of the above described first embodiment, a flexible cable 20A is
employed where connectors 25 are attached to both ends in the longitudinal direction of a
flexible, belt-shaped cable body 24. The flexible, belt-shaped cable body 24 is an
electro-optic composite device formed by joining together the above described optical

20 waveguide forming body 21 and a flexible wiring substrate 23. The symbol 25A is used
for one of the connectors 25 at the two ends in the longitudinal direction of the cable
body 24, while the symbol 25B is used for the other connector 25.

[0076]
Moreover, in this embodiment, a circuit board 111 A where a connector

25  connecting portion 114 (i.e., a cable connecting portion) to which is connected one of the



(Second enbodi nent) - Next, a second enbodi ment of the

el ectroni c apparatus, cellular phone, and flexible cable of the
present invention will be described. 15As is shown in FIGS. 10A and
10B, in the enbodi nent described here, instead of the flexible cable
20 of the above described first enbodi a@nt, a flexible cable 20A is

enpl oyed where connector are attached to both ends in the

| gﬁ gi t udi n&PAIEFPER Y ﬁheof?exg{v?ﬁ F@% BAets PrYIded dnhayacy! in A it saRju kL0 ofh e
flexible, belt-shaped cabl e body 24 is an electro-optic conposite
devi ce f or thsdiBibod®pi nis ﬁl@cqﬂd@@t%ﬁ?ﬂ&wr%me@%@m@éw ppitipe 434 0@ a
wavegui de form ng body 21 and a flexible wiring substrate 23. The
synbol 25Acilde egagctingmotive) tf whibleiscomegtstl thresotlxs cannettfor2iBvof tha flsxible
the |l ongitudinal direction of the cable body 24, while the synbol 25B
i s used foratlh20dishpeovidaininbatsod in2be ofit0A6ihg VBE eltuesecondbddyi sin the
enbodi ment, a circuit board 111A where a connector 53 connectors 25
of the §| edidntiggscthblsEmPEAIASs 1co YordedfiisSbdig Wi theisfmbdle 28U eded FaShO1
110 of the first body. A circuit board 121A where a connector

connect i ngsqrohd b&dy. 1Rbrédveg in FIG. CoM)tBe SHBIECHA RG deDlhi pHohet O Which s
connected the other connector 25B of the flexible cable 20A is

provi ded is housegls blibédie s £89 tROfik2nidihdf iSRSNI 10Q60¥ catip the
5drawi ngs, the synbol 11A is used for the first body and the synbol

12A is us englt\ 8{1% ffhla gi{%fzﬂﬂpdsqq QX an%/i)i l%éﬁ‘g%ﬁchg%@uj‘?% c?oglﬁectiil? Eﬂl?l%ﬁﬁééﬂ‘lﬁ

10A is a ce one. Thi's ers

first enbog\}ogﬁﬁh fEelne&Hg edtltfcg»ﬁéxle?)ﬂilebxje afn ls?rugtg@i 1%31% szul:'-% asctihgtcolfitﬁe first

boards 111 whi cdnnector c¢onnec portions are

D0 999 2y STBLL E FRF L 08, BRI Gk o
that are t hebgéail[lrl%ntage (i:lergcébhe% ufs{'nr st}tle S%rr}ligod[ingrglgt are descri bed using the
sanme synbofS. g sy
[0077]
As is shown in FIG. 11, FIG. 12, and FIG. 13, the flexible wiring substrate 23 of
the cable body 24 of the flexible cable 20A is formed in a flexible belt shape, and is
15  provided on one surface (i.e., a surface on one side in the thickness direction) of the
optical waveguide forming body 21 so as to extend over the entire length in the
longitudinal direction of the optical waveguide forming body 21.
[0078]
The position where the cable body 24 of the flexible cable 20A is laid in the
20 cellular phone is the same as the position where the optical waveguide body 21 of the
flexible cable 20 is laid in the first embodiment (see FIG. 1 and FIG. 6).
As is shown in FIG. 11 and FIG. 13, the cable body 24 of the flexible cable 20A
is positioned such that the center portion in the longitudinal direction thereof is laid

adjacent to the hinge portion 13 of the cellular phone. The cable body 24 has a

25  deforming section 24H which is the portion that undergoes repeated bending deformation



[0077] As is shown in FIG 11, FIG .12, and FIG 13, the flexible

W ring substrate 23 of the cable body 24 of the flexible cable 20A is
formed in a flexible belt shape, and is 15provi ded on one surface
(i.e., a surface on one side in the thickness direction) of the
optical waveguide form ng body 21 so as$4to extend over the entire

|l ength in the longitudinal directjon of the optical wavegui de formng

body 21. [ Ge#B]scord bpdslaA Bacrmierly apreedeag P@swora&anz@iy & thf> hiestbpdxl gy e

cable 20A is laid in the 20cel lular phone is the sane as the position
wher e t he dptenalpivatedagrinddhdigage portiofli he flexible cable 20 is laid
in the first enbodinent (see FIG 1 and FIG 6). As is shown in FIG
11 and FI G 13, lihtbe tcwdrhd abethddidgd poftion2éd bf tax oblie] wahdgeid2Gdimisg body
positioned such that the center portion in the |ongitudinal direction
t her eof i s 2lathd raagds stenthd aptichievdvepgéde fpomningaabld 31 afd thheatdebddyl Brare
phone. The cabl e body 24 has a 25deform ng section 24H which is the

por ti on st habrmedde e oafitheinatieekiden dirdge @Rt MEnBés B defodniag sédkien 34gond
body I2A is repeatedly opened and closed relatively to the first body

11A by bei ngd Rirtef G4erds Gt Tbh HR BEdMaGgReEHIOAH A both sides, | N the
internal air cladding portion 21d of the optical wavegui de form ng

body 21, tE df?nge where the optical waveguide form ng cable 21 and
the cabl e body 24 are

The cable body 24 of the flexible cable 20A is formed in a rectilinear shape, and
when the second body 12A of the cellular phone 10A is opened approximately 180

10” degrees from the first body 11A, it is in a state where substantially (or absolutely) no
bending deformation is applied to the deforming section 24H. In contrast, if the second
body 12A is closed against the first body 11A, the portion of the flexible cable 20A that is
located adjacent to the hinge portion 13, namely, the deforming section 24H undergoes
bending deformation.

15 As is shown in FIG. 13, in the flexible cable 20A, when bending deformation is
applied to the deforming section 24H of the cable body 24 in the cellular phone (for
example, when the second body is closed against the first body), the optical waveguide
forming body 21 is located on the inner circumferential side of the flexible wiring
substrate 23.  As a result of this, when bending deformation is applied to the deforming

20 section 24H, this vertical bending deformation is also applied to the optical waveguide
forming body 21.

Note that the bending deformation generated when vertical bending is applied to
the optical waveguide forming body 21 is also referred to as vertical bending for the
cable body 24 as well.

25 [0080]



5fornmed in the longitudinal direction is a range that includes the
deform ng section 24H and further extends out fromthe deform ng
section 24H on both sides. [0079] The cable body 24 of the flexible
cable 20A is forned in a rectilinear shape, and when the second body
12A of the cellular phone 10A is openedSapproxi mtely 180 10degrees

fromthe first bod 1A it is in a state where substantially (or
absol utely) no %ﬁ%isﬁﬁwﬂﬁé}%?wlpsl%ﬁﬁlﬂeé l¢ Wirng subpEAtZipgudes an

section 24H In contrast, if the second body 12A is cl osed agai nst
the first Blayicallypongoadyssive basg fin 28hand ¢ exidyeter laygs|tat oo vifes or ane

| ocat ed adj acent to the hinge portion 13, nanely, the deform ng
section 24phrfasdef hedescitindidlg dks srfrat piothe bass Aidmi23 1 ghabisodaredEn@e 13,
in the flexible cable 20A, when bendi ng deformation is applied to the
def or m ng spptsitosid@fbinghe tdnduaatibyer 38215 tdddddto theeoptied] wilveguigenfonesing f or
exanpl e, when the second body is closed against the first body), the
opti cal swakggu2lde form ng body 21 is |ocated on the inner
circunferential side of the flexible wiring substrate 23. As a result

of this, when beNgth&yg, ifl @fcrap@bbn24 6f BORLABE chile bOL, HEERIN tBDlayer 232
20section 24H, this vertical bending deformation is also applied to

the opti cabnyayegkiall®alle TnliRdYodd 21 a%ﬁméfﬁafanﬁlfh?ed%ﬂp@hg Yase film,

def ormati on generated when vertical "bending is applied to the optical

‘t"ﬁ‘éeg;ibf'g Egg%%gosggg%@\&%%\j tihglgf‘éggtg%]ﬁﬁé @{g&lﬁgw‘irﬂlgasﬁbs‘ﬁ%{etisca%h aRERng for
waveguide forming body 21 are mutually bonded together.
10 [0081]
The thickness of the base film 231 of the flexible wiring substrate 23 is from
12.5 to 25 pm, and the thickness of the conductor layer 232 is from 5 to 10 pm.
Moreover, this flexible wiring substrate 23 is formed in a belt shape, and is provided over
the entire length of the optical waveguide forming body 21, The width dimensions of
15 the flexible wiring substrate 23 may be uniform over the entire length in the longitudinal
direction, however, it is not essential for them to be uniform over the entire length in the
longitudinal direction. The width dimensions are, for example, from 3 to 10 mm,
however, if appropriate or necessary, it is also possible for them to be less than 3 mm or
larger than 10 mm.
20  [0082]
A polyimide film, for example, can be beneficially used for the base film 231.
The conductor film 232 is a conductive metal layer made, for example, from copper or
the like. A substrate created by forming a wiring pattern (i.e., a conductor circuit 232a)

on copper foil that has been adhered to one surface of the base film 231 can be favorably

25  used as the flexible wiring substrate 23. However, the materials used for the base film



As is shown in FIG 12 and FIG 13, the f]exible wiring substrate 23
i ncl udes an electrically non-conductive base film 231 and a conduct or
| ayer that is provided on one surface of the base film 231. The
surface of the base film231 that is |located on the opposite side
fromthe conductor |ayer 232 is bondedsgo the optical wavegui de

form ng 5l ayer 21. Nanely, in the cable body 24 of the

flexi bl e cabBl en®BAconduetor biyeniz32cure hayierite@ 82thasedartdrmdhay g wamateaivle ghit de
form ng body 21 are nutually lamnated with the base film 231

i nt er posed abeised & atfleeible wding Ralkistteendyl bexenipleyed ri ng substrate 23 and
the optical wavegui de form ng body 21 are nutually bonded toget her.
10[ 0081] [0083] The thickness of the base film 231 of the flexible
Wi ring substrate 23 is from12.5 to 25 pm and the thickness of the

conductor |ayer i‘ﬁ»@fomgwfrfgqmtﬁoé %rJeQarﬁﬁBlb A 1906 as thP rietoligxd bl e
Wi ring substrate 23 is forned in a belt shape, and is provided over

t he entgreiﬁ ﬂﬂ&ﬁﬁﬂélﬁnﬁbﬁﬂB&ffﬂ wavegui de form ng body 21. The width

di mensi ons exibl'e'w ring substrate 23 may be uniform over
the entire Iengt

essential for t h%ﬁ%t{}b& agnﬁﬁ?g%%hh%é%m Irl?ﬁg%\ﬂtf?{rqgmp %c‘iﬁ’dmﬁ %)ﬁhs()fqgé

| ongi tudi nal .directio

to 10 mm Mg@vewﬂgg%?qﬁ%%% Br TRy e of b e >

for thenlto be less t | arger than 82
A pol yi m iKY iTpEF: %ﬁ‘i‘?ﬁ@hl‘é’dﬁ%g’%’é’ﬂﬁ@éi B et e Bse
film231. The conduct or f|In1 is a conductive netal | ayer nade

for exanpl @ndfsthen dsgsens Wil O%é drx qaatingafilin b Skrpnghes Fhedst Ban ymed hisg
awring pattern (i.e., a conductor circuit_ 232a) on copper foil that
has bedR adieeasting §lrp A meansiefdasepvorkig ds thedikeisp thapa ¢laddipg e fayeition| y
25used as the flexible wiring substrate 23. However, the materials
used for tHdmbueaterid islabtais@. 23hisgtadding éaysbﬁuumqurﬁlmay@mf@w@md trothe
limted to these, and other known nmaterials that are used for a
f1exi bl e wibasenfjms2Bi if that flexitdy whtngesnirtaiedd. BO@BB¢ly from this, the core layer
211 and the cladding layer formation film material (one where trenches have already
been formed) are prepared, and these are then laminated on the cladding layer formation
15  film material which is the dry coating film formed on the base film 231 of the flexible
wiring substrate 23. Thermocompression bonding is then performed thereon so that a
material laminated body is obtained. The cladding layer formation film material and the
core layer 211 that is laminated on the cladding layer formation film material can be
manufactured using the method described in the first embodiment. In the same way as
20  in the thermocompression bonding step described in the first embodiment, the
thermocompression bonding described here is achieved by heating the material laminated
body to a temperature that is equal to or higher than the glass transition temperature Tg
of the core layer 211 and/or the cladding layer formation film material while applying

pressure thereto.

25 Next, the second ultraviolet light is irradiated onto this material laminated body



The foll ow ng nmethod, for exanple, may be used as the nethod for 5
manuf acturi ng the cabl e body 24. Firstly, a varnish that
contains a material for formng the cladding |ayers of the optical
wavegui de form ng body 21 is coated onto the surface of the base film
231 of the flexible wiring substrate 237which is on the opposite side
fromthe conductor |ayer 232, and is then dried so as to forma dry
coating fi IAPS trraFichesladdine layer fomeatiop Silmeratsrial pmbath sadaces ofdhe s95ylayen m
by neans of |aser working or the like so that a cladding |ayer .
formation ®ill.ke et Beictadding layisisaildaad 2 ifhirs obtaimddli ndys 4 eepef ofithisnihie psival
filmmterial is adhered to the base film 231 of the flexible wiring
substrat e 2@veSefraoaniag pody Dinis tfdrimed ot loee nofaee biae flexdllt vanug ubstrate 23
cl adding layer formation filmmaterial (one where trenches have
al ready beére.fthe stefiye af the pasefin @d] oarid dppeste sile érohhhe chraintonlaed 200),
the cladding layer formation 15filmmaterial which is the dry coating
film fosnednothetfReibkasiginf sitkraid 23 ahd the@pfidadxiald Rideifbiniigy Badytiraad e 23.
Ther noconpressi on bonding is then performed thereon so that a
material | aghdat: tﬁe@@lyasltﬁf&mﬁﬂiﬂﬁ%atemgblsb@&dmg | ayer formation
filmmaterial and the core layer 211 that is lamnated on the
cl addi ng | mq}forrrati on filmmterial can be manufactured using the
nmet hod described in the first enbodinment. In the sane way as 20in the
t her noconpr essi o i [ I . f. Hhodi nent, the
Rn%g%g#%%fa%{u?ﬁ'g gﬁgh&d d%e‘iieﬂt ?1‘0‘1‘{(}%18 i$ 51%5 %(i%glﬁfé

t hennoconpr essi on esc here 1'S achieve eating the
material |am natgd body to a t ture that.is equal to or higher
t han the gl ass tfcgﬁg?l%le{lghtg% g%gaggﬁ}?él nq’gheocfl&%%jﬂléﬁ%ygggoqnﬁ%}ﬁﬂi a%ﬂ‘g‘/ or
t he cl agdi | ayer. formation fil terial while applying pressure
ther et 80 > BfssfeS proheahrmety Rebapateol pgirerno PR AsA Prelh SRt <
material | am nated body . 57 155‘:‘) as to cure the cladding | ayer o
formation M5 SHEHpEtAe base Bl B3 lsefithulladble piingesubyrase e oppsitegde
that the cladding |ayers 212 and 213 are obtained As a result of
this, the &t Barondycierlayere3tsr Hishymeisey! lpminatedpednis@bsinedne surface
of the flexible wiring substrate 23 (i.e., the surface of the base
film 231 ofurthgemeysptheimecogiperssipr bendingds don gederored joayercogdiaysr 25hae t he
flexible wiring substrate 23 and the optical wavegui de form ng body
21 are bondedwbedtinglaysofoanatian flormatenals byt kgtiag tds roathdia ldnnidyte@Yody

15  to a temperature that is equal to or higher than the glass transition temperature Tg of the
core layer 211 and/or the cladding layer formation film material and applying pressure
thereto. In addition, thermocompression bonding is then performed on the base film
231 of the flexible wiring substrate 23 and the cladding layer formation film materials
that have been laminated thereon.

20 Next, the second ultraviolet light is irradiated onto the material laminated body
created by bonding together via thermocompression the single core layer 211 and the two
cladding layer formation film materials so as to cure the cladding layer formation film
material on both surfaces of the core layer 211, so that the cladding layers 212 and 213

are obtained.

25 [0085]



[ 0084] Anot her manufacturing nethod different fromthis is also
possi bl e. For exanple, the core layer 211 and the cladding | ayer
formation filmmaterial 10(one where trenches have al ready been
formed) are prepared, and these are then | ayered on the surface of
the base film 231 of the flexible wiridag substrate 23 on the opposite
side fromthe conductor |ayer 232 so that a material |am nated body

i s obtained. Furfh&rshpvein FIRS: At el B dhegionprsids Ayatiboth endhobigef or med
on the core layer 211 and the two cladding |ayer formation film

mat eri al s lgxihkearviring sutisirste A drvethe bamd swarew: Bodeh othd. t o a
tenperature that is equal to or higher than the glass transition
tenperature Tg oThd ¢tvmnenereSAdyen sdcturamdibr@ra dohsectihg thaiiningl 25 \ieprovided
formation filmmterial and applying pressure thereto. In addition,

t hennoconpriets iheasikoIXi dTghd Gnhdtesd 2pAarthL isgedvited dtlbethadeos the fe:dBlt cabile
the flexible wiring substrate 23 and the cladding | ayer formation

fil m mager ipglissctibed inNRY Brsbafbbdiadi: N atiedoh hesi@Qircnie ONeXIhich # gosRa®Hd
ultraviolet light is irradiated onto the material |am nated body

creat ed by ghqRdingol1RBeoILEs Hé Aetibie W&ﬂagt@ﬁéw&eé PRs, §l)rlﬂh @n €REFode
| ayer 211 and the two claddlng layer formation f n1nater|a S SO as

Lo cure thecladds o, LaYSadiQh Rl LaReddd dmhimi LA SO B683
of the corg ﬁgyer B%&Ségolt QE%() cf J&ing ' %E lo % g are
obt ai ned. g%QOE % Aﬁ g ? g t he
connect or s% t? ﬁ{sﬁgodrydllA re g ectrlﬁlléf oB?eckera b Im%nssa rﬁ‘s nec 18%‘&\ have
t he sane struct a r Qﬁ5 connector 25A
Structur e JEPE &5 onnasa G rapmare syt L) IS By Phant%BO%%ﬁa@feng
221 of the connector 22A that i.s provided at. both ends, of the
f1exi bll8 c&Bithe B5G SHELEOf HEdOrHRS Fred> 14 S CLERISBINN SRERECICIHR 2R BHERIEES
circuit 232a which is forned by the conductor |ayer 232 of the
f1 exi bl e wicPmpgnisaiina Rostien 253 spaleas apyies orithy likgytg thcondeten cigeit tdaaidhe
115 that is provided on the connector connecting portion 114 of the
circuit bodegbkeminngfulisiate2pr st body 11A are electrically connected
by nmeans of this connecting termnal 251. In addition, the connecting
term nal 25086 provided in an exposed state
By pressing the engaging projection 224 which is standing upright from the
15  housing 221 into the engaging recess 113 which is formed in the circuit board 111A of

the first body 11A, the connector 25A is positioned relative to the circuit board 111A.

Accordingly, the connector 25A can be accurately installed in a suitable position on (i.e.,

connected to) the connector connecting portion 114 of the circuit board 111A.

The connector connecting portion 114 of the circuit board 111A includes an
20 optical element (here, the light emitting element 112) which is packaged on the circuit

board 111A, the engaging recess 113 which is formed in the vicinity of this optical

element, and the electrode portion 115 which is provided on the circuit board 111A in the

vicinity of the engaging recess 113. The electrode portion 115 is electrically connected

to circuit wiring (not shown) that is formed on the circuit board 111A.

25 Note that the structure of this connector connecting portion 114 is formed by



10on the outer surface of the housing 221, and is electrically
connected via an energi zi ng conmuni cating portion 252 such as a wire
or the like to the conductor circuit 232a of the flexible wring
substrate 23. [0086] By pressing the engagi ng projection 224 which is
standi ng upright fromthe 15housi ng 223%9into the engagi ng recess 113
which is forped. in the circuit board 111A of the first body 11A the
connect or 88Hng theglecirpdeqipaion, HiS4p fhge&oprscion sonmesting RortigH dherejrent board
Accordingly, the connector 25A can be accurately installed in a

sui tabl e pdd} piogidedan the fisst body hhdeserkpdin fheti cabadisenbr connect i ng
portion 114 of the circuit board 111A. The connector connecting
portion 1140®f]1the circuit board 111A includes an 20optical el ement
(here, the light emtting elenent 112) which is packaged on the
circuit board 11WAgen theeommgtgid iviestelsl oh]Be. ydunoértidstof the pedhettor t he
vicinity of this optical elenent, and the el ectrode portion 115 which
i s provb dedomtrctiipeporiiorcidtas bodesetibkd 2bovientht Brroni 22214 positivhed Hrethe RERGIL Ng
recess 113. The el ectrode portion 115 is electrically connected to

circuit w akiggf (gatbouphobyithe liBteniiSink olciRA: AN of AR Ghiidetdr EotRatind pbitieh:
25Not e that the structure of this connector connecting portion 114 is

fornmed by 19§ aaddiengnt Hfpring e I%ﬁgelﬁﬁt'ﬁ%%i Qfdht 914 QnlttRG SARBEGh Pe
connecting portion of the circuit board 111 provided on the first

body 11 de%ﬁfr{:ﬁ%‘iodﬁﬁb t&lbgptﬁéar %Lvegmggéﬁggoﬁg%?mo\%%&, g&fﬁs%ﬁ{an&st or

25A is insta (1r.e., connécte connect or * 5connecting

Fﬁ;t iog'?i g' 2-1 orﬂﬁctiirﬁg tgl%ﬁﬁgliﬁ?%ﬁc@lqysmwtdgﬁ atnai ﬂo@R{on %g %hei osppgﬁ eis}decf%%gthg n
10 engaging projection 224 of the housing 221 (so as to avoid the engaging projection 224
of the housing 221) with the recess 223 interposed between them contacts the electrode
portion 115, and can be electrically connected to the electrode portion 115.  As aresult
of this, the conductor circuit 232a (see FIG. 11) of the flexible wiring substrate 23 of the
flexible cable 20A can be electrically connected to the circuit of the circuit board 111A.
15 [0088]
The connector having the symbol 25B has the same structure as the connector
25A. Namely, the engaging projection 224 which is standing upright from the housing
221 is pressed into the engaging recess 123 which is formed in the circuit board 121A of
the second body 12A. As a result, the connector 25B is positioned relative to the circuit
20 board 121A, and can be installed on (i.e., connected to) the connector connecting portion
124 of the circuit board 121A.
The connector connecting portion 124 of the circuit board 121A includes the
engaging recess 123, an optical element (here, the photoreceptor element 122) which is

packaged on the circuit board 121A adjacent to the engaging recess 123, and an electrode

25  portion 125 which is provided on the circuit board 121A in the vicinity of the engaging



axis of light output by the light emtting el ement 112 of the
connector connecting portion 114, and the |light output by the |ight
emtting elenment 112 can be irradiated via the mrror 222 onto the
optical waveguide form ng body 21. Mreover, at this tinme, the
connecting termnal 251 which is providéd at a position on the
opposite side framthe 10 engagi ng_ projection 224 of the housing 221
(so as to é%?%:llzt3heTb?1618?j¥‘}4§Pﬁ‘F”8Pég§ IseiectEally ponnpetedguraepiy warme) (gl t h
the recess 223 interposed between them contacts the el ectrode portion
115, and cahowe thdtéschormedgn the eigrwidwerdl2ld- t he el ectrode portion 115.
As a result of this, the conductor circuit 232a (see FIG 11) of the
fl exi bl e wiring $hbstuchirecfABis opnrehter fdnagéthigeogainl 184 20(rmedbylrslding the
el ectrically connected to the circuit of the circuit board 111A
15[ 0088] electrodelfoetic@niRiec thercot@@¢ion gorine et pobiidn of9R diaesit bbed $ae
structure as the connector 25A. Nanely, the engaging projection 224
which i s spanaded@nuid degbtid Hodo e dbRribalisitRgfid2dmbogliméessed i nto the
engagi ng recess 123 which is forned in the circuit board 121A of the
second bodypgk8f. As a result, the connector 25B is positioned
relative to the circuit 20board 121A, and can be installed on (i.e.,
connect ed 10) t Ny QRREEHA:E 9IARChLAIAR b0kl B0 LR ¢
board 121A The connect or connecting portion 124 o? t he
circuit bo i . I Ng.T - Lgal .
%Bﬂleéﬁrﬁﬂé‘ﬁ%{ Pﬂlezg i ?cr%ﬁ%%x% thi%'gﬁﬁls\%%]zﬁ%p?szt%ﬁg@ E% Sh% d)pgﬁal

el enment (here, oreceptor el enent
the circuit_board 121A adjacent to the.en i ecess 123, and an
ol cctrode 35p0 LPAeEos Rk bk e A EER PR OE TR thnuPded

on iC e CI'TcCUul oar
in the_ yicinit f the engagi.ng, 60 .recess .123. The. el ectrod

Dor 1 ot 550iteh d2 e e RS e s T PR S el RRE RAP Dby
that is fornmed on the circuit board 121A. The structure, of

this conne&¥siee 8k H?d’chPW&CBE)tP‘f qlesaent 342 sMP’Eﬁ’PH%cPtlS@)S B th@ Cupgcting

el ectrode portion 125 to the connector connecting portion of the
circuit boarmimgdisbyhishiscsavided ata@ositienpriths oaposito side e theengaginghe
first enbodi mnent. [0089] When the connector 25B is installed on
(i.e., conmegeaidntied of the heusingel@t @so as to avoid the engaging projection 224 of the

Housing 221) with the recess 223 interposed between them is made contact with the

15  electrode portion 125 of the connector connecting portion 124, and can be electrically
connected to the electrode portion 125. As a result of this, the conductor circuit 232a of
the flexible wiring substrate 23 of the flexible cable 20A can be electrically connected to
the circuit of the circuit board 121A.
[0090]

20 In the present embodiment, as is shown in FIGS. 10A and 10B, the one
connector 25A of the flexible cable 20A is connected to the connector connecting portion
114 of the circuit board 111A of the first body 11A, and the other connector 25B is
connected to the connector connecting portion 124 of the circuit board 121A of the
second body 12A. As a result, the electronic circuit on the circuit board 111A side of

25  the first body 11A and the electronic circuit on the circuit board 121A side of the second



connecting portion 124 as is described above, the mrror 222 is
positioned on the optical axis of light received by the photoreceptor
el emrent 122 of the connector connecting 1lOportion 124, and the
transm ssion light of the optical wavegui de form ng body 21 can be
recei ved by the photoreceptor el enment %22. Mreover, at this tineg,

t he connecting termpal 251 which is provided at a position on the
opposi te sPaYY 1+ oreElrsrisalatnagctst 9peherivanthe Saxible Witas HivsEats & obthe (5o
as to avoid the engagi ng_projection 224 of the housing 221) with the
recess 223 ﬂﬁh@@rﬁ@b@éﬁ%efﬁ@@ﬁmpmws asorppgeble dmransmitgpfipalsigaals from the
15el ectrode portion 125 of the connector connecting portion 124, and
can be el edirstibody | MA gdnieght ssdondbadyid 24lsalstviaatie oport wavegwids formdngbody
result of this, the conductor circuit 232a of the flexible wiring
substrat e 238 obthetfleribld akiel20A. cabl e 20A can be el ectrically connected
to the circuit of the circuit board 121A. [0090] 20l n the present
enbodi nent Jo@$]is shown in FIGS. 10A and 10B, the one connector 25A
of the flexible cable 20A is connected to the connector connecting

portion 114 of the wid A4 fosBBRNA thbkdhuief pHohe 1A which Redynd dtdve aneribdae
ot her connector 25B is connected to the connector connecting portion

124 of the fekibkWable @_@ﬁrﬂ‘;‘aték%éﬁor%ldidg%néﬁﬁmqs LR6Nd ehe oét%oa@wﬁﬁegdidb

the electronic circuit on the circdit board 111A side of 25t first

body 11A a@cﬂgﬁﬁ%@y%ﬁyb‘?&ﬁdiﬁ' Eh(é%gerngﬁi{/ H?dd%ir%f eﬁ”&&‘ﬁé@ Ppard 121A side of

t he second are efectrica con together via the
flexible wﬁ&bgg substrate 23 of the flexible cable 20A. Furthernore,
it is also"poSsible to transmt optical signals fromthe first body

11A si to the second body 12A si.de.vj.a the ical . wavegui d

form ndlbody 21 Sredbar Ve drseisnat 3 A tEpBBoFR. 1 EASHGSBie o e
al so possible.in the cellular phone 10A which uses the ove )
descr | bed PIACtIAIE e 1%%0?%?t§ﬁ&ért? Rableghm ngbeeﬁ?a’ew%%s gngaged in the
secured in the optical waveguide form ng body 21 by providing the

i nternal aF¥cw! bage MdhoBmeiveYy 2 fyjthe first embodimient.

Moreover, in the connector connecting portions provided on the circuit board,
the positioning portions that are used to position the connectors of the flexible cable are
15 not limited to the aforementioned engagement recesses 113 and 123. In the same way
as in the first embodiment, it is also possible to employ frames or positioning projections
and the like. The shape of the connectors 25 can also be altered in accordance with the
positioning portions on the circuit board side, and it is also possible to employ a structure
where the connectors 25 include no engaging projections.
20 [0093]
(Third embodiment)
Next, a third embodiment of the electronic apparatus and cellular phone of the
present invention will be described.
FIG. 14 is an overall perspective view showing a cellular phone 10B according

25  to this embodiment, while FIG. 15 is a view showing the vicinity of the pivot shaft 13a



[0092] 10Note that as was al so described in the first enbodinment, it
is also possible to provide elastic claws in the connectors 25 to
enable themto be renovably engaged in the circuit board in the sane
way as in the first enbodi nent. Mor eover, in the connector
connecting portions provided on the cigguit board, the positioning
portions that are used to position the connectors of the flexible
cabl e are (b FbG@tl4) pfthe budge portihe 1 3f oAsisehtvwionddGergadditents, metbssses
113 and 123. In the sane way as in the first enbodinent, it is also
possi bl e t embogiheyt the asres portiopds tHeilenyitndinplr dijeetidin ol @bkt Holdp 24 bkhe
The shape of the connectors 25 can also be altered in accordance with

the positi grkiBG: QBEOARS ctdhE chibbaitticht 1 Pasvillediitle sta@ R beibg houad s
possible to enploy a structure where the connectors 25 include no

engagi ng pr Pin%?é l'nﬁ ag QL Q&gt%ﬂd b E@o%s%ﬁﬁiﬂ@? Blodind the outer NeStinferRnce

third enbo I ment  of he el ectroni c apparatus "and cel [ ul ar phone of

the presen nventi.o FIG 14 is an
overal | 3 er°£ &Ptl‘fovéha@t gﬁoghhe%m %p%nic?glqsul ar phone 10B accordi ng 25to

this errbodlg@gi1 while FIG 15 is a view showing the vicinity of the
pi vot shaf { 62 (see FIG 14) of the hinge portion 13. As is
showmn in FIG 14 and FIG 15, in this enbodi nent the center portion

in the | ongitudi B cHFe RRIHPIEE the cabrebadiisrt dhad sy woundTopbihe PERT bl e

cabl e 20A of the second enbodinent is provided in a state of being
wound one eircurnfeesnté ofishe pivayshbis 13aéfthe bige porbien bivsake deforimag spghion
around the outer circunference 5o0f the pivot shaft 13a of the hinge
portion 1324H064 hinddngoee rdpeated bnmdtngmi&fomﬁamdnemceﬂghm:tibodmhzm tepedted s
a-wound around the outer
10 opening and closing of the second body 12A as it is pivoted relatively to the first body
11A. The internal air cladding portion (not shown) of the optical waveguide forming
body 21 is either set to a range that matches the deforming section 24H1 of the cable
body 24 in the longitudinal direction of the optical waveguide forming body 21, orto a
range that includes this deforming section 24H1 and is also wider than this deforming
15 section 24H1.
[0095]

The deforming section 24H]1 of the cable body 24 is wound such that the
positions of the two ends in the longitudinal direction of the cable body 24 are mutually
offset in the axial direction of the pivot shaft 13a of the hinge portion 13. One end side

20  in the longitudinal direction of the cable body 24 is provided in the first body 11A while
the other end side is provided in the second body 12A.
[0096]
The bending deformation that is applied to the deforming section 24H]1 of the

cable body 24 is vertical bending. Moreover, the cable body 24 is provided such that, in

25  the a~wound deforming section 24H1, the optical waveguide forming body 21 faces



circunference of the pivot shaft 13a of the hinge portion 13 is the
deform ng section 24Hl that undergoes repeated bendi ng deformation in
conjunction with the repeated 10 opening and cl osing of the second
body 12A as it is pivoted relatively to the first body 11A. The
internal air cladding portion (not showh) of the optical wavegui de
form ng body 21 is.either set to a range that matches the deform ng
section 24WaEs iR @neLgrumbgeRiabsids ﬂfa the gq@ﬁd‘{l{%ﬂ?gratﬂ?}-ect i on of

t he optical wavegui de form ng body 21, or to a range that includes
this defor#0¥g] section 24H1 and is also wider than this deform ng
15section 24H1. [0095] The deform ng section 24H1 of the cable
body 24 i s (Mwuh¢mbadimentiat t he positions of the two ends in the

| ongi tudi nal direction of the cable body 24 are nutually offset in

t he axi al directinghe efcttdn@ gpparetus amdédllulbd ahofe of the fourtigentpdihérn nf tha.
One end side 20in the longitudinal direction of the cable body 24 is
provi desl i preséir idviefitsdn, Brdlexibld Abltpiol desdribed of thefirse idb&difientiiSefployddded
in the second body 12A. [0096] The bendi ng defornmation that

i's appliedids@adl bethd eleRiblE dABlc SOAtA fHe aBANdldetdrive iRl gy 24 is
vertical bending. Mreover, the cable body 24 is provided such that,

in 25 the a-mumdarqag,odrmueﬁres@eﬁm?e@&h&e titeenePidrEd in‘ftﬁéﬂ%ﬁﬁh@gual
S sl de of

form ng body 21 faceS 63 toward he 1 nner circunferentia

e o DUt IS SO e o BB TR RO
e P e el b NE Lo e LR o, o 20 descr bed A it
descri ?8 d tca?sie ragw%llrr,btﬁg inrtre?'ggl air cladding portion (not shown) of the optical waveguide

forming body 21 is either provided in a range that matches the deforming section which

is the portion in the longitudinal direction of the optical waveguide forming body 21 that

is a-wound around the outer circumference of the pivot shaft 13a of the hinge portion 13,

or in a range that includes this deforming section and is also wider than this deforming

15  section.

[0098]
(Fifth embodiment)

Next, a fifth embodiment of the electronic apparatus and cellular phone of the
present invention will be described,

20 As is shown in FIGS. 16A and 16B, in the embodiment described here, what is
known as a sliding type of cellular phone 10C is illustrated as the electronic apparatus
and cellular phone of the present invention. Note that component elements that
are the same as those in the first and second embodiments are described using the same

descriptive symbols.

25 [0099]



Nanely, a structure is enployed where the center portion in the -

| ongi tudi nal direction of the optical waveguide form ng body 21 of
the flexible cable 20 is a-wound around the outer circunference of
the pivot shaft 13a of the hinge portion 13. In this 10case as well,
the internal air cladding portion (notéshown) of the optical

wavegui de form ng bod 21 is either provided in range that matches
t he deforning se }E“FS?i WiHipaang VG Wéluﬁﬁratﬁrétrpoidﬁ S Wé‘elled’%PrPﬁ’é‘Fﬁllélp“t
direction of the optical waveguide form ng body 21 that is a-wound
around t he opereBen Rtioaspd. @teipphaic (ndfshpviotn atieme (1B shayfn)i4d shi nge
portion 13, or in a range that includes this deform ng section and is
al so wi der tahsmissién snddefeption eigpulibadovitonsecp@iagy S Eiat slidee nddgdiclyetnthe
Next, a fifth enbodi nent of the el ectronic apparatus and cellul ar
phone of t Hastpoésehilohgimedd tadsn S4ptovidoé onl éedirsttbedy 5SPOAS displag noinviS amd a
FI GS. 16A and 16B, in the enbodi nent described here, what is known as
a slidiBg tsy@eh ohtpatlnituh@rshphonge b6 piosided inuké sabsdibaly sehe el ectronic
apparatus and cel lul ar phone of the present invention. Note that
conponent eggents that are the same as those in the first and second
enbodi nents are described using the same descriptive synbols.

25[ 0099] 64 As is shOWR i ld, Y61 n&%&ﬁ‘%ozﬂr@@lf A a”i&?%h&t fsli &t whRAYheo 1

wher e are prOV| ded 1 nput operatio uttons ) ni crophone (not

S hovvn) %ﬁltt gﬁﬁlogl%%to SS%bO dmog‘xgtgd v:thr lgx{éﬁ ghﬂ‘ﬁ rbu%}Qa 1% e diﬁﬂ: first

clircult, a secon es ative to t

first b d d ils t f

st §§4 e et iyt
rovi I n

I268 a ir c?Bu“E gﬁ) ‘%Yfﬁe E’{arﬁ&’ss’éﬁéﬁ&? r%‘"’i&“"&r?“\ﬁ}ﬁ‘?ﬁrl‘? f%glc?%HHHBCted

operation buttons 53 are d are housed within a casin
510 of the ' f FiEgUitfhafys Er?"ld?é] %Ff}ﬂ:lﬁb e e t Mosre‘ﬁrebg?edﬁﬂﬁ%ﬂmt“ﬁé q%ey
sheet 512. The switching circuit o ) ) o
the second body 52 is electrically connected to a circuit that is provided on a circuit
board 521 that is housed within an outer casing 520 of the second body 52.
[0101]
15 In this cellular phone 10C, the flexible cable 20A described in the second
embodiment is employed as a flexible cable for transmitting signals between the first
body 51 and the second body 52.
In the same way as in the circuit board of the first body and the circuit board of
the second body described in the second embodiment, connector connecting portions are
20  provided in the circuit board 511 of the first body 51 and in the circuit board 521 of the
second body 52.
One of the connectors 25 (i.e., the connector 25A) that are provided at both ends
of the flexible cable 20A is connected to the connector connecting portion 114 provided

on the circuit board 511 of the first body 51, and the other connector 25B is connected to

25  the connector connecting portion 124 provided on the circuit board 521 of the second



10on the key sheet 512 and the transm ssion and receptian circuit are
el ectrically connected to a circuit that is provided on the circuit
board 511. Moreover, the display unit 55 of the second body 52 is

el ectrically connected to a circuit that is provided on a circuit
board 521 that is housed mﬁthin an out éb casing 520 of the second

body 52. 101]. 15/ n this cellular one 10C, the fI X|bIe abl e 20A
destribed. PR He Ao GABSICHERE PandRo Gt e 11 sl B 0o dapPecy
for transnlttln si gnal s between the_ first body 51 and t he second
body 52. flefenie sifut yibeairquif besrd 321 sigh pf the secend bedsn e i r st
body and the circuit board of the second body described in the second
enbodi ment fleginpibrrovneciestingasher Nip thorandoster wites 207 v HEW 1 Drof theeflexible
circuit board 511 of the first body 51 and in the circuit board 521
of the secondndodstrds2?3 of the flexilnealdé 26he Foreorat oraptid eldment (hetehthe
connector 25A) that are provided at both ends of the flexible cable
20A i s Soniightteadtting elechencdlppeveed oo theetthingoapd 5 11i enhelflt taxdg\sil ded aon
the circuit board 511 of the first body 51, and the other connector

25B i s conop@daelemonthiérhahCpHuRREdeplor 6RAMBSCIZRNEroPREd bi9the ERduiPbdayd stad
on the circuit board 521 of the second 65 body 52. As a result, the

el ect roni ¢ ofinkGetohd BFdyt 41€ar€ bpticdily chRaEed fik Jehescslﬁealcb&avragledef folrsting BOGY2P1
and the electronic circuit on the circuit board 521 side of ﬁ

second bod$f§gﬂgﬁgmehggbbhpally connected together via the conductor

W ring 232a (see FIG 12) of the flexible wiring substrate 23 of the

flexible c 20A. Moreover, an optical elenment (here, the 5 light

emtting e %t 112) prOV|ded on the circuit board 511 of t he flrst

body 5],and an e el.e ot or ecept or ement .12
prOV|dé% on theoﬁkrcﬁkgmg%QEHE%éﬁ' &ﬁ°ﬁa 3@%&H%°H ngf“' @ﬂ%3§ﬁ§3
ggg PZC t2 82\ \1/1‘} a tstﬂape%%;vgeglthe mrcgﬁl Hoarg Sfl Pofnhg %rst 89 y thet c%%ulft |boarld %&F

of the second body 52. A bent portion 24W which is deformed by being bent in a

C-shape is formed in a portion in the longitudinal direction of the cable body 24. The

position of this bent portion 24W moves in the longitudinal direction of the cable body
15 24 in conjunction with the sliding movement (i.e., the movement along the guide rails

54) of the second body 52 relative to the first body 51.

Accordingly, in this cable body 24, the entire portion where the bent portion

24W is formed functions as the portion to which bending deformation is applied, namely,

as a deforming section in conjunction with the sliding movement of the second body 52
20 relative to the first body 51. In the cellular phone 10C shown in the drawings, the entire

portion (i.e., the entire length) that is located between the connectors 25A and 25B which

are mounted at both ends of the cable body 24 of the flexible cable 20A functions as a

deforming section.

[0103]

25 In the optical waveguide forming body 21 of the cable body 24, the entire length



[0102] 10The cabl e body 24 of the flexible cable 20A is provided in a .

state of being bent in a U shape between the circuit board 511 of the
first body 51 and the circuit board 521 of the second body 52. A bent
portion 24Wwhich is deformed by being bent in a Cshape is formed in
a portion in the longitudinal directiogsof the cable body 24. The
position of this bent portion 24Wnoves in the |ongitudinal direction
of t he cabloéthiopdstion iz comespans tmthe ideformingiseatioe of thiedablg badivdnarike
(i.e., the novenent along the guide rails 54) of the second body 52
rel ative t dorghtedifidldstctimndiyerSdf. forms the intefurad oir dlardding poition 2hd,sind addide body
24, the entire portion where the bent portion 24Wis forned functions

as the por pbRdné Havdy b hiveridiengl siefagérsalé s sthralppl iotdsidesdhe] hoth asl a
deform ng section in conjunction with the sliding novenent of the

second bodyoaRdn2tet BhiWflit® dirifioh) drdke IAReHAl Bit clalifing PetieebI Al at isphope
10C shown in the drawings, the entire portion (i.e., the entire

| engt h) st h%& rﬁblle 0Gah SR ‘é‘f’%ﬂd@lﬁ%p&’ﬂﬂﬁ' Ofd QIR M@%eﬁéﬁng@mﬁh ar e

nount ed at ends of the cable body 24 of the flexible cable 20A

functions r ;,egp e
form ng bo yl@fgﬁ?% ﬁloggh%%%%sggﬁdsgg&lgfahfoaﬁin |SIF%% g)%ﬂte%%%g@a, %1&1
portion that corres e def or.m,n ti0 ody
a1 n the oG L B e P

cl addi ng portion gfl Sd S%nl d portions that do not have internal
air |ayers "#ygeuifedomupg pady o hoth sides (i.e., both end portions in
the longitudinal direction) of the internal air cladding portion 21d.
It is rmre[%l&ﬂéferable for the internal air cladding portion 21d to
be provided over a range that includes the portion that corresponds
to the l8ef or ni nglnstb@tcplgﬂafdﬂmﬂ%bo%élkﬂ Rexibdeigabiu2Odig provided facing in a

direction that enables vertical bending to be applied to the cable body 24. Morcover,
the flexible cable 20A is provided such that the cable body 24 is facing in a direction that
causes the optical waveguide forming body 21 to be on the inner circumferential side of
the flexible wiring substrate 23 in the bent portion 24W.

15 [0105]
(Sixth embodiment)

In the electronic apparatus and cellular phone of the sixth embodiment of the
present invention, the flexible cable 20 described in the first embodiment is employed
instead of the flexible cable 20A in the above described fifth embodiment.

20 [0106]
(Specific examples of an optical waveguide forming body)

Specific examples of an optical waveguide forming body that can be applied to
the electronic apparatus, cellular phone, and flexible cable of the present invention, as
well as of a method of manufacturing this optical waveguide forming body will now be

25  described.



that is wider than this deform ng portion in the |ongitudinal .
direction of the optical waveguide form ng body 21. [0104] 10In this
cel lul ar phone 10C, the flexible cable 20A is provided facing in a
direction that enables vertical bending to be applied to the cable
body 24. Mreover, the flexible cable 20A is provided such that the
cabl e body @zbr#ls facing in a direction that causes the optical
wavegui de & tng body 21 to be on the inner circunferential side of
the flexible wiring substrate 23 in the bent portion 24W 15[ 0105]
(Si xth enbébxareie ) In the el ectronic apparatus and cellul ar
phone of the sixth enbodi ment of the present invention, the flexible
cabl e 20 déBiepirpiéan ¢fg corpdayar frmatphBlm metetialls enpl oyed i nstead of the
flexible cable 20A in the above described fifth enbodi nent. 20[ 0106]
(Speci fic exanpl dexfinerhompie (HxINB)aipbgui niethf brarbargeris o oxysilane

Speci fic exanples of an optical waveguide form ng body that can be
appl i ed5t o (diRBNB)-bastd polymenfyimrat x15,0.2e) FU.&8, aphonre) egnebséd Bxthbl e
cable of the present invention, as well as of a nmethod of

manuf act ur ifelpwilg Smepirdl FadmlaiCapodad 1ova¥ispgthotby. WNELt, Agw be
25descri bed. 67 [0107] (Exanple 1) [Preparation of a core |ayer

formation b dtd¥aé-8hde@pblymer was dissolved in mesitylene, so thata 10 wt% copolymer
solution was prepared. The aforementioned RHODORSIL PHOTOINITIATOR 2074
(CAS No. 178233-72-2) (2.55 x 10°g, 2.51 x 10 mol, in 0.1 mL of methylene chloride)

10 serving as a first photo-acid generator having an absorption maximum wavelength of 220
nm, as well as 3.0 g of a monomer oxidation inhibitor solution (described below), and Pd
(PCys) 2 (OAc) 2 (PA785) (4.95 x 10™g, 6.29 x 107 mol, in 0.1 mL of methylene
chloride) were added to the above copolymer solution, and were uniformly dissolved so
that a varnish to be used for the core layer was prepared.

15 Note that when the molecular weight of the synthesized copolymer was
measured using gel permeation chromatography (GPC: THF solvent, polystyrene
reduction), it was found that the mass average molecular weight (Mw) was 118000, and
the number average molecular weight (Mn) was 60000,

The monomer oxidation inhibitor solution was obtained by adding to HXNB

20 (42.03g, 0.24 mol) and bis-norbornene methoxydimethylsilane (SiX, CAS No.
376609-87-9) (7.97¢g, 0.026 mol), two types of oxidation inhibitor, namely, Irganox
(registered trademark — the same applies below) 1076, manufactured by Ciba Specialty
Chemicals of Tarrytown, New York state (0.5g), and Irgafos (registered trademark — the
same applies below) 168, manufactured by the same company (0.125g).

25 [0108]



A hexyl nor bor nene (HxNB)/di phenyl met hyl nor bor nene mnet hoxysil ane

5(di PhNB) - based pol ynmer (wherein x = 0.32, y = 0.68, and n = 5)
expressed by the follow ng structural fornmula (Conpound 1) was

synt hesi zed. Next, this norbornene-based pol yner was di ssolved in
mesitylene, so that a 10 w % copol yner 680l uti on was prepared. The

af orenmenti oned RHODORSI L PHOTO NI TI ATOR 2074 (CAS No. 178233-72-2)
(2.55 x 10{8gmpaungillx 10-6 nol, in 0.1 nL of methyl ene chloride)
10serving as a first photo- aci d generator having an absorption

maxi mum wavel ength of 220 nm as well as 3.0 g of a nononer oxidation
i nhi bitor solution (described below), and Pd (PCy3) 2 (0Ac) 2 (Pd785)

(4.95 x 104g, 6.29 x 10-7 nol, .1 of Rethylene chloride) were
added to the above copol yner+ PH—P R Reb—wexe—uni form y di ssol ved
so that a varnish to be used ffog SO r was prepared. 15Note
t hat when the nol ecul ar wei gh 3 e 12 iked copol yner was
nmeasur ed using gel perneation chr0'.|ogra —( [5PC. THF sol vent,

pol ystyrene reduction), it wa$ i mass average nol ecul ar
wei ght (My) was 118000, and the ‘ ¢ nol ecul ar wei ght (M)

addi ng to HxNB 20(42.03g, 0.24 nDI) and bis-nérbornene

met hoxydi net hyl silane (Si X, CAS No. 376609-87-9) (7.97g, 0.026 nol),
two types ?6(ﬁiidation i nhibitor, namely, Irganox (registered
trademark - % sanme applies below 1076, manufactured by C ba
Specialty Chem cal s New Yor and. | r afos

f S
(registered t radgr‘?ﬁ?t%g Sf%‘é sz(é%ede{’ﬁﬁlo?t&g tEfé%tb(&/tf %is%élbe[ﬁ%)ﬁwa%'?lb? 8 by
the Sam% CO ygtii]lylene te%c%iﬂ?alatez(%%%}g %]1 usmg a Lloctgmn? ed ;H'us c[)atmg Hlm was then

placed on a hot plate together with the PET film and dried.  As a result, a dry coating
film (i.e., a film material for forming a core layer) having a thickness of 50 pm was
obtained.

Next, first ultraviolet light having a wavelength of less than 300 nm (or 365 nm

10 or less) was irradiated, (in an irradiation quantity of 500 mJ/cmz) from a high-pressure
mercury lamp or a metal halide lamp via a photomask having an aperture pattern that
corresponds to the cladding portion, onto the obtained dry coating film so as to pattern
the core portion. The coating film was then heated in an oven and cured, so that a core
layer was obtained.

15 Note that the thickness of the core layer was 50 um, and the core portion was
formed having a square cross-section where the length of one side was 50 pm and in a
rectilinear shape extending over the entire length in the longitudinal direction of a
three-layer optical waveguide.

[0110]

20  [Preparation of a cladding layer formation film material]



A coating filmwas fornmed by coating the above described core varnish
onto a 5pol yethyl ene terephthalate (PET) filmusing a doctor bl ade.
This coating filmwas then placed on a hot plate together with the
PET filmand dried. As a result, a dry coating film(i.e., a film
material for formng a core |ayer) hav%ag a thickness of 50 | SM was
obt ai ned. Next, flrst | traviol et ving.a wavel ength of |ess
t han 300 nm (or By yn?#%’@B’Prhoé‘%eé‘j: (la%l‘gB}’m?tﬁ 1 efernogpornencadi at i on
quantity of 500 mJ/cn@) froma high-pressure nmercury |lanp or a metal
hal i de 1 an$AGERB-basretrobmas (KesrPing = ‘ETétpve? 0.43.andart é}) gxprpsged by the
corresponds to the cladding portion, onto the obtained dry coating
filmso as felwiag starchuralfernods € quapotind?), wasrsgntbesatedngNexd, thisvas t hen
heated in an oven and cured, so that a core |ayer was obtai ned.

15Not e t hamotbomenérbaded pslynef whhdisobired it anhgdronamhife,gmthaand0 ¥ core
portion was formed having a square cross-section where the | ength of
one side waspdfngohimidn iwas prep@ed.i | A tladding apich ext al8spRpared By disdddving
entire length in the longitudinal direction of a three-layer optical

wavegui de. if SdaldHthsHoRE 9&91&@ 400RioRf tvd t§pR G biigdati AYBKiIbR@! ML MrghiidxM
material] 69 Firstly, a decyl nor bor nene (DeNB) /i net hyl glycidyl

et her 1o bADRA o OAGENRIARRAYS ROHOTSEY bbihBAHRKEIL ashell o8 ebond

and n = 10) expressed by the followng structural formila (Conpoun

2) was Sy”%ﬁ%'a%ﬁqnhx'éﬁ& TAE}hjs'é rﬁ%g%ﬁ\?wfug}g%ﬂ% RIS a6k mé.ﬂB'irLtH‘.’?ﬁav‘?ﬁgsﬁlo' ved

¥
i n anhydrous tol uene scg th

absorption maximum wavelength of 335 nm.

10 Note that when the molecular weight é)f the synthesized copolymer was
measured using gel permeation chromatography (GPC: THF solvent, polystyrene
reduction), it was found that the mass average molecular weight (Mw) was 75000, and
the number average molecular weight (Mn) was 30000.

A coating film was formed by coating this cladding varnish onto a polyethylene

15  terephthalate (PET) film using a doctor blade. This coating film was then dried in a
drier together with the PET film so that a dry coating film having a thickness of 20 pm
was obtained. An excimer laser was then irradiated onto this dry coating film so as to
form trenches having a depth of 7 pm and a width of 100 um, so that a film material for
forming cladding layers was obtained (trench working step). The positions where the

20 trenches were formed were adjusted so as to correspond to the positions of the core
portions on the core layer to which the cladding layer formation film material was
bonded. When the cladding layer formation film material was bonded to the core layer,
all of the portions that were exposed on the two surfaces of the core layer of the core
portion were in contact with an air layer that was secured in the optical waveguide

25  forming body by the trench portions.



5copol ynmer sol ution was prepared. A cladding varnish was al so
prepared by dissolving in 50g of the above polyner solution, two
types of oxidation inhibitor, nanely, Irganox 1076, (0.0l1g), and

| rgafos 168 (0.0025g), both nmanufactured by C ba, as well as a second
phot o-aci d i nhi bitor (TAG 382 manufactufed by Toyo Ink Mg. Co.

Ltd.) having an absorption maxi num wavel ength of 335 nm 10Note t hat
when the mb?déll ar wei ght of the synthesized copol yner was neasured
usi ng gel permeation chromatography (GPC. THF sol vent, pol ystyrene
reducti on) [Compewmd 2flound that the nass average nol ecul ar wei ght (M)
was 75000, and the nunber average nol ecul ar wei ght (M) was 30000. A
coating filmwas forned by coating this cladding varnish onto a

pol yet hyl ene 15terephthal ate (PET) filmusing a doctor blade. This

that a dry coating fil m havi df 20 gm was obtai ned. An
exci mer | aser was then irradiatf ] Jry coating filmso as to
formtrenches having a depth o and~aAvidt h of 100 gm so that a
filmmterial for form ng cladfling Ilfayd yas obtai ned (trench
wor ki ng step). The positions ¢ “Pgnches were fornmed were

adj usted so as to correspond tqQ thé ppo | tyQns
the core layer to which the claydbkfig/l ayerNformation filmnateri al
was bonded. Wen the cladding | ayer formati 64 filmmaterial was
bonded to the core layer, all of the portions that were exposed on
the two sur@ﬁg s of the core layer of the core portion were in
contact wit air layer that was secured in the optical wavegui de

25 form.ng _bod the trench portjons. 70 [ Conpound 2
3 g [Prepg/rat?(%l ofa materleal (famirrl)ate body and 3-layeg’ optgge)l?wavegui]de (optical

waveguide forming body)]

Next, the cladding layer formation film material was peeled away from the PET
film, and one layer of this material was laminated onto each one of the two surfaces of
the core layer so that a material laminated body having a 3-layer structure was formed.

10 Next, this material laminated body was loaded into a laminator set to 120 °C, and was
compressed for 5 minutes at a pressure of 0.2 MPa so as to become thermocompression
bonded.

Thereafter, second ultraviolet light was irradiated (in an irradiation quantity of
100 mJ/cm"‘) from a high-pressure mercury lamp or a metal halide lamp via a wavelength

15 cutoff filter that occludes wavelengths of 300 nm or less onto the material laminated
body at room temperature and at normal pressure.  After the irradiation of this
ultraviolet light, the material laminated body was immediately heated in a dryer at
150 °C for 30 minutes so that the cladding layer formation film material was cured (i.e.,
formed into cladding). Accordingly, the strengthening of the adhesive force between

20  the core layer and the cladding layers was completed. As a result, a rectilinear 3-layer



[0112] 5[ Preparation of a material |am nated body and 3-1ayer opti cal
wavegui de (optical wavegui de form ng body)] Next, the
cladding layer formation filmmmaterial was peeled away fromthe PET
film and one layer of this nmaterial was |am nated onto each one of
the two surfaces of the core layer so t/hat a material |am nated body

having a 3-layer structure was forned. _ 10Next, this materi al
| ami nat ed Baasyf?wa%eauts’adb@ RN Vg irBme bety)dgving g “cs?théﬁeﬁwaga

conpressed for 5 mnutes at a pressure of 0.2 MPa so as to becone

t her moconpr@edi Y Osahasare layer thicknessipf pR 4, a claddiag kver thickpesy poRGrm,
light was irradiated (in an irradiation quantity of 100 nEcn2) from a
hi gh- pr ess anr@ameyegalk fuckagsp 0690 wmrtee-athe pih pide thiesness of the snaletas fyer
15cut of f filter that occludes wavel engths of 300 nmor |ess onto the
mat eri al | and thattleckresmty ofithe hooaeddnplyat)lura ohtadhedt nor nal pressure.
After the irradiation of this ultraviolet light, the materi al

| am nat &d Ipoidg] was i mmedi ately heated in a dryer at 150 C for 30

m nutes so that the cladding |layer formation filmmaterial was cured

(i.e., formed inNetcchadwd iRGnal ALEBddhdigrdon WhefoshéEROthbaBidhgs RimédR
adhesive force between 20the core | ayer and the cladding |ayers was

conpl et ed. uRSIAARINW forfali&iCfiin MARAEL o¥et AWBEe wilith SRl deahred@y egui de
(i.e., optical wavegui de form ng body) having a wdth of 0.5 cm a

o702t o5 AU RS Bl LAk By,
o PSSP, ISP G YL M kB ALRRSERS ("
10 direction of the optical waveguide forming body). The obtained optical waveguide
forming body had a structure made up of the internal air cladding portion having a length
of 4 cm in the center portion in the longitudinal direction of the optical waveguide
forming body, and solid portions having a length of 3 cm on both sides in the longitudinal
direction of this internal air cladding portion. Moreover, the air layer of the obtained
15  optical waveguide forming body had dimensions of 100 pum in the width direction of the
optical waveguide forming body, and 7 pm in the thickness direction of the optical
waveguide forming body.
[0114]
(Comparative example 1)
20 A 3-layer optical wavegunide was prepared by performing the same tasks as those
performed in Example 1 apart from omitting the trench working step described in
Example 1, and thermocompression bonding a cladding layer formation film material on
which trenches had not been formed onto the core layer. This was taken as

Comparative example 1. This 3-layer optical waveguide was solid over its entire length

25  inthe longitudinal direction.



Note that the internal air cladding portion was forned by the
trenches formed in the cladding layer formation film material over a
range whi ch excludes areas 2 cminwards fromthe two ends in the

| ongi tudi nal direction of the optical wavegui de form ng body (nanely,
in arange of 3 cmon both sides fromtbe center in the |ongitudinal
10direction of the optical wavegui de form ng body). The obtained
optical waveddail de form ng body had a structure nmade up of the
internal air cladding portion having a length of 4 cmin the center
portion i n(Meaasurcmmgt dfitle mateaghidrlesstvalon) of t he optical wavegui de

form ng body, and solid portions having a length of 3 cmon both
sides in the | ongitéstpicOadf Kiam@iet i 4id 20kstplecs of OéBpaaiveakimpleddaira g
portion. Mreover, the air layer of the obtained 15optical waveguide

form ng body.phrd, SATRNSEASRAt Q8 fBichdtd 16 vinhdli i cabddaridvoReoFIGe
opti cal maveQU|de form ng body, and 7 gmin the thickness direction

of the gptqqggnw@ygpy&; AhQhdi ng body. [0114] (Conparative exanple 1)
20A 3-1ayer optical” wavegui de was prepared by perform ng the sane

tasks as those p?ﬁgt%e%qgsﬂo%?ﬁé%@ quageg@% o0 Ll Lk RE N

wor ki ng step descrl ernDconpreSS|on Ing a
Formed ont SrenEeRel g & apleThTab Gt PrsBE ale® Mol baRET 3, 10, 1"
This 3-layer o id.over its entire 25in

The 1 oo Saefah), GReeh p T it &8 ma@%poafﬁwa%mw“eoﬁldiﬁ%m.“%:%eased

| oss val ue). oo . .
light source) of an incident-side multimode fiber 43 that was connected to a laser light

10 source 42 (i.e., a laser diode) having a wavelength of 830 nm was placed against one end
of the core portion 21a of this test piece 40, while a distal end (i.e., an end portion on the
opposite side from the optical power meter 44) of an emission-side multimode fiber 45
that was connected to an optical power meter 44 was placed against the other end of the
core portion 21a.  Spaces between the core portion 21a and the multimode fibers 43 and

15 45 were filled with matching oil 46.

Next, the laser light source 42 was operated such that laser light having a
wavelength of 830 nm was output, and the precision stage 41 was operated and centered
such that the output value from the optical power meter 44 (in other words, the quantity
of reception light) was at maximum. The light intensity was then measured by the

20 optical power meter 44. The optical intensity at this time was taken as Py.

Note that in order for this centering to be performed efficiently a precision stage
411 for precisely moving the incident-side multimode fiber 43 and a precision stage 412
for precisely moving the emission-side multimode fiber 45 were also used.

[0116]

25 Next, as is shown in FIG. 17B, the center portion in the longitudinal direction of



A test piece of Exanple 1 and a test piece of Conparative exanple 1
were prepared, and the nmeasurenment of the increased | oss val ue
descri bed bel ow (see FIGS. 517A and 17B) was perfornmed. Firstly, as
is showmn in FIG 17A a test piece 40 was nounted in a stretched out
(i.e., unbent) state on a stage capabl &of making preci se novenents
(i.e., a precision age, 41), Next, a distal end (i.e., an end
portion on “i%és‘?d}&ﬁ%gé Wgs Eﬁnaéo fi%?ﬁstawng thegqutar crmigEsneece)? nlgss rod 47
i ncident-side nultinode fiber 43 that was connected to a |laser |ight
10sour ce 4hayipg a diamgter s apd he sadmede fibse 43 and dé Mvergrlpccd regry theiviRas
pl aced agai nst one end of the core portion 2la of this test piece 40,
whi l e a di shdédofghrdegtipiase 40.anWhiel third?h degree banttstate wapposintaimed, agatefinpm
the optical power neter 44) of an em ssion-side nultinode fiber 45
that was cedjngoteatwispedhrmogtin tiadl sapowely arbt the abldedesriptdinegudggiand the
the other end of the core portion 2la. Spaces between the core

por t i on32laptatlintdieitnwhd nemdediusing e oplcapdwibdiemer. e Thi bewlingrhiitivas
mat chi ng oi |l 46. Next, the laser light source 42 was operated

such that kLgsiRa td g hdst Pidvd MDusthgWay ShiaRe dd Gl w3 YeribalWesdifslt PEe.opafd
the precision stage 41 was operated and centered such that the out put

val ue fromid:fRitQ B thz@mdrPMaEkeABE L. 44 (in other words, the quantity
of reception light) was at naxi mum The light intensity was then

measured by t hea{ﬁQ@%ét ﬁ%rdaqw%&f%@gé‘ré‘t”a%@ tRRY éafgar%h?i'gghtﬁﬁ?éé )

this tine was taken as Po. t in or

centering f i1l Y, | S . S 411. £ O -
precisely kg\%@ﬁgé}? Seu(glfnggllg's Zgr%{'l-e gﬂ]rggg?fuaflﬁf%gbg&ﬁagjgarﬁhg%:eg?#éleﬁ? Eé%llnsal on
st age 2 r, precisely novi t h 1.5S1 on-si de | timode fj ber 45
nere als PEuaBTET Srit) AR oS B G LS ad ekt SRS aed G
ortion in the. longitudinal direction of 73 the test npiece 40 was
Dot 90 dograsionias 1hSe Aeto mamerd Pl o akiags 413 atelh Recision ias 41
having a dianeter X, and the nultinode fibers 43 and 45 were pl aced
agai nst t hé® ihgbthe frgspiste 40rhatihad begyirazds by ghe sjginless roh S torpnipsgirte érchent
state was nmi ntai ned, centering adjustnment was perforned in the sanme
way as in Ower tab?@vvéer@ér@@fﬂl@é&lrﬂ@sagmﬁws riagsed hethe top surface 41a of the

precision stage 41 and by the supporting plate 48. As a result of this, one end side in

15  the longitudinal direction of the test piece 40 which had been bent 90 degrees around the
outer circumference of the stainless rod 47 was made to conform to the top surface 41a of
the precision stage 41, while the other end side in the longitudinal direction of the test
piece 40 was made to conform to the supporting plate 48.

[0117]

20 Four test pieces of Example 1 and 15 test pieces of Comparative example 1 were
prepared for a total of 19 test pieces. The above described increased loss value
measurement was performed for each test piece, and excess loss AP (dB), which is the
difference (Px ~ Po) between insertion loss Px in the test piece when vertical bending was
applied thereto (hereinafter, this may be referred to as vertical bending insertion loss),

25  and insertion loss Po measured when the test piece was extended in a straight line



5 optical intensity was neasured using the optical power neter 44.
The bending that was applied to the test piece 40 using the stainless
rod 37 was vertical bending. The optical intensity at this tinme was

t aken as PXx. Note that in order to performefficiently the
tasks of bending the test piece 40 by 9@ degrees using the stainless
rod 37, and of stably maintaining the test piece 40 in a 1090 degree
bent st at e (hergigaftes, this gy biegefrres] opp pectifineay insertion gspvat deglednas fi xed
onto the precision stage 41 so as to be perpendicular to a top
surface 4la of tRhevestient beriding igsasigen lags wasonaakisred faneadhdest ppreetha 0

that had been nmade by the stainless rod 47 to conformto the outer

ci r cunf er erfcldovahg tdyserst aianicqs srhew thedivamuds Xpofabs geinteys todd 7tvaye 18 umh,ace
41a of the precision stage 41 and by the supporting plate 48. As a
result of twhes,it e eMdaRl wieen itwiS? fmen. | Qhgiclyy dirvat tedi pieet thedliadetdre
test piece 40 which had been bent 90 degrees around the outer

ci rcunf gr engenctaitlfR r&d £7 Whedrddamld 4he MESudRER Jf theGRAIAT BBntiMgti@rticap
surface 41la of the precision stage 41, while the other end side in

the | ongit ygisRalk Qllfér%H&lQQe f?xfnest herpt esblPAe SRowHlinWas, igade to conform
to the supportlng plate 48. [0117] 20Four test pieces of Exanple 1

and 15 test pi eCﬁ%te%at%@g%éagjergﬁer%gga@!vﬁnéam{l@ PSRAAGAfbs, st Harrdehit al

of 19 test pleces scrib I NnCrease 0SS Vva

Enég)s ur Smrr:sgkhame%et‘rhe tfjtg? Fidi nles? rod?lg@nﬁegs tbegt'i f%ﬁis If’ltlﬂgt 1§X§pq1%ﬁ tcjr %%%es&j(lecen

rence ween I nsertion

the test pigce bendi n .

(ner el nat LD - Fhi Ehhiginnstthy R 00 YEan R Pen bt delmirinn venanatied on
| oss), .25and insertion |oss Po peasured when t st pi.ec

ext endéd i nVignaeigilpspdipg H’éem?ﬂﬂ'(%ﬁé%?%%ﬁ Lucishe h’\’aé% F‘&V%?IP%”{;O
as rectilinear insertion |oss was checked. The vertical

bendi ng i nSéihcisrnlesded haganibam 4 mHrviea dHs diawetepXaras 5mm; i 1 mm
foll owi ng sequence, nanely, when the dianmeter X of the stainless rod
47 was 10 rvhendiiediametendsvas Zmn. afiFiiha#, the band sadii aserdisplayasl a3 R3mse, one
test piece, the dianmeter X 5of the stainless rod 47 was altered and

t he measur &¥emmpdndtRilenny &r ¢cdresgpondanmdiing i nsertion

[0118]

15 In FIG. 18, the horizontal axis is the number allocated to the test piece (i.e., the
test piece number), and the test pieces having the numbers 1, 5, 7, and 11 are the four test
pieces from Example 1, while the remaining 15 test pieces are from Comparative
example 1.

As can be understood by referring to FIG. 18, in the results of the increased loss

20 value measurement, when the bend radius was R5mm, there were no apparent differences
(i.c., trend) in the excess loss AP between the test pieces of Example 1 and the test pieces
of Comparative example 1. However, when the bend radius was R2.5mm, a tendency
for the excess loss AP in the test pieces of Example 1 to be less than in the test pieces for
Comparative example 1 was evident. Furthermore, when the bend radius was R1mm, it

25  was clear that the excess loss AP in the test pieces of Example 1 was considerably less



| oss was perfornmed three tinmes. The results are shown in FIG 18.
Note that in the measurenent of the vertical bending insertion |oss,
hal f of the dianmeter X of the stainless rod 47 formed a bend radius R
that is applied to the test piece 40. The bend radius of the test

pi ece 40 to which bendi ng deformation Was applied 10 when verti cal
bendi ng insertian | oss ei ng nmeasured was 5 nm when the di aneter
X of tge stﬂ%ﬁnﬁpg? 65?8’(?‘“\?,\?%%(/@%‘“11 atiyqexample b when this di aneter X was
5mm and 1 mmwhen this diameter X was 2 mnm In FIG 18, the bend
radii are di spl a8 Bescrstils itpeas sopfirms thaRifihg tee pisses @8 pBis@ptiealt hi s.
[0118] 15In FIG 18, the horizontal axis is the nunber allocated to
the test pivayesyide ferming hedy)of Expnpled viighdwd e infergal divecladding portiapetere
having the nunbers 1, 5, 7, and 11 are the four test pieces from
Exanpl e 1, usdd, then thecfoldageindimagcedulddstmarkaitesnpaoedfin @ berdonghias of | ve
exanple 1. As can be understood by referring to FIG 18, in the
resul t s5of btteech agredasedtly bagl 20mwal ue neasur enment, when the bend
radius was R5mm there were no apparent differences (i.e., trend) in
t he excess|[t}asy AP between the test pieces of Exanple 1 and the test
pi eces of Conparative exanple 1. However, when the bend radi us was
R2.5mm  a (SRdERG@tahpk of ReaxeaSrhIRRbARaLR) t he test pieces of
Exanple 1 to be less than in the test pieces for Conparative exanple
1 was evi de@famdriisf hernmore, when the bend radius was Rimm it 25was
clear that the 'excess loss AP in the test pieces of Exanple 1 was
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had an I nterna r ng portion r
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surface of a polyimide film (Example 2).
Firstly, a copper clad substrate having a total thickness of 17.5 pm was prepared
by adhering copper foil having a thickness of 5 pm onto one surface of a base film which
15  was formed by a polyimide film having a thickness of 12.5 ym.  Varnish that included
the material for forming the cladding layer of the optical waveguide forming body (i.e.,
the cladding varnish used in Example 1} was then coated by a doctor blade onto the
surface on the opposite side of the base film of the flexible wiring substrate from the side
where the semiconductor layer was located. The resulting body was then dried in an
20  oven so that a dry coated film having a thickness of 20 um was obtained. Laser
working using an excimer laser was then performed on this dry coating film so as to form
trenches having a depth of 7 pm and a width of 100 pm.
The copper clad substrate was used in this state without wiring being formed in
the copper foil. Namely, this copper clad substrate functions as a flexible wiring

25  substrate where the entire copper foil acts as wiring.



(Specific exanple of a cable body of a flexible cable) (Exanple 2) A
cable body (i.e., an electro-optic conposite device) was prepared by
bondi ng 10 onto one surface in the thickness direction of the optical
wavegui de form ng body of Exanple 1 a copper clad substrate which was
formed by adhering copper filmto one ggrface of a polyimde film
(Exampl e 2). Firstly, a copper clad substrate having a tota

t hi ckness ¢01207. 5 gm was prepared by adhering copper foil having a

t hi ckness of 5 gmonto one surface of a base filmwhich 15 was forned
by a polyi m de fBé¢padtely ionthisaa tdre ddyness cbiddibg . 1%/eg farmyemiilshmatassl
included the material for formng the cladding | ayer of the optical
wavegui de f(@hére Rgndhedliaveialready Hebe foehmadidiadgpréparad.sh used in Exanple 1)
was then coated by a doctor blade onto the surface on the opposite

side of the baseThd hAGhctide héBd Hldahdvnkiclgls asHash ERLR the @M lhe st de
where the sem conductor |ayer was | ocated. The resulting body was

then drised gd1afigda ¢ ¢itnRAot RRh nRtedibYwGO MeBImbial MobANdsBiSheA it ﬁkﬁﬁlgﬁ s

of 20 gm was obtained. Laser working using an excinmer |aser was

20 g was obi er” wo f .
fepth of 7 ge el fPRbLPR b e B0 G EIGRRRRaMHE0 @

substrate VRS JUs d i tate mﬁthogb Wi ring being formed in the

t his
copper foil™ nﬁéﬂ?{Ep%wgnkégﬁg?w%ﬁgﬁmsuﬁg%rate functions as a

flexible wring substrate.where the.entire copper.foil acts. as

W ring. - 76 [ 0F28Re e coRbEIBTT e s s ons Jo SRS i PP ifigh B e
cl addi ng | ayer fornmtion fil terial ere trenches have al ready
been forne ﬁ%@@gﬁF%ﬁﬁFE@?ngkggﬁh %@é%ﬁ?ﬂ@eﬁé?ﬁﬁﬂgﬁﬁﬂgfm%
materials used to create the core Igéfr and 5t he cl addi ng. | ayer

format il8n feafaremenitoaed enre upreand gladdinggaygsiopparion fegnstend (Vhere Egughsst e

1.
had already been formed), which had been manufactured separately, were laminated such

that the core layer was interposed between two cladding layer formation film materials.
Next, a laminated body having a total of four layers including the flexible wiring
substrate (hereinafter, referred to as a four-layer laminated body) was loaded into a
15  laminator which had been set to 120 °C, and was pressure bended for five minutes at a
pressure of 0.2 MPa so as to become thermocompression bonded.
[0121]
Thereafter, second ultraviolet light was irradiated (in an irradiation quantity of
100 mJ/cm?) from a high-pressure mercury lamp or a metal halide lamp via a wavelength
20  cutoff filter that occludes wavelengths of 300 nm or less onto the four-layer laminated
body at room temperature and at normal pressure.  After the irradiation of this
ultraviolet light, the four-layer laminated body was immediately heated in a dryer at
150 °C for 30 minutes so that the cladding layer formation film material was cured (i.¢.,
formed into cladding). Accordingly, the strengthening of the adhesive force between

25  the core layer and the cladding layers was completed.  As a result, a flexible belt-shaped



The thickness of the manufactured core | ayer was 50 um and the

t hi ckness of the cladding |layer formation filmmaterial was 20

After the conpletion of the cladding |ayer formation filmmateri al
which is the dry coating filmforned on the base filmof the flexible
W ring substrate, the 10aforenenti oned7ore | ayer and cl addi ng | ayer
formation filmmaterial (where trenches_had already been forned),

whi ch had 58%f badihihsterrrdding fdpyer epiical waveguids ki hetrdigalstavastidiat t he
core |layer was interposed between two cladding |ayer formation film
mat eri al s. fpgERg bedy) E@ﬁm&% wifithet:S rava legsth of &9 e, deore bier thiglesss of 50
including the flexible wiring substrate (hereinafter, referred to as
a four-| ayeum,laalrddmgdayehthibknessms 20 pagen dniverall thibkress of0qrm (itei, ¢le swad
been set to 120 C, and was pressure bonded for five mnutes at a
pressur e ofof theZhibBessa thssihgle bere dayer drdehenbichngsesHitieniwoahddihg 14y@is? 1]
Thereafter, second ultraviolet light was irradiated (in an

i rradi abi oandb@Btibleywitthg ZbGtraed heniRy ad sveraliaxhiRkgis B EBS WinEa WRItE U ¥m| anp
or a netal halide lanmp via a wavel ength 20cutoff filter that occl udes

wavel engt han®h 16386 JTMOH ark @fifualbenddagod Qi wRA%8laidcam TR &fickody at
roomtenperature and at nornmal pressure. After the irradiation of

this ultray,Qb&lidd fofthihe bbRPwhOMWsitoAYER thAPRAbEE e BRI orae bhitERLAt €l Y
go fo at the c agdlng F

heated in a dryer at 1 r 30 mnutes so t ayer

formation fff.elu erWitnﬂ is&ﬂ 1r ,San(dgétyag oxﬂicd?n 4 ﬁtgt%roﬁgP%%r%eglogg‘qﬁ@fg%ﬁ he

Accordi ngly, the st enﬁt ehin e adhesive rce between

core | aver an hlsoth Mo gL BUESR R, SPIRLRDE i fPuBur il £, 2

fl exible be shape , ere"darecti %-Iayer

opti cal, wavegui d i.e., optical vegui.de form ng bod havi ng .a

o at 9" 2 e RaeitagiorSie e M eg qalye Rr e gty

a cladding. |l ayer. thjckness of 20 gm and an overall thickness of 90

gm (i .e., t‘%ltg@fﬁ?lcsffreftﬁ@ qf thecqptied vaypeuifrfoaning bady Wasmpdatas Sadsihe

t hi cknesses of the two cladding |ayers), ) )
Example 1 using the trenches formed in the cladding layer formation film material.

Moreover, the dimensions of the air layer in the obtained optical waveguide forming
body in the width direction of the optical waveguide forming body, and also the
15 dimensions thereof in the thickness direction of the optical waveguide forming body
were also the same as in Example 1.
[0122]
(Repeated bending test}
A repeated bending test where vertical bending was repeatedly applied was
20  performed using the repeated bending apparatus 60 shown in FIGS. 19A and 19B for the
test pieces of Example 2.
The repeated bending apparatus 60 positions two metal plates 61 and 62 in
parallel with each other with a gap G secured between them, and is able to
reciprocatingly move the metal plate 62 in a horizontal direction (i.¢., in the left and right

25  directions in FIGS. 19A and 19B) relatively to the metal plate 61 which is fixed in a



5and a flexible wiring substrate having an overall thickness of 17.5
gm a width of 3 m and a length of 10 mare nutually bonded

toget her, was obtained. The optical wavegui de form ng body was
positioned in the center of the width of the belt-shaped flexible

W ring substrate, and was fornmed in a ggate of being bonded over the
entire length thereof in the longitudinal direction of the flexible
Wi ring substsigti@osii@NGee it hiftedirhatal pdatejevhileenaantainengite gapr(al HRdreinafter,
cl addi ng portion was fornmed in the |ongitudinal direction of the
optical waweguétdieplite havingthbegivboleg isvlsterefdned samethamowviblEmanppletel
using the trenches fornmed in the cladding layer formation film
material . Mprogpver, the dinmensions of the air layer in the obtained
optical waveguide form ng body in the width direction of the opti cal

wavegui de for m ngpbRebhiecaBd wak gaat}hh@uls'ﬁg&;e%a%gﬂggédm@ﬁ&% tHeNwh getal

t hi ckness direction of the optical waveguide form ng body were al so

the sang ag ki GE)%ﬁHBb,eanElThe][tQ/%%%gsl iﬁ'?ﬁmggiﬁfai&?mcpgn Hx%?e}o}”w@rerfﬁ(@@g% &6

bendi ng test where vertical bending was repeatedly applied was
nd 108 ol e Pbad BREZLEH, RRALIRDGE PR AR R AN BV R i
oD e BB TR B Bl G560 e B A e v O
e or et BB R e L Bl SEA SRR S

(i.e., in B8 PSSR Iy
relatively to the netal plate 61 which is fixed in a
monitored.
10 [0124)

As is shown in FIG. 19A, the test piece 63 was mounted by being bent in such a
manner that half of the gap G between the two metal plates 61 and 62 conform to the
bend radius. In the test piece 63, a sufficient length was secured between the portions
where the two ends in the longitudinal direction were fixed to the metal plates 61 and 62

15 (i.e., the fixing jigs 64) such that the bend radius remained constant while the movable
metal plate 62 was moving along the aforementioned stroke. Note that the mounting of
the test piece 63 was oriented such that vertical bending is applied thereto.

[0125]

As is shown in FIGS. 20A and 20B, the tests were performed with the optical

20  waveguide forming body 21 in the bend portion of the test piece 63 facing towards the
inner circumferential side of the flexible wiring substrate 23 (see FIG 20A — this 1s
referred to below as a first orientation), and with the optical waveguide forming body 21
in the bend portion of the test piece 63 facing towards the outer circumferential side of
the flexible wiring substrate 23 (see FIG. 20B — this is referred to below as a second

25  orientation).



78 desired position (i.e., is a fixed nmetal plate) while maintaining
the gap G Hereinafter, the netal plate having the synbol 62 is also
referred to as the novable netal plate. [0123] The test piece 63 was
bent in a U shape and positioned between the two netal 5plates 61 and
62, and the two ends in the longitudindP direction thereof were fixed

to the netal plates 61 and 62 using fixing jigs 64. The novabl e netal
plate 62 was t heﬁom&]ergéleifp%‘e’aﬁmqhaw ’Q?taid’ dps phanddy wasgetdpd;lmm
order to inpart repeated bending defornmation to the test piece 63,
and the coffeh-14 ksad sFdiysd lt3e@m)pi ece 63 was visual |y nonitored.

10[ 0124] As is showmn in FIG 19A the test piece 63 was
mount ed by [®&ibhg bent in such a manner that half of the gap G between
the two netal plates 61 and 62 conformto the bend radius. In the
test piece 63, aTbufsultiofdts txpagmbntwease ssefolloed KWahelgen titelvasepufitid ons
where the two ends in the longitudinal direction were fixed to the
met al pbat escofid oferdatfid shéh ireFIG. 20T thd ogtiog Wavegui@edforiging bollhal whhe
bend radi us remai ned constant while the novable netal plate 62 was

movi ng - al omgefubd sBé:al afeinthe eRptocatinOHEverNat 6f thb tovitiemERupkicg of the
test piece 63 was oriented such that vertical bending is applied

thereto. [QddRknRa is shown in FIGS. 20A and 20B, the tests were
performed with the optical 20 wavegui de form ng body 21 in the bend

Poriion of the ! oy R rn3ul ROl Aot AUBRISHLAEIL G fl AT ko0t 2

side of the flexible wring s trate
R T T R
FRICHES AL NN IEA AT A RN RN BT
body 21 of the test piece 63. From these results it was clear that, compared to the
second orientation, the folding endurance of the optical waveguide forming body 21 in
the first orientation was markedly improved.
The increased loss value measurement described with reference to FIGS. 17A
15 and 17B was performed for the test piece 63 that experienced 80,000 reciprocating
movements by the movable metal plate 62 in the first orientation shown in FIG. 20A.
The results of this showed that the rectilinear insertion loss and the vertical bending
insertion loss were approximately the same as in the test picces that did not undergo the
repeated bending test (for example, the test pieces having the numbers (i.e., the test piece
20  numbers) 1,5, 7,and 11 in FIG. 18). While, excess loss was also the same as in the test
pieces having the numbers (i.e., the test piece numbers) 1, 5, 7, and 11 in FIG. 18.
[0127]
Note that the present invention is not limited to the above described

embodiments and appropriate modifications may also be made.

25 (a) It is preferable for the range where the internal air cladding portion is formed in



25ori entation). 79 Note that the gap G between the two netal
plates 61 and 62 was set to 3.1 mm(i.e., a bend radius of 1.5 mm).
[0126] The results of this experinent were as follow. Nanely, in the
case of the 5second orientation shown in FIG 20B, the optical
wavegui de form ng body 21 was fractured0shortly after the

reci procati ng novenent of the novable netal plate 62 comrenced.

I n cont r astthe lgngifdipal digectipolothe eably badiand theqptieal Meressidedarming hpd @
FI G 20A, even when the reciprocating novenent of the novabl e netal
pl ate 62 was vidariiosnenkegChaode defoimpg seatiney &f thaeptishlswivgge s fonming hydy
of any abnornmality in the optical waveguide form ng body 21 of the

t est pi ece ab@thefnlmbbdiese to @xhide shes¢ defagniog emtionshaowewaphe eres¢md t he
second orientation, the folding endurance of the optical wavegui de
form ng bodhweRflod 8 nbhiémitéd t6 thio sndedppadprian m@kficwiokadiybd mpdeovE&d:r The

i ncreased | oss val ue neasurenent described with reference to FIGS.

17A 15apd kxBnmesit RIsb@ossale fodkhis Haﬂﬁé RYe epbA¢e R Ictoning@¥qdhs eNBed
80, 000 reciprocating novenents by the novable netal plate 62 in the

first orienhatd QRvaiMToiningh&dy A8Mhe hBR tols W tesbdarblies shomrdntdiat

the rectilinear insertion |oss and the vertical bending insertion

loss were WJ&%&%@( I‘Idé?]% vﬁﬁ’nrf@th@??ﬂgr@ of i€ dEﬁ)Zlhingisgcﬁﬁ)ﬁ. t Mhe%grepﬂlg

undergo the rep en I ng test exanp he test pieces

' E G Top R Bnbly Fay o B o RS R TR il oB0F

optical waveguide forming body in the longitudinal direction thereof is formed as an

10 internal air cladding portion.
(b) In the above described embediments, a cellular telephone having a structure
where a transmitting microphone, an antenna, and a transmission and reception circuit
are provided in a first body, and a display unit is provided in a second body is illustrafted
as an example of the cellular telephone of the present invention. However, the present

15  invention is not limited to this. For example, it is also possible to use a cellular phone
where the display unit is not provided in the second body and is only provided in the first
body. Moreover, it is also possible to use a structure where a camera is provided in the
first body or second body. Furthermore, the camera, display unit, antenna, and
transmission and reception circuit may be provided in either the first body or the second

20 body.
(c) In the above described embodiments, a cellular phone is illustrated where a light
emitting element is provided in the first body side and a photoreceptor element is
provided in the second body side. However, it is also possible to employ a structure

where a photoreceptor element is provided in the first body side and a light emitting

25  element is provided in the second body side. It is also possible for light emitting



« pi eces having the nunbers (i.e., the test piece nunbers) 1, 5 7, and
11 in FIG 18. [0127] Note that the present invention is not
limted to the above descri bed enbodi ments and appropriate
nodi fications may al so be nade. 25(a)lt is preferable for the range
where the internal air cladding portioflis formed in 80 the

for mi ng. boaliHBLgEY hﬁo&g@%pﬁo@%}e?ﬁﬁ‘b%ﬁ%@? %'%ef?é%ﬁ i : lﬁ%?ig?t(?ﬁo%“’%gfﬁ@%’%%ﬁgd
f th i cal [ ' .
ncl ude e 8B 1 Mo SEEE P BhGCr NV LIEE: R BRI AP SAEToEId) <

not limted to this_and appropriate nodifications may be nade. For
Sexanpl e, LBINg deflexibleenbls asp@ding to theipseser Aention s9dhyprgisal signglpean be
def orm ng sections of the optical waveguide form ng body and the
cabl e body fragymitted febofpgirastigts. (i . e., shorter) than the deforning
section and within the range of the deform ng section. Furthernore,

t he pre§entd)i nveihd dectronic apbayetubendeegbiiby pltbni of e pustntiesnidreare nothe
entire length of the optical wavegui de form ng body in the

| ongi t udi ndimidd teatuctinestthe meos flexdblk ottite thchdingrodfhctker NnStruéiies that use
cl adding portion. (b) In the above described enbodi nents, a cellular

t el ephone Hfiayiblgablesthatidd wtiténcMiRcOnrclobd¥s Bk incided!! QUARIMES aldd
antenna, and a transm ssion and reception circuit are provided in a

first bodypoaile & Hpidy) AleMBlb ballls tHAf R YdrHRH sb1BlydySBRCHIYe BQDMbddSoptical
illustrated as an exanple of the cellular telepgone of the present

| nvent i on. JIOURNE! forrfiBE bBEFSERBlely6 Y Sk ABschiBeq'Gbid oyl ed 0 this.
For exanple, 1T 1s also possible to use a cellular phohe where the
di splaysunit is . v} iRt - 3 vi ded
in Chetfirst bod DBk etole/f EEARCIARIY Al e ARLKAEEY | T2
where a ca

REich B B P el el 8 b B0 o35 R
Furthernorez he canePa, 3?5%?& uﬂ???_% t18 ﬁ%, éﬁﬁ’?@%ﬁ’ é%?on and
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is fixed to a position where it is optically coupled with the optical element provided in
the second body.

15 (e) The electronic instrument of the present invention is not limited to being a
cellular phone.

Electronic apparatuses to which the present invention can be applied are
electronic apparatuses including a first body on which electronic components are
mounted, a second body that is able to move relatively to the first body, and a flexible

20  cable that is used to transmit signals between the first body and the second body, and the
electronic apparatuses to which the present invention can be applied include ali
instruments that correspond to this. For example, in addition to various types of
electronic apparatuses having movable display panels (the above described cellular
telephones also correspond to this type) such as personal computers (notebook computers

25  and desktop computers), video cameras, digital cameras, game machines, electronic



(c) I'n the above described enbodi nents, a cellular phone is
illustrated where a light emtting elenent is provided in the first
body side and a photoreceptor elenent is provided in the second body
side. However, it is also possible to enploy a structure where a
phot oreceptor elenent is provided in tlB2 first body side and a |ight
emtting 25element is provided in the second body side. It is also
possi bl e f dictiongies, T {nersegal degitabpssiviantsy aad MepHHnS MSHEHEY? SIhepifstes
to be provided in both the first body and the second body, and for

t he phot or @sépredikeslagmesiyesan énsirivghnts baning ¢lagroaicaspiielangcgajgmns such as
connected using the flexible cable according to the present invention
so that optvedals tgpegiNE wamolbrachimansis artdetle like dyeulso dichded.i ons.

5(d) The el ectronic apparatus and cel |l ul ar phone of the present

i nvention are noMordaved &ds profesibleutbituiededtivaic apparatas bf iz plekent aaeh®on is
i ncludi ng connectors. Structures that use flexible cables that do not

i ncl udescoRAEGheShéeRitiad BOvimdt UERE seddadBbdy, relativd ® tid S8t RASTahbe to
enploy a flexible cable that is fornmed solely by the above descri bed

optical wavReNiHerofRdifin BBt Phingd Und la¥or@ierdidecARAVES QE&(Hfieté@Qoﬂiéb' e
body. 10l n thi's case, for exanple,” one end of the flexible cable in

e T2 AL o B Aol g bt
ST, 5 455 05 U s O B iy gl e
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conponents are nmounted, a second body that .is able to nove nghgtively
to the firsefopamg seeion towhich beilias ddemmtien ismpplisdin sepgngtenyy g e ¢
signals between the first body and the second body, and the )
el ect r oni c relptermeesest efdhaecens hade rgpibadn thei figtdwdy. o Fusharmise.dbipl i ed
include all instrunments that correspond to this. For exanple, in
addi ti on t struenieasignet Wipesthe firddyst ispoevidedag p apationsekich pvinthe awsvabl e
di spl ay panels (the above described cellular tel ephones al so
cor r espond cirouthferentibgide) of sheadoragorper wbaebhendngpofoensionneamhied ko this
conputers
15  deforming section. In other words, this structure is one where the bending
deformation that is applied to the deforming section of the flexible cable is applied in
such a direction that the air layer becomes located at a position on the outer
circumferential side of the core portion.
[Industrial applicability]
20  [0128]
According to the electronic apparatus and cellular phone of the present invention,
in an optical waveguide forming body of a flexible cable, an air layer is provided in a
deforming section which experiences bending deformation as a result of the movement of

a second body relative to a first body (either a pivoting or sliding movement), and the

25  position of this air layer becomes located on the outer circumferential side of a core when



25and desktop conputers), video caneras, digital caneras, gane

machi nes, electronic 82 dictionaries, PDA (personal digital

assi stants), and neasuring instrunents such as testers and the |iKke,
various types of instrunents having electronic control mechani sns
such as various types of NC control nadhine tools and the like are
al so i ncl uded, Moreover

. 1t,1s preferable that the el ectronic .
Sppar at us. S GefURTe S gt YRR Aels i ie, &% ERGUEET B yds possivi
noverment of the second hody.relative tgo.the first body can be freely
performed V§ $HPH 53%1?9?%‘% ?x“%/%iﬁfgaé? (? Aleo 5‘%&)@VEHQHPPTBWEE¢I\F&‘£BE‘§E‘P%pes of
el ectroni ¢ apparatuses havi ng novabl e di splay panels correspond to
this), or &p&Idicecbthesaremertion vAacresdealnms aorsutrd tacdapreyep deldingel at i ve
to the first body is performed within a preset range by a drive
appar at us ehdrarcs ofjhe @pties] woveguidsdomaing bellyirgaipstrepeateid\bending, dt is hessible
first body. 10Moreover, the el ectronic apparatus of the present
i nventi dn hassarestffisehtfoddithetduimse & ek possitig thsecdciical utibzaston ofian
bendi ng deformation is applied in conjunction with the relative
novenent obptiatwaenpaiid fhadye balyat Mogedver, ithepdsiibktto baghyess Fglittidee midr e,
this structure is one where the air layer is provided at a position
whi ch is oaci® h-Gced;larg8od Rt BN MiSiodScveh WHIf 1RUpEcAE@idamhen
bendi ng deformation is applied to this 15deform ng section. In other

wor ds, thi $orafifdisddylof a fRxBRE bRk Ferlchss BeNh @ rola 00 BEd BNhd RBkivi S
applied to the deform ng section of the flexible cable is applied in

such a dir%RR59%F%@EESgaﬁd?%&ek%¥§E“Q%EQH§§°d'Cated at a position on

the outer circunterentia the core portion. [Industrial
applicq?iliﬁﬁ$ 20[ 0128] According to the el ectroni c apparatus
and cel lul ar p%one of the present invention, in an optical waveguide

f ' bod f flexihl I ir |l I ' '
ot or nng. secti ofiCH et Aigbe he eraBouEhbring SR et Be ok R o n e
of the movepent oy duascond Hody Lelatlve to bk (eiiher 2

invention becomes a simple one. Because of this, it is possible to obtain the optical
waveguide forming body of the flexible cable easily and at low-cost.

15



25position of this air |ayer beconmes |ocated on the outer -
circunferential side of a core when 83 the deform ng section

under goes bending deformation. As a result of this, it is possible to
ensure sufficient flexibility and to al so achieve an inprovenent in

t he fol ding endurance of the core porgigon. Accordingly, as a result
of the inproved fol ding endurance of the optical wavegui de form ng
body agai nst repeated bending, it is possible 5 to ensure sufficient
fol di ng endurance to nake possible the practical utilization of an
optical vwawegstdanddikimi ng body. Mreover, it is possible to suppress
|l ight | oss and achi eve hi gh-speed, |arge-capacity transm ssions even
when the optical wavegui de form ng body of a flexible cable
experiences bending defornmation due to the relative novenent of the
second body r ehmtlesteonioapphmtfsicosipribiogy. 10[ 0129] Moreover, if the

met hod of manufacturing an optical waveguide form ng body of the
present i nvent iadhstibodyoh whihcslectiepicsompenantsaarofmotied;f | exi bl e cabl e of

the present invention becones a sinple one. Because of this, it is
possible to obtaémnsirb@dbﬂtar @a@blwsamem@mfebftmth@ﬁ%beoandt he flexible
cable easily and at 84 What, is clainmed is:

15
el ectroni c appdrisxibde ??(??‘Fptg?tslﬁ Hﬁd 1, trppsat Sl&@éﬁ/be@ﬁe%h%ﬁrsép%iﬁ%ﬁlﬂec

conmponent s adﬁﬁgo ted; a second body that is able to nove relatively
to the fi¥SPdRody, Whegh a flexible cable that is used to
transmt S|gnakﬁaﬁhmmgcﬂﬂ e, first body and the second body, wherein

an optical waveguide forming body that is made of resin and is flexible and is
formed 1n a belt shape or a linear shape; and

a deforming section that undergoes bending deformation in conjunction with the
relative movement of the second body relative to the first body, and

the optical waveguide forming body has:

a core portion that extends in the longitudinal direction of the optical waveguide
forming body;

cladding portions whose refractive index is lower than that of the core portion;
and

an internal air cladding portion that is in contact with the core portion at a
position thereof that corresponds to the deforming section of the flexible cable and that
incorporates internal air layers which extend in the longitudinal direction of the core
portion, and wherein

the cladding portions are internally provided with either one or a plurality of
core portions that are placed beside each other in parallel rows, aﬁd the air layers are
provided in the internal air cladding portion so as to be on the outer circumferential side

of the core portion when bending deformation is applied to the deforming section;



the flexible cable has: an optical wavegui de form ng body that
is made of resin and is flexible and is fornmed in a belt shape or a
| i near shape; and a deform ng section that undergoes bendi ng
deformation in conjunction with the relative novenent of the second
body relative to the first body, and ®8he optical waveguide form ng
body has: a core portion that extends in the |ongitudinal
direction of tReeRih Hedptid\wROEIEER: hahilhBIdPRAY cobd RHH WHerb efikdr @RS
whose refractive index is |ower than that of the core portion; and
an i nt er ngla pliraliglcfdehiePpIrtME tha Aretpheatd bésidoacipbthach pwkallbl ol agor e
portion at a position thereof that corresponds to tﬁe def orm ng
secti on dbrhék bétweri bbair cbdlhdlignidydrh athosenefiiqive &ides id otver thah that 6f the

| ayers which extend in the |ongitudinal direction of the core
portion, cmeputhierseaml wherein pohtimns bhidhdicong lmer bihenthaawberetbecanapdryions
provided with either one or a plurality of core portions that are

pl aced bext theatedend dshthe claddipadasierseire fogwsd anmeladdieg portioh whesegefaagive
provided in the internal air cladding portion so as to be on the

out er ci rigggiistevirithan that @& thefcoraporigess enpwhereprihapisisabessgnige forming
deformation is applied to the deform ng section; 85 wherein
the opti cl%ﬂdy\}eas/@a dter@ak At glagiinaseatjorhwhcrg thegglayeay aie seqpprd by wsnchesthine

paral el Folhas ExPiie i oPaRudin dat oy S semhen sy aradoghoeas |
f ti i.nd IS |.0) th h f. 1 [ , d wh [
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| ocated g gﬂalso the cladding |layers are formed as a cl addi ng portion
whose refractive index is lower than that of the core portion, and

wher ein the opfj.GRlot i@y GO JicQBfEiir{kgton lt]@vﬁelregletgé ggcgﬁcpgc%]dggk r

cl addi ng portion where the air |layers are secure y tren t hat

are for mqvﬁéﬁlggﬂnggteffl Qiaj[arhgn%%e}y%iénut%itﬂea hlisg f)(gd%fg%nldon of the core

portion i cations ftacin core portron ei ther one or both of
the cl adding | rs,.on hoth sides of the core layer. 2. e

el ectronic apﬁ@%@?ﬁj‘%‘eﬁﬁ 8fnglﬁgjolaﬁ)t°cRa§? Wfﬁ\{ggm%%/erpom@, §’é%&‘ﬁd body is
pivotablx%gonnected via a thPe portion to the first body, and

the fl exidsfamingieetionofiths fexible sable i lpgated ingheyiginity AbthA hHge PRBIONI on,
and the deform ng section of the flexible cable is located in the

vi ci ni ty twedadhhiigheodysind itrsepradfoen t he first body and the second
body.

3. The electronic apparatus according to claim 1, wherein the second body is
provided so as to be able to slide relatively to the first body along guide rails that are
provided in the first body, and the deforming section that undergoes bending deformation
in conjunction with the sliding movement of the second body relative to the first body is

located between the first body and the second body.

4, The electronic apparatus according to claim 1, wherein the air layers are provided

in the internal air cladding portion of the optical waveguide forming body at a position



3. The el ectronic apparatus according to claim1, wherein the second
body is provided so as to be able to slide relatively to the first
body along guide rails that are provided in the first body, and the
def orm ng section that undergoes bendi ng deformation in conjunction
with the sliding novenent of the secosd body relative to the first
body is | ocated between the first body and the second body. 4. The

el ect r oni ghRRRAdAthY findC &R enta? sidk fddath podiieh Yhibhtifen Befouteryers are
provided in the internal air cladding portion of the optical

wavegui de ﬂ(‘c(alﬁﬁ%xgﬂmli’ ady s@&s @ sRRRdil 4B 001%\%ﬁmn%én%eﬁﬂﬂéﬁﬁofn%ﬁﬁl is

ci rcunf erent side and at a position Ichis ont

circunfer s_t.0 sandwi ch the core portion when bendi ng
defornatlgﬁhhgca%éﬁab gs?%gndefornlng section. 5. The electronic
apparatus according to claim1l, wherein the flexible cable has the
optical waveguide form ng body, and a belt-shaped flexible wring
substrate_that extends the length of the optical wavegui de form ng
body and ¥'s boltelectigniciaapaspts tesprdipaeglaimd . Pbeminile Bedble caghas the
bending deformation is applied to the deform ng section in such a

di r ect i orertisal wavisguidpforweals bedv.egdiadeltshapeil riﬂgmlbgo\yirims stibstratedlpt sntendre
inner circunferential side of the flexible wiring substrate. 6. The
el ect r oni the &pgdrdithesopicaloralieggdd oroing bd$ andvséoadal tb e dptiealivdveguide
Wi ring substrate has an electrically non-conductive base film and a
conduct orfolaygmhotif)ahd i s provi ded on one surface of this base film
and the conductor |ayer is bonded to the optical wavegui de

form ng body %n@iﬁgﬁ@foprﬁat% it Bl ROk iSfofh gseaﬁ)h@muchramemﬁl that
opti cal wavegui de form ng body sandw ching the base fil 7 he

el ectronig. apRal Rk ok dh §thVﬁM¥ rsde QMY and
t he second body artﬁgach pro %gocﬁe)@ ﬁchﬂhgg czi3 rggﬁ}]ﬁé%ﬁn%hgl S'E)(%)ertl on

t hat has el enent or a photoreceptor elenent that is
Optlca||¢%%%%%g%”l %&h¥%e optical waveguide form ng body of the
flexible cable, and an el ectrode portion that is electrically
connected to a conductive circuit forned by t he conductor Iayer of

the flexible substrate of t.he an t he
et bl Gp hid AR Al Pealdlfe b fifnd § gaersw e 1808 s0%.0r cof

and that ape.Heed ke ?ﬁgédnﬁgéuv%%&fﬁﬁﬂ 902 BEIHERPL OSRARL 1 C@

wavegui de form ng y an engn rea

eIectrlcqhog@gpﬁg&kgﬂghggﬁwgg@m&QQ copductive CIrCUIt forned by the
conductor layer of the flexible wring substrate and the el ectrode

portion. 8. ThecAldesbs Ak:Gs BeHIRA & US oGP Hval dfideForphid H&;cﬁﬁ so¥3e4 Bd N
the first body and the second body are each provided wth cabl e
connect i ngh e bppdRfe tilatheds framl th@hsticalvitehfide Ghraii@ibo d@rsalﬁlwmhmg the
phot oreceptor elenent that is optically connected to the optical
wavegui debakefimh.ng body of the flexible cable, and an el ectrode
portion that is electrically connected to a conductive circuit formnmed
by the conductor |layer of the flexible wiring substrate of the
flexible cable, and

7. The electronic apparatus according to claim 5, wherein the first body and the
second body are each provided with a cable connecting portion that has a light emitting
element or a photoreceptor element that is optically connected to the optical waveguide
forming body of the flexible cable, and an electrode portion that is electrically connected

to a conductive circuit formed by the conductor layer of the flexible wiring substrate of

the flexible cable, and



the flexible cable has connectors that are |ocated at both ends
thereof and that are used to create optical connections between the
opti cal wavegui de form ng body and the optical elenents, and to
create electrical connections between the conductive circuit fornmed
by the conductor |ayer of the flexiblg7wiring substrate and the

el ectrode portion. 9. The electronic apparatus according to claiml,

wherein the coheflbAyRcaBIE hhd\@nAbkbs Mat YRVSAHILE bb B HH HecROhhdNRG 2
cyclic olefin-based resin as the prinmary material thereof, and the

core portir@fsddso tearERptibyl chitRclidisddivaleh g @ﬁmﬂ&iﬂv‘é@n@@ﬁﬁﬁﬁl lyo8tind ays
or electron beans onto portions of a core layer |am nated body t hat

i s fornedhbypticat elsiments,cimp oS treate Bleddiosleonedctiand herwednitheondsctbhangad by
the irradiation thereon of active energy light rays or electron
beans, orfolyed brethapphducat layar ¢fhbe Bexoble fwitiemtubstrdt® andithe elebubderpoptivane
that serves as the el ectronic apparatus according to any one of
clainms 1 through 9. 88 11. Aflexible cable that is provided in an
el ectroni c apparatus that includes a first body on which electronic
conmponent® ar el heslgetrenic apprdatys aesewsing BEthjmth whersindbe Srspbody anddke
relatively to the first body so as to serve as a signal wire that
connect s %@é’tb?éb’ arefech proyided gt apablercnrnesiBaPRIlBB Hipt hasarient epiigne

an opti cal maveg e fornlng bod that i 5. made of gﬁln a dis

f1 exi bl e AFASTST f BRotRECTROFIERY h‘ép?@“ y goppsgiedito Srepeica L emie

opti cal ei t her

o gy by pf bR uR ep%?ﬁﬁ BRen stecrfie OOEﬁ?rr S agétgaﬁiya@%ﬁi
body thatto%rc%mm ﬁ%g Plrtgxgtsflog%ideo)a?fctﬁe %nl?i%cto fz'lyg rfghae ﬁemblgvu\fsim%rﬁl\lxﬁm}e otd

between a palir o ng port

portions gver other than mhere the core portions are

| ocat ed éﬁgﬂgﬁgﬁq% £ A adding | ayers have a refractive index which is
| over than thape gamslb%aa@ h8s RRREd Q9 that #BTocated at bR ehdl tﬁ&@a* an@ithat

cl adding portion that is located in a center portion in

| ongi tudi nal direction of the optical wavegui de form ng body, and
where air layers that are in contact with the core portions are
secur ed hyte tiscdne bestetopatal acnet Guradetexsh erdipfigaliwhvtfiedd PRYinkbddNad
direction of the core portions in |ocations facing the core portions
of the clthedpiimgl ¢layents,.and iPcredih eleftriealicohmectald letwenahdiomgdudtive eirawim
11, wherein there is further provided a belt-shaped flexible wiring
subst r at dotthed byethe eprictoh &ybreafghdhflexible mariagsubstadte wed/hg glediodegrontiang
body and is bonded to the optical waveguide form ng body. 13. The
flexible cable according to claim 12, wherein the flexible wiring
substrate has an electrically non- conductlve base film and a
conduct or9-| ayeaF erelesfronis awaéa;pﬁ%o@wgdﬁé aim 1, wherein the core layer of the

optical waveguide forming body has a cyclic olefin-based resin as the primary material
thereof, and the core portion is formed by the irradiation of active energy light rays or
electron beams onto portions of a core layer laminated body that is formed by a resin
composition whose refractive index is changed by the irradiation thereon of active energy

light rays or electron beams, or by the application thereto of heat.

10. A cellular phone that serves as the electronic apparatus according to any one of

claims 1 through 9.



89 surface of this base film and t he conductor |ayer is bonded
to the optical waveguide form ng body so as to be on the opposite
side fromthe optical waveguide form ng body via the base film 14.
The flexible cable according to claim 12, wherein the flexible cable
has connectors that are | ocated at bogh ends thereof and that are
used to create optical connections between the optical elenents
provided in the electronic apparatus and the optical wavegui de

form ng body, and to create el ectrical connections between the

el ectroni g cirgQietisleRaPé iR froviifineh@fcont SpRPRad Ahliscland s
conductive circuit forned by the conductor |ayer of the flexible

Wi ring suhslyfoatvehich difctrohlecchdponénid e ahhRdaedorsdidi@d oy eladpivoikdr
wherein the flexible cable has connectors that are located at both
ends t hergides etdivelas therfestboead sé a5 torset @s 0 pighdl a¥ircchmnentdcansgdiai \taen
the optical elenents provided in the electronic apparatus and the
opti cal wirselpdiyded flersetang bodgyepmarisingo create el ectrical connections
bet ween the electronic circuits provided in the el ectronic apparatus
and the conductiopticdiwayeguidd Ermvag bogy thatiscodd o€ resin andyeflexible tdis
flexible wiring substrate. 16. A method of manufacturing an optical
wavegui defofmedingpel shgpetaratliney sherfearst resin and is flexible and is
formed in a belat s_haloe or a linear shape, and that has: a core |ayer
havi ng ei t her Bhertise! waysepids formjngbodydiag portions between a pair of

cl addi ng | ayers; cl addi n ortion ere the refracgtive. i.ndex of
porti ong of yt r?ecoéffa)lﬂéerl 31 glﬂ{éﬁ@i‘c ?rﬁéﬁg’iﬁ[\@ Oég?eecoﬁ%ﬁ"{ffl%‘??s&é’i‘}a%tfc he

cl addi ng | ayer.s i.s | ower, than that ,of .t he core portions; and.an
o nar el S S At e Besif et 4%y BB Mo 1
t he | ongi inal._dir QN the optical wavegui de form ng body, and
wher e a?rﬁﬁv‘g%/eg?a agjhoéft%&g?glgilﬁjelésbnt aclto with the gore porti ong ar ey

secured by tr %Kh%ﬁagt%?ﬁ%ﬁg%ﬂa ﬁgﬁﬁ?ﬂs bfthd Q&Eﬁdygf‘éth%ﬂﬁ%d;gn%é@ ?ne%gfee 90 a

portions of the pair ayers, the net rsing:

core | ayeforfissiBd lo@e B RIINRE @ladcﬁf-l% Berd hhv Y ieph&tvel ih@hiwllasisheed
irradiated onto portions of a core Tayer formation film material that
cont ai ns taadf ihaSdf thh@Iir& pa€iods; ggder ati ng agent that is activated by the
irradiation thereon of ultraviolet light and generates an acid in a
pol ynmer havi ngaminmhad ait REiddingpdrtionlteAavd 1eate dzehttapodibancihes of f
this main chain, the core layer formation filmnmaterial is heated so
as to crdahghdimbfiracon vethe pgecal diaf égmiderfoenibe bwbeand whadkatledrsahaas

of the core layer formation material where ultraviolet |ight was

i rradi at exe Enenmohwith ediost mutiensasssectred bpfrendhes thaudre feruied leatending bt
was not irradiated, and so as to also cure the core |ayer formation
mat eri al thplpnghedied dire¢iin| of thererepmrbonssy dacadgnsipeng e icers poriinns glithde
form ng body. to be obtained,; a thernoconpressi on bonding step
where a ctaddinedayaayer formation filmmaterial that has the trenches
formed on one surface thereof and that is forned in a filmshape from
a material that contains a second photo-acid generating agent that

has a differe S tion maxi mym wavel ength from that of t first
phot o- aci 1 Gonde SERE Sy BmeCSH PR G &1 QTR e v ies Povidifie befeon
t hereon ¢ t i | i nerates an id.in a palyoer .
havi ng a Sf;})%lll’g §1 n%e?%éggﬁnﬁﬁl}lg#}sat%gtn%geg gsrr%lF Zesn I OMN- E%O dle°81 \3?1‘}'[% urég? % es
of the c I I . I i body nade up of the
core | ayggro(agr?galﬁygn?:%atézﬁﬁcgﬁ%aﬁfekgb ?rg(?% oﬁg'm material is

obt ai ned; and a cladding formation step where, after
ultraviolet Iight having a wavel ength that includes the absorption
maxi mum vgyel engtfexpic iR £e6aRG © BRI 1 AGHE IR AR RLIUIOwASRNubOtE: 1HQes
not include the absorption maxi mum wavel ength of the first photo-acid
gener at i ng ck@@itiall asn-beRNciive e Alngtn@AtonduRer TakLhhelk plaiddadhetde



18. The method of manufacturing an optical wavegui de form ng body
according to claim 16, wherein the polynmer of the core |ayer
formation filmmaterial and/or the polyner of the cladding | ayer
formation filmmterial are norbornene-based polynmers. 19. The

met hod of manufacturing an optical wagegui de form ng body according
to claim17, wherein the polynmer of the core layer formation film

mat eri al apELOsf thii®aROliIBRd of the cladding |ayer formation film
mat eri al are norbonene-based polyners. 20. The flexible cable

according to claim 11, wherein the flexible cable has an optical
wavegui de for mdnhady 1570 i Rnked Rdhdisiddl HRRHRL ﬂﬁﬂmi%bd@;&?faé%w i ng
. : e

an optical wavegui de form ng body according to claim
el ect r oni an hp pppaite sidaGoor tte optidabwevegnide Tormiiebalynvii the bhiefiinhl e cabl e
is the flexible cable according to claim 20.
14.  The flexible cable according to claim 12, wherein the flexible cable has
connectors that are located at both ends thereof and that are used to create optical
connections between the optical elements provided in the electronic apparatus and the
optical waveguide forming body, and to create electrical connections between the

electronic circuits provided in the electronic apparatus and the conductive circuit formed

by the conductor layer of the flexible wiring substrate.

15.  The flexible cable according to claim 13, wherein the flexible cable has
connectors that are located at both ends thereof and that are used to create optical
connections between the optical elements provided in the electronic apparatus and the
optical waveguide forming body, and to create electrical connections between the
electronic circuits provided in the electronic apparatus and the conductive circuit formed

by the conductor layer of the flexible wiring substrate.

16. A method of manufacturing an optical waveguide forming body that is made of
resin and is flexible and is formed in a belt shape or a linear shape, and that has: a core
layer having either one or a plurality of core portions between a pair of cladding layers; a
cladding portion where the refractive index of portions of the core layer other than the
core portions and of the cladding layers is lower than that of the core portions; and an
internal air cladding portion that is located in a center portion in the longitudinal
direction of the optical waveguide forming body, and where air layers that are in contact
with the core portions are secured by trenches that are formed in locations facing the core

portions of the pair of cladding layers, the method comprising:
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a core layer formation step where, after ultraviolet light has been irradiated onto

portions of a core layer formation film material that contains a first photo-acid generating
agent that is activated by the irradiation thereon of ultraviolet light and generates an acid
in a polymer having a main chain and a leaving group that branches off this main chain,
the core layer formation film material is heated so as to create a refractive index
difference between irradiated areas of the core layer formation material where ultraviolet
light was irradiated and non-irradiated areas thereof where ultraviolet light was not
irradiated, and so as to also cure the core layer formation material and thereby enable the
core layer of the optical waveguide forming body to be obtained;

a thermocompression bonding step where a cladding layer formation film
material that has the trenches formed on one surface thereof and that is formed in a film
shape from a material that contains a second photo-acid generating agent that has a
different absorption maximum wavelength from that of the first photo-acid generating
agent and that is activated by the irradiation thereon of ultraviolet light and generates an
acid in a polymer having a polymeric group, is thermocompression-bonded onto both
sides of the core layer, so that a material laminated body made up of the core layer and
the cladding layer formation film material is obtained; and

a cladding formation step where, after ultraviolet light having a wavelength that
includes the absorption maximum wavelength of the second photo-acid generating agent
but does not include the absorption maximum wavelength of the first photo-acid
generating agent has been irradiated onto the material laminated body, the material
laminated body is heated so that the cladding layer formation film material is cured and

the cladding layers are obtained.

17.  The method of manufacturing an optical waveguide forming body according to
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claim 16, wherein, in the thermocompression bonding step, a varnish that contains the
cladding layer formation material is coated onto a flexible wiring substrate so as to form
the cladding layer formation film material, and this cladding layer formation film
material and a separately manufactured cladding layer formation film material and the

core layer are mutually laminated and thermocompression-bonded together.

18.  The method of manufacturing an optical waveguide forming body according to
claim 16, wherein the polymer of the core layer formation film material and/or the

polymer of the cladding layer formation film material are norbornene-based polymers.

19.  The method of manufacturing an optical waveguide forming body according to
claim 17, wherein the polymer of the core layer formation film material and/or the

polymer of the cladding layer formation film material are norbomene-based polymers.

20.  The flexible cable according to claim 11, wherein the flexible cable has an optical
waveguide forming body manufactured using the method of manufacturing an optical

wavegunide forming body according to claim 16.

21.  The electronic apparatus according to claim 1, wherein the flexible cable is the

flexible cable according to claim 20.



