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1 DESCRIPTION ELECTRONIC APPARATUS, CELLULAR PHONE,
FLEXIBLE CABLE AND METHOD FOR MANUFACTURING OPTICAL
WAVEGUIDE FORMING BODY 5 [Technical Field] [0001] The
present invention relates to an electrorlic apparatus including a first body
on which electronic parts are mounted, a second body which is able to
rotate or slide 10relatively to thefgstiradyiend 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 is claimed on Japanese

PatemA RO saton . RADE S TIF1BUatk uneN B, ROEKther-onBnts aND
which are incorporated herein by reference. 15 [Technical Background]

[OQORHOD IS Wak RhuneSTeREX@!DPITIadg AVARIE GUIPPFORMIING BODY

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
[Teohmieglgdeldapether by means of a flexible signal line (hereinafter, referred

to as a flexible cable). A cable formed by housing a thin metal wire inside
[0801]

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
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 is claimed on Japanese Patent Application No. 2008-151713, filed June

10, 2008, the contents of which are incorporated herein by reference.

[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
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

pivotably joined by means of a hinge portion to the main body, and the flexible cable is
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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 25pivotably joined by means of a hinge portion to the
main body, and the flexible cable is 2 kalid inside the device so as to pass
adjacent to the center of rotation formed by the hinge portion of the

lafneyalleROG (5680 tRItepaRPIGaBatent tecemenss bandrolRa3lythe hinge

recent years, there have been demands for increases in both speed and
portianSMiSS R0 CRNABHYMIg Tat tanspNsTgRat dsidenelastiame pevices

such as gaming devices, electronic dictionaries, PDA (personal digital
[08@sistants), personal computers, and measuring instruments such as

testers. In consideration of these demands, it is becoming common for

optical cesoenuRicatiandeanelogyn Wich dses mphatesipdiidalseapagite
substrate which is formed by stacking optical waveguide forming

tragmpeentspddt(thesgmapy hemesuediigibe v stnplyas @ptitah as gaming
waveguides) and sheet-shaped optical waveguides on a circuit board so

dedscts wRat AR dittgiaiackPPDW i(pordentaidedppbthitsd pighalal computers,
transmissions within a device. In addition to conventional

arduatizsinase thoplicehwavenuidesigpaly mecdinshdaoiptica! tveneagpuidads, it is
which are easy to manufacture (i.e., to pattern) and have widespread

betbappd cahiliiyaferugeitds thenapticadi wvaréeBuidezynwkictnisyearshotoelectrical
development of the latter optical waveguides has been carried out

corgositgsiybitrignatiivgl fofdhrseppiicakingvpguideste hededatadmscamponents
single substrate forming component either independently, or by being

(tisteckey ba & kincuitsbbRivatenliply tivcopiardmantgndesphododlaatsicgled optical
composite substrate, and to be formed as a rigid material.

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
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.

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).
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20Moreover, 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 ang the like formed in cladding
portions functions as over-cladding, and provides an improved light

[PaesHiRARRgghpaaesfParxRMpRicRAsaNF FOCRiBEBASdn RioaDJ03)0H 469
[Patent document 1] Japanese Patent Application, First Publication No.

[PARLPNRLARA] PRIgpides Patent ApdananeseinaritiApabisaten dosst 70324
Publication No. 2005-070324 [Patent document 3] Japanese Patent

[PARRAlidatiomekirs RybliealipadioARP03:801 06sbRlisatasureNd. the03-207661
Invention] [Problems to be Solved by the Invention] [0004] However,
for example, as in existing cellular phones, in electronic devices that
includes a main body and with a movable body which either rotates or

[CElidesurl ativedylte ddihe] main body, the current situation is actually that
optical waveguides are not being used in the flexible cable used for

[Pirch1smittnpesipnald betvedn taeienain body and movable body. Little

progress has been made towards the introduction of optical waveguides
[ObBigle devices. As has been described above, it is normal for a

conventional optical waveguide 15to be foilled as a rigid material in order

to be usedasrafsinglemspiestraie éristingeetinipopiesics] ypiclalyottie dorees that

and cladding portions of this optical waveguide are foiied from solid
inohadesialmalin bthgrandredshnmeondiddradpivhiat biksr givenstortbiédaseclatively to
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
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.

[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)

deformation. Moreover, it is necessary for optical loss (i.e., bending loss) due to the
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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 thgf movable body which either rotates

or slides relatively to the main body. In order to adapt an optical
benavequidecasiiarigxible pabdestidaest havassiiieiemhfilexiility o enabliag

it to perform bending (i.e., curving) 25deformation. Moreover, it is

opIRGESEMSes Bplicakiagtd.e., bending loss) due to the 4 bending (i.e.,
curvature) in the predicted bend radius to be small, while still enabling

[0oop&tal signals to be transmitted. [0006] Several polymer-based optical
waveguides capable of undergoing bending 5defoirnation have been

proposkeeHDPRYBcribiseObaSH Wadeyelon a4aprttcahoaticaliwaveadise

that enables a contraction in the bend radius to be achieved while
degeaubinenahslatbestn prepsatisfadiyy pRlical Sighalpas rissions prsctical optical

possible. For example, users require that the flexible cable of a folding

wiypguideelilanaphene shotldibe iable: teche hdhisabdbedid dadiushole securing a
approximately 1 to 5 mm. In this case, it is necessary for the optical 10

stivaveguidatiorhgablepiichieshent atassiialbhentt fadiislof 1Rorz:manpnikers
still keeping optical loss small enough to allow optical signal transmissions
retibe theribenfledibhtisibtiorily fvhknethg opticallwavphoidslislidicaiipiso be bent
bend radius. For example, if the optical waveguide is formed in the shape
atafteeildiradhseif{hgpiog @dkigkness ofpfor xarisplaseyin iz @0y @iiyes)the optical
then the bend radius can be made extremely small. 15However, it
whegniidesdiffiableto detidie folasigadriduchrckundhé opfiaahywakdguidekiédping
is simply formed into a thin sheet. Note that this bending endurance refers
ofttical issRanilt @hengh tartie thapticakegnh tiffiasit fsicrmpiregparfdrthedlike
(for example, folds, fractures and the like in the core portion) which cause
saopficadidgsviceintreapedd bagenetaiedeitwabipiailtmdipsesdior sizabjde, if
obstructions to practical usefulness when an 20optical waveguide is used
thtootheafl@abéguidbls. f{a6@d 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.
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
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,

a flexible cable, and a method for manufacturing an optical waveguide forming body that
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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, 25a flexible cable, and a methad for manufacturing an optical
waveguide farming body that 5 make it possible to secure sufficient

miRXipihtyand & Righe velnfifatdiegiBny miaceHpReOptisafMarMe @diElGance in

farming body of a flexible cable for transmitting signals that connects

artogathehafistidedyrafiag wactorniclaapr aibt Fodmsaaandbadyaloeraof
that moves relatively to this first body. In addition, the present invention

conlse8NablenerRtGS! HSS (6f be SdpRoassespandulighisPerdnibbgayCapacitthat
transmissions to be performed even when the flexible cable for the optical

miadaglidecBxpemienfes bemdingrdefanoationheeesesuiis aihienrglediveable
movement of the second body relative to the first body. [Means for Solving

optiea Pls¥sl e 50[9008kd anthhosdapte saigdhambayardesarirmproblems,
the present invention employs the following means. A first

peefohnétinent et araibinvaslidorishanelieairanie apdaaips ihakhdsmling
first body on which electronic components are mounted, a second body

ddfuaiistiapleste dsoovethelatively imdhentisat bodly, eoohd Bedibtel saddadhiag first

is used to transmit signals between the first body and the second body.
boblpe flexible cable has: an optical waveguide forming body that is made of
resin and is flexible and is foiled in a belt
[Means for Solving the Problem]
[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
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.
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

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



10

15

20

25

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. 20The optical waveguide forming body has: a
core portion that extends in the Iongituginal direction of the optical
waveguide farming body; cladding portions whose refractive index is lower
intbaR N revinel 6o Pertipon@bH AR IEIlrabrelpedingspRstiar: thatdd Beside
contact with the core portion at a position thereof that corresponds to the
cadBfeieing paetienehihiedexibleicrllavid pratineorpaiaiasiniaraiaaidding
cladding layers which 25extend in the longitudinal direction of the core
pRAdIoH e blagding pasivieaidcfitidrsialyprayiead potheithaeobending
a plurality of core portions that are placed beside each other in parallel
dotrraaandl ithe pifel@ye theatefpravigeddidhe internal air cladding portion so
as to be on the outer circumferential side of the core portion when bending
defonnatiesvit] appiriideriherdedgieiog: sectiarnbh secoadenbaginanisof
the present invention is the electronic apparatus according to the first
aceorbbgimant ihe hibedsaeand hoeyhis Rivatabydgas peaiet viaanhdoge via a
portion to the first body. And, the flexible cable is laid so as to pass
hittgopahithadhing€ipotiay. AnaditaRéieibingisedytaididhs flepilletioallgh the
is located in the vicinity of the hinge portion between the first body and the
hisgepoetibady AL tirdt &mhigirtenbaiohd preseiticmgdatiovidein the vicinity
electronic apparatus according to the first embodiment where the second
oflrbeiiisgerpaitden savasctothe fabteddslide tiedatvehd toothe first body along
guide rails that are provided in the first body. And, the defonning section
that undérgdembediiegtddfhrenatominncenjivicisahendtbcthen&ligipgratus
movement of the second body relative to the first body is located between
ackhedirgt thSHaofins tasrdbibd reecontiddodye secordl tondyhisepnivddihentotdlie able to
present invention is the electronic apparatus according to the first
sleinbabaivdptoviver &t d@ly lalpasguid pralidbat irdipeonidrdat die dladdindy.
portion of the optical waveguide fonning body at a position which is on the
Ami) éreciiclionniigrg 13 tieti sioh z ok ddrgope Sitiating hicformetioth e @otgrnction with the
circumferential side so
sliding movement of the second body relative to the first body is located between the first

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
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 flexible wiring substrate that extends the length of

the optical waveguide forming body and is bonded to the optical waveguide forming
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20 as to sandwich the core portion when bending defonnation 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 Waveguidx; fonning body, and with a

belt-shaped flexible wiring substrate that extends the length of 25 the
bRRticaA M Radide derpringtipady andiie kondesttoriim @ptaabave@Hisl@irection

fonning 7 body. And, bending defon ation is applied to the deforming
thsEGHioFp it sl gifes iominat Bbeytiical savegedden tRwingbelyumferential

becomes located on the inner circumferential side of the flexible wiring

sigeIbstRiEleA i tRigmbadisaary. of the present invention is the electronic
apparatus 5according to the fifth embodiment, where the flexible wiring

substrateikhseaib edaetitaitnopraendisting Hasetidolca fdracCppiuaiay
layer that is provided on one surface of this base film And. the conductor

adeyrding Romdatitoding Qptitak Wwaves uidaTtonbling gy 6bsasttohae anelbétrically
opposite side thereof from the optical waveguide forming body

n@A0cICHING basclrase il alRAGRYENHY andhndipantioédlon presemface of this
invention is the electronic apparatus according to the fifth embodiment,

basthéite tha fidstiochyhdoctdhiagecnribhddytarthcasicproddad it Hoamal®ody so

connecting portion that has a light emitting element or a photoreceptor
asalebeant thabigpogiticsily dursetiashichihepoipticalavayede ifdedimgibglpody

of the flexible cable, and with an electrode portion that is electrically
sagdmiddiegdthe Batd€dmductive circuit fonned by the conductor layer of the

flexible wiring substrate of the flexible cable. And, the flexible cable is

equippedewtiiticembedioranthdttAseptogatethairioth ie nds dieeteni @b thads

are used to create optical connections between the optical waveguide
ackanrting toably fafil ¢heb ogitieal teleheentse dingt todyeaid thtegitioad body are each

connections between the conductive circuit foimed by the conductor layer
prof el fleitbéecabitinepAisttbstnadetiandhiitch adectigde pariignelement 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
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
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

body of the flexible cable, and an electrode portion that is electrically connected to a
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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 photogeceptor element that is optically
connected to the optical waveguide foiming 25body of the flexible cable,

coRdd AV eleiadR PAUoN thatimelresHoalt comentashle #idheanBuetineof the
circuit fonned by the conductor layer of the flexible wiring substrate of the

fidlaxibleapable Madibe Eaxibleasdbin dhasmasnoactRis dhabaietoaaieth @hds

both ends thereof and that are used to create optical connections between

ththeodptigéahyvavegiidedisiningopadyl abanhei onlicehalemanisy@nd @veguide
create electrical connections between the 5conductive circuit foimed by

foteigobeicteldlayes sl dhie: fiexdale, widng stlasirelte @itd] thenaieaibasiBetween the
portion. A ninth embodiment of the present invention is the electronic

condpatiatus Racofsting d® yhadicsh émbedinand frherrtitcopticas wibeaguidad the
forming body has a core layer, where either one or a plurality of core
clparioapdhadare placed beside each other in 10parallel rows are fixmed
between a pair of cladding layers whose refractive index is lower than that
of the gatrpastitiagihad, qfahignssehtlieveatdlagehothestibaio yparetike
core portions are located and also the cladding layers are foimed as a
accladiliggqobrifinydnosal iefeactive s dexdstiow erathanidefooiding bods has a core
portion. And, the optical waveguide forming body has the internal air
lagtagaingepathanowdera fleralitjaylrsraioitbasahedbypiieathbes dbabaiether in
fonled extending in the longitudinal direction of the core portion in
pdadkiioos facing flrenedrepostien abeithercbnklog hofhroftheseladdicigyve index is
layers on both sides of the core layer.
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
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
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.

An eleventh embodiment of the present invention is a cellular phone that serves
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A tenth embodiment of the present invention is the electronic apparatus
according to the ninth embodiment where the core layer of the optical
waveguide 20limning body has a cyclic olefin-based resin as the primary
material thereof, and the core portion ig fom ed by the irradiation of active
energy light rays or electron beams onto portions of a core layer laminated

asknel ¥ IHalosi fQil pak Ay PatRsidiGRPasS|tia \Wharermefraebven felel isnbodiments.
changed by the irradiation thereon of active energy light rays or electron

beams\ ek 8ytthereaiieatootherptesehhiaabntibAn el et eaprodiment
of the present invention is a cellular phone that serves 9 as the electronic

proPRRBiS RERREING tppatanenaf Kae firsbiinaliothtamnidiesnkedime Bésaponents
A twelfth embodiment of the present invention is a flexible cable that is

arpiayideedinag ciectanivapparapissotbal bages filstivegyt@mwtiighbody so as to
electronic components are mounted, and a second body that pivots or

seslicles aalgtivelyito fing fisahbadyopeths thSsesvBods arsighabwvisadibatly. The
connects together the first body and the second body. The flexible cable

flhablavabpiinad wavp@cile AvopindeToehitiobdeynasie Ok Biediisadexibitxible

and is fom ed in a belt shape or a linear shape. And, the optical
anday éguide limrtey slogy baslacerenlgyer whdreteitieicane areguyiter &dity oig

the core portions of this optical waveguide forming body that are placed
bdasside: aachedtiier nHeas alitleians are fourgidyldnabrveenpRIiOdf this optical

cladding layers; a cladding portion where portions of the core layer other
wilaguidediettirgcosdypbtians Ene dd tatedeandhalsioethie plasltiheplayers formed

have a refractive index which is lower than that of the core portions; and
beawdaier paledf claddiing |ppetion thaddmippaiadnwace patipostidnhia ¢he: layer

longitudinal direction of the optical waveguide limning body, and where air
otlayreharihaharetie cortaottivitl dneloorepaniorsolthard sidiugdaybys ienches

that are fonled extending in the longitudinal direction of the core portions
refinalaoatiods fadhnchthd woce thontihat off tthe clac@ngjdayeasd 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 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
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

s0 as to be on the opposite side thereof from the optical waveguide forming body
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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 foirning body and is, 20 bonded to the optical waveguide
fonning body. A fourteenth embodiment of the present invention is the

safl@xsiRigis2lle B&acofding to the thirteenth embodiment, where the flexible
wiring substrate has an electrically non-conductive base film, and a

condugt@iflayen thabisipreMidgdRparesuniastion ibihoasibleecndadberding
conductor layer is bonded to the optical waveguide limning body 25so as

totth&eh e Bch pIRsiitsidevihere oflmuxithe captichhydvegiss fRaniRglocated at
body 10 sandwiching the base film. A fifteenth embodiment of the

baheseRtvrention iththatexklecakliaassocdingiachinb tRinesrih the optical
embodiment, where the flexible cable has connectors that are located at

eloathgpasvide ol thadtialoaie Aiseaatascisatt oppical Icomeeion sobeine8ody,
the optical 5elements provided in the electronic apparatus and the optical

andayegside:fesriing hatlycant beoreateiflatiiaahtotinadtiops bebudaanhne
electronic circuits provided in the electronic apparatus and the conductive

cledrestii dappechiy dnd tenduciortayeirohih@ifiexdde wiriashdubsirdiger’of the

sixteenth embodiment of the present invention is the flexible cable
fladbly dingh g Qibthatéourteenth embodiment, where the flexible cable has
connectors that are located at both ends thereof and that are used to
createAopitcadibrngeitinginaifsbe pibengdticaheteniemis fixolitdadibitcthecording
electronic apparatus and the optical waveguide forming body, and to
tochediauetesicahbodineatipnd bretiie dle titd cetabiednic airciisopr ovidert ilvcated at
the electronic apparatus and the conductive circuit fonned by the
batbrddsthetaytaraf the dsflexibie vicing grthsirat@nections 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.

A seventeenth embodiment of the present invention is a method of
manufacturing an optical waveguide forming body that is made of resin and is flexible
and 1s 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 of manufacturing an optical waveguide forming body includes: a
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A seventeenth embodiment of the present invention is a method of
manufacturing an optical waveguide foirning body that is made of resin
and is flexible and is fonned in a belt shape or a linear shape, and that has
a core layer having either one or a pIU{%Iity of core portions between a pair
of cladding layers, a cladding portion where 20the refractive index of
cROTHPRSIOfHAE 05 fRyaERINETNAR10R kO 16 RORHO BScane-afithel daddpdstions
layers is lower than that of the core portions, and an internal air cladding
ofRocieNIiat forivatterfimamsapiel PRItieshiniike lRRYUGibalSirestiantafdhgent
optical waveguide limning body, and where air layers that are in contact
thytith 4bevaere oo ns.digisacutecbh\ remeRes dhab i en@wesetifrelagaiiciasn a
facing the core portions of the pair of cladding 25 layers. The method of
pdRanfastidng aninpleal waveadadermnipgHedyaintledes thid gorehain, the
layer foination step where, after ultraviolet light has been irradiated onto
capeltipastefaaciorefl ayeniarnationdtited mais taltatecorsing v fifslex difference
photo-acid generating agent that is activated by the irradiation thereon of
betikavi oteidiglat anch g engiatescayaeitbitatioal et hdvingraunainichainght was
and a leaving group that branches off this main chain, the 5 core layer
irfattnat endiorriatetiakls real ekt As horeralaiey ioleftadtiveanalexirradiated, and
difference between irradiated areas of the core layer fonnation material
sovkeselsliravie bk light Wugsriftadiated andriehatdadiatey arabk thereat layer of
where ultraviolet light was not irradiated, and so as to also cure the core
thiayptidelivatieguitkiésiahiagd tdgrebycatatiecthe daensyenpicthonpbading step
waveguide forming body to be obtained; a thennocompression bonding
whitep dlfladbrre layelafidingt ey €l tohatienafi bim nhatetialt thatHwa s th doitend lnasone
are formed on one surface thereof and that is fonned in a film shape from
suafmatdkaldhad ¢ dnitaih foanseLond flhothapei trgarenatiagah denicthaiinas second
different absorption maximum wavelength from that of the first photo-acid
ploenacad ggregentgpagt tih didsastivaiticr dyt thedrpadiation tihareovaoélength from
ultraviolet light and generates an acid in a polymer having a polymeric
thgrotiphd $isstipdisto conpressiamp agdeichod thdyothasitas d by ehe aneddatern
so that a material laminated body made up of the core layer and the
thetadd imQulaperdlen hatio antil ige neateriain s o b tai ngo amdrah alanigl mpolgrmeatéarroup
step where, after ultraviolet light having a wavelength that includes the
is dusormptionreaxionumnded elendtbtiobithes o tondophbtyensial therenadingal
agent but does not include the absorption maximum wavelength of the
lafimstaR0l plodyoracid genttiatingradrt had theatitduidtod oivtontiiem@bariahterial
laminated body, the material laminated body is heated so that the cladding
s lelyerfedmationclilchi ma oriahisoourtep whdrtheftiadtingi tdyeglarkasbtaimed.
An eighteenth embodiment of the present invention is the method of
wanalwofzbttan gnaludgstibalasrpgoitmdsiming Wedsl axgtbrefitigetectoed photo-acid
seventeenth 25embodiment, where in the thennocompression bonding
gestoptingragenshuhdocompaimsltile iR 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.

An eighteenth embodiment of the present invention is the method of
manufacturing an optical waveguide forming body according to the seventeenth

embodiment, where in the thermocompression bonding step, a varnish that contains the
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cladding layer fon ation 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
foilation film material and the core layer,are mutually laminated and
thennocompression-bonded together. 5A nineteenth embodiment of the
cliMesghiraotantisthe e ed-ohmaoniaate Brg R apEcal WaeILIaR to form
forming body according to the seventeenth embodiment where the
thpelymenofdne eanadayeripimationailanaaiedaldandlianybefpatymen afthe
cladding layer formation film material are norbornene-based polymers. A
mitéeniliat ansgnditsniahtifecaresedbddventiorisiAtameifich @hdrial and the
manufacturing an optical waveguide foirning body according to the
cozidiateentd ebatdimaninube m dnBdpelycaaippédsiercboadayesdermaation
film material and/or the polymer of the cladding layer formation film
material e toeboeRtibase d Mol pressaAdveaniohfisshe mbadinent of
the present invention is the flexible cable according to the twelfth
memiedimestivdpeiathefiexible tabitsedyppaddiithtanhepioahttanth
waveguide forming body manufactured using the method of manufacturing
erabodptical wisteghidsoformeings adsoactoreingtimttvn stnemtaenth and/or the
embodiment. A twenty-second embodiment of the present invention is
pdhenelestrhaiclapbagdtysaioeordiog fothaditsiambedirmventvherediwlymers.
flexible cable is the flexible cable according to the twenty-first
embodinneaiti2h etibeidiysthir d ibpdiaenhoéiberpregenhinived vdn is an
optical waveguide forming body that is made of resin and is flexible and is
minufietiiing be bsiapevoyalitkedoahapeh @hdandidieg ta thera ginetioth that
extends in the longitudinal direction of the optical waveguide forming
erbloatinacladtiong thonpicymdragatie fractivg dnfemigilow@inihandhat aidhe the
core portion; and an internal air cladding portion that has an internal air
pdbyeertbétlis 2aidogntactrViithtite sdibnparionabac extbodsire-thesed polymers.
longitudinal direction of this core 13 portion. And, the cladding portion is
internallyvproidesdt with@linemonétbe arpdanality ofttbe isahe floxiloles thét
are placed beside each other in parallel rows, and the air layers are
acprodidg doiththieviel térrattzid olaadindg pertienfleaibk: toable aretheppatewith an optical
circumferential side of the core portion when bending defonnation is
wapgiedettothengpbiody wavetuidesd 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.

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

in contact with the core portion and extends in the longitudinal direction of this core
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5foirning body. [Effects of the Invention] [0009] According to the
electronic apparatus and cellular phone of the present invention, in the
optical waveguide fonning body of a flexible cable, an air layer is provided
in a 10defoiing section which experiences bending defoilation as a result
of the movement of a second body relative to a first body (either a pivoting

patisHding xaonRneRAdinanshiierPRSHiem ol fhisoridlyRitheeamemiosaigs Rility
the outer circumferential side of a core when the defonning section

ofuR€eletgepsiens gt dedqnnalionsshe aJd@suih&f ithjsariflis| pessikiedensestIg ers
sufficient flexibility, and to also improve the folding endurance of the core

ard PROVIIRA. iACEOTHIBENY] 48 dd@EHl poitienfeldingoandbrance nbihaaplif@bntial
waveguide fonning body in response to repeated bending being improved,

sidlei® ASSIbE orEidaUN ch DRtigiagtasyoiatdiig enapass eof tidspatigialaveguide
applications in the optical waveguide foirning body. Moreover, it is
fopassitede. inhibit optical loss even when bending defonnation is applied
to the optical waveguide fonning body of the flexible cable by the relative
[EZfacne venhenhofiiierjecond body relative to the first body, and high-speed,
large-capacity transmissions can be achieved. [0010] Moreover, the
[0ostrarture of the flexible cable of the present invention is a simple  one.
In addition, by employing the manufacturing method for an optical
waveguicerdinforning diadyoafdhpparassninid ¢entian piidaposgibleréscabiairention,
the optical waveguide 14
in the 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
position of this air layer becomes located on the outer circumferential side of a core when
the deforming section undergoes bending deformation. As a result of this, it is possible
to secure sufficient flexibility, and to also improve the folding endurance of the core
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
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

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



fonning body of the flexible cable easily and at low-cost. [Brief description
of the drawings] 5[0011] [FIG 1] FIG 1 is a perspective view showing
a cellular phone of a first embodiment of the present invention. [FIG
2A] FIG 2A is a view showing a relatiopfhip between a circuit board inside
a first body and a circuit board inside a second body of the cellular phone

foShaYEbaNOF i Faxid e siiblasrbladiaglodvcaite 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 flexible
cable (i.e., a cable fitted with a connector) used for transmitting 15signals.
[FIG 3] FIG 3 is a cross-sectional view showing the structure (i.e., the
[Beiefeienaiptiancodssesiationgextending in the longitudinal direction of the

optical waveguide fonning body) of an optical waveguide fonning body of
5 [0t 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
waveqilg iqmbgl hodypshpestiie Fi&y3howinl-iGlufdphoseast emasiged
cross-sectional view showing a state where bending defonnation has been
eralppliecio of defpnniag seatintonf the optical waveguide fonning body
shown in FIG 3. 25[FIG 6] FIG 6 is a side view showing a state where the
secon@FbadyAf Eh@. 28 is a view showing a relationship between a circuit board
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 flexible 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
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cellular phone shown in FIG 1 has been shut against the first body.

[FIG 7A] FIG 7A is a view illustrating an example of the method of
manufacturing the optical waveguide fixing body shown in FIG 3. [FIG 7B]
FIG 7B is a view illustrating an exampﬁ% of the method of 5 manufacturing
the optical waveguide foirning body shown in FIG 3. [FIG 7C] FIG 7C

celudaY i HbLsERE NG AN@XaRAP Isceih Bhatneihnd @t manytsturing the
optical waveguide fom ing body shown in FIG 3. [FIG7TD]FIG 7D is a

view il[usGaring AGexanple eitheusieihed of manpfacitmegihiapsical
waveguide limning body shown in FIG 3. 10[FIG 7E] FIG 7E is a view

milhighating ameypimplesehthrineibanies BryuRekiRgRE Dptical
waveguide limning body shown in FIG 3. [FIG 7F] FIG 7F is a view

illustrgting. ampgrampiB kf dheemethetehm andiasiplingrthe aprtcad of

waveguide limning body shown in FIG 3. [FIG 8] FIG 8 is a view showing
maiuéxaimnple vk thsiphoierahsadptionvibghamciaustics ¢fia. fyrst photo-acid

generator and a second photo-acid generator used in the manufacturing

methofFilmStEAEGN7EIG 4 vaoud illlusitaies aaseswtest tdhetborcid
generator having an absorption maximum wavelength in the range of 150

ma e G0 Hihdssetaciesy teuibie fiishipladodgaahbgenaralar, and a
photo-acid generator having an absorption maximum wavelength in the
vicinity KIG3GD A1 -Tay B) 4/ keleitiedr fointhen2Bsegsind Phetorabist of
generator. [FIG 9] FIG 9 is a view showing the spectral distribution of

menifidtlighg filenostibid v pvegsidieforeriog ydamgh(orfiafla.Betal halide
lamp). [FIG 10A] FIG 10A is a view showing a relationship between a
circuit [[fa6rd ijHde. aHiistabady dhds@acinguih kaanthinsif eha medaniblbody of
a cellular phone according 25to a second embodiment of the present

mimvention andhadpeiileveatieaificefombableijtebown 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
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
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

to a second embodiment of the present invention and a flexible cable (i.e., a cable fitted
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16 with a connector) used for transmitting signals. [FIG 10B] FIG 10B
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 to a
second embodiment of the present inveqﬂion and a flexible cable (i.e., a
cable fitted 5with a connector) used for transmitting signals. [FIG 11]

withG ddniscar6rPesca 6t aaatMieNn SRMiNg the structure (i.e., the structure
of a cross-section extending in the longitudinal direction of the cable body)

of the galglelbeqy of.a fBxibleveablehuseskin thiacaiiiy wweenaf heuit board

second embodiment of the present invention. 10[FIG 12] FIG 12 is a

inSi@ss-HRthoaslparspactiueview ishidwin g tha EHoeiueidhe aaiHenea@d¥ording
shown in FIG 11. [FIG 13] FIG 13 is an enlarged cross-sectional view

tosheuobng arstatéimdigrsr Bensing dafornatanmbs Heablappirdie.aa cable fitted
defonning section of the cable body shown in FIG 11. 15[FIG 14] FIG 14 is

wiRhpeepactive)ien showdnghataetuiahplone according to a third
embodiment of the present invention. [FIG 15] FIG 15 is an enlarged

perspgelige NI Ghpwing dhsvieistiynaf ¢ defdiowigzstetkanabitbe eghle
body of a flexible cable in the cellular phone shown in FIG 14. 20[FIG 16A]
stiukuildéY is mosovecalbpexspetitivanvibwl shgiwitigf d¢ebuirnhpifahe adtobdidg of
to a fifth embodiment of the present invention. [FIG 16B] FIG 16B is a
theragsedaatiooph Vievitshoubrgutied intenatisitucihienefbod welldkunahaniodiment of
according to a fifth embodiment of the present invention. [FIG 16C] FIG
thd peedsm emitshiawing the cellular phone of the fifth 25embodiment of the
present invention, and it is a perspective view showing a relationship

[FIG. 12] FIG. 12 is a cross-sectional perspective view showing 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.

[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 enlarged 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.

[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

embodiment of the present invention, and it is a perspective view showing a relationship
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17 between the circuit board of the first body and the circuit board of the
second body and the flexible cable. [FIG 17A] FIG 17A is a view
illustrating the measurement of increased loss values for a test specimen
of the optical waveguide fonning bodylgf Example 1 of the 5 present
invention and for a test piece of Comparative example 1, and shows a

betasenvhetertha RRasdrRmenisobitsransertlersabiRsd s PeEABaGH While and
the test piece is in an elongated state (i.e., is not bent). [FIG 17B] FIG

thd TR R ¢idAeillustrating the measurement of increased loss values for a
test specimen of the optical waveguide fonning body of Example 1 of the

10 pregad imvention and {on aiestpiseaaiGampasativenexaotiir kagsiidoss
shows a case where the measurement of increased loss values is

vaestaune tevwhpeciietast thieoptiabwindeigantobanding dels Exanibl&118] the
FIG 18 is a graph showing the results obtained from the measurements of

priRenniereaskih sk fsalues iskiovavihCokepArktila[EAembBA] Fifd 3RS AckigWhere
showing a testing apparatus that is used to perfaun a repeated bending

thteskeasuatesitpeae ehtse kableahedysgidrkamale.d it the psepriat is in an
invention, and shows an example of the position of a movable metal plate
eloalative o fbedimetebaiate. [FIG 19B] FIG 19B is a view showing a
testing apparatus that is used to 20 perfaun a repeated bending test on a
test pigEkSot 183 Eable 1R dlyof iExdmpleatif themeasapiiavestioraned loss
shows another example of the position of a movable metal plate relative to
vaukx€ormeisl gpladémen of tHel GpROA Wrae Rde ifoaniigybstipwirigktimeple 1 of the
mounting orientation of a test piece for the repeated bending testing
pragpaiatusshown ifoFiGSt pRAcarfdCbapaaniysboasple 25cadavehare thee where
optical waveguide fonning body has been positioned so as to face an 18
thinmengirenmieodnnialeaiced hisa fhexislés wiifugraed sttetethe acbepidopdrikomdérgone
the test piece. [FIG 20B] FIG 20B is a view showing the mounting
benrarg akidorobadest piece for the repeated bending testing apparatus
shown in FIGS. 19A and 19B, and shows a case where the optical
waveduitie lifihihg B8dy Hgs pleeiopasgitradssitashtaifedefi@mm the measurements

of the increased loss values shown in FIG. 17.

[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
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

case where the optical waveguide forming body has been positioned so as to face an
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5outer circumferential side of a flexible wiring substrate in a bend portion
of the test piece. [Description of the Reference Numerals] [0012] 10, 10A,
10B, 10CcCellular phone, 11, 11A ... First body, 111, 111A ... Circuit board,
1120ptical element (Light emitting eleiréent), 113 ... Engagement
10recess, 114 ... Connector connecting portion, 115 ... Electrode portion,

inAé&s difAmiPeaaNdiaedy alkPekiBR MirindibditNOaid, totd peatical lemenbiece.

(Photo receptor element), 123 ... Engagement recess, 124 ... Connector

CONNEpI PORAIGL26B isklettipdropanione hdountihigaeip@idiah diSatest piece
Pivot shaft, 20, 20A ... Flexible cable, 21, 21' ... Optical waveguide fom ing

fob@tlyreplated bedkERORMo2bpeIRdd NG WEDiRETIES), RlDInd. 10BteInd shows a
circumferential side bend portion, 21c ... Air layer, 21c1 First air layer,

cadd 6thereSREOPHaInayesuzddformiii CladgingsiBtRmpbaatiRd,s3 ks to face an
Trenches, 21f ... Center portion, 21H ... Defoi ing section, 211, 211" ...

out@retayare2hdiaPdide of G ladding ararg 2lktAlsSin. a Gladdibgilayef tR2test piece.
22A, 22B ... Connector, 23 ... Flexible wiring substrate, 231 ... Base film,

[R32ripticonduat®dayence2Quiddals) Conductor circuit, 24 ... Cable body,

24H, 24H1 Defonning section, 24W ... Bent portion, 25, 25A, 25B ...
[0Cm]nector, 251 ... Connecting tem inal, 252 ... Energizing contact

component, 31 ... Core layer foination film material, 32 Photomask,

32a(Phoramask)B\perture, GdAlar bitstig)ltraviolenlightizd3BodySedond 1A ...

ultraviolet light, 34 ... Cladding layer foilation film material, 35 .. Material
Cizblarbrated bozly,  30pticulavetengitl gt fdieittid8 clchrsey, 5113 Eir&ingagyment

52 ... 19 Second body, 511 ... Circuit board, 521 ... Circuit board. [Best
reBavhoditdent Claideopletovantagnghpoinicentior]s ... Electrode portion, 12, 12A ...
Second body, 121, 121A ... Circuit board, 122 ... Optical element (Photo receptor
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
portion, 21bl ... Outer circumferential side bend portion, 21c ... Air layer, 2lcl ...
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,
232a ... Conductor circuit, 24 ... Cable body, 24H, 24HI ... 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

laminated body, 36 ... wavelength cut filter, 38 ... Laser, 51 ... Firstbody, 52 ...
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[0013] 5Embodiments of the present invention will now be described with
reference made to the drawings. [0014] (First embodiment) Firstly, a first
embodiment of the present invention will be described. 10FIG 1 is a
perspective view showing a cellular pllgne 10 which is serving as the
electronic apparatus according to the present invention. FIGS. 2A and 2B
S&aW kbaslationshipbietwie 8Baadsircsi boarsrddil yogide a first body 11 and
a circuit board 121 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 15showing the structure of an
[BRRtiEalvduaenis e farmphrabasyeclhdiigveiiiRsiructure of a cross-section
extending in the longitudinal direction of the optical waveguide fonning
[obosly 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 Diassdecitnal tewrshawingeatssate ihere beodioghdafaimati@ience
has been applied to a deforming section 21a 20 of the optical waveguide
mideming doywZlgs[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
[0014pnd 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 25cellular phone
(FiQtalshoddhustes a flexible cable 20 that is used to transmit signals 20
between the first body 11 and the second body 12. The flexible cable 20 is
made Bjpsoifyaafi@xitoden haelinshiapddhepiresd waviegitiole wan miaddsodlyedl
manufactured from synthetic resin, and connectors 22 that are attached to
both eRl& inithepengittiinalicivebbonngf thelbpicphurevEywikie Hanmngng as the
body 21.
electronic apparatus according to the present invention. FIGS. 2A and 2B show a

relationship between a circuit board 111 inside a first body 11 and a circuit board 121
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
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
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

cellular phone 10 also includes a flexible cable 20 that is used to transmit signals
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5[0016] In FIG 1, the symbol 13a is a pivot shaft forming part of the
hinge portion 13. The symbols 14 are input operation buttons, and these
are provided on the first body 11. In addition, a voice transmitting
microphone 15, an antenna 16, and aibansmission and reception circuit
(not shown) which is connected to the"antenna 16 are provided in the

betWtiest taeditst bod{ie ransinissieshanddgaeptioneifiiy g ey B@llymade up of a
connected to a circuit on a circuit board 111 (see FIGS. 2A and 2B) which

flésiBRYSeH-khae@uiRicansing gl OfdhaifissbhiBdy1 khaMeie@yed feom synthetic
switching circuit which is switched by a pressing of the input operation

rebultens dhisalse Zoangciediadhelctsaotbarrdil e [ORdiR]dibAErection of the
second body 12 is able to open and close freely relatively to the first body

oplidiynpivatingeaaunggbedyivat shaft 13a of the hinge portion 13, and can
be pivoted from being closed against the first body 11 to approximately

[0050]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 surfaERR thieesgeansl balis 1 iocasastonithengiger2onhichiisciasedn 13.
against the first body 11. This display unit 17 is electrically connected to a

Tigirepiitlaflthet cireiiphoepariRin(berdrlGamdAAcandr2B)ovich éa fiousad tody 11.

an outer casing 120 of the second body 12. A speech output unit 18 (i.e.,
Inadpieiakie ) vdiatsepravidieg initreppenend hotyhilsankD04,.8indAsassaliesion and

in FIG 1, the flexible cable 20 is laid extending from the first body 21
reception circuit (not shown) which is connected to the antenna 16 are provided in the
first body 11. The transmission and reception circuit is electrically connected to a
circuit on a circuit board 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]

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
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.e., a speaker) is also
provided in the second body 12.

[0018]

As is shown in FIG. 1, the flexible cable 20 is laid extending from the first body
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11 across the length of the second body 12 such that the center portion in
the longitudinal direction of the optical waveguide forming body 21 passes
adjacent to the hinge portion 13. One end portion in the longitudinal
direction of the flexible cable 20 is Iaid21i{13ide the outer casing 110, while
the other end portion in the longitudinal direction thereof is 5laid inside

1 10ARIsS AsinenkA) Aftthe sesrnsbipdy? 1dcH0R4She cenfts oA AKadiudinal

when the second body 12 is closed against the first body 11, the cellular
dirkona 30tk Riaed WacsidR hamgha fiyst bpsydlanddiaseromnedhoshition

21 both extend from the hinge portion 13 in parallel with each other. The
12ndperied iiicihe st deehtdihanithe wpposite sidgitionubre J0nNgR1id inside

portion 13 is referred to below as a first body extended end portion 11a,

thwhilethesandiportaiilefitesreend potyd thahdths gppdisiedsidelsanhéhe f is
hinge portion 13 is referred to below as a second body extended end

laRbiitigde naerTdasioptical onavegiisifbsming body 21 of the flexible cable
20 is laid such that, when the second body 12 is closed against the first

[obody 11, it passes through 15the opposite side from the first body
extended end portion 11a and second body extended end portion 12a via

the pivat shafod.daroF 1Ged)wmgentaetieachsl Bdayevar clihedpigialbt the first body
waveguide forming body 21 of the flexible cable 20 passes through

1 lapies esiduaribnse (DO T splavsd) ifonsaterespacihefyr snbibd viciniy betheond body
hinge portion 13 of the outer casing 110 of the first body 11 and the

2 vigidityxeétb€rbingeefionigerpddionf thieinptenitesiich kachasttie 208ecamntiportion of
body 12. Note that the wiring mode of the optical waveguide fonning

thbdiatyt Bbdf the il exidemaite 2t ifrdhethvichnityeqfdhhind & pafitiesnd 13 isloatas a
limited to the above described structure. For example, it is also possible to

fistripldy & stiidetiuadpoetiertia gpticd wiavegudeitorminigebecynd bod¢hie on the
flexible cable 20 passes between a pair of 25hinge portions which are

opavridediafarhfticrhegetp othien. 222i§GOROTAN avebthatvinsthisccetldlasdyhenended

10, in addition to the flexible cable 20 which is used for transmitting optical
ersigoat®anddhe Tike piitisalsa ywessiol éotaripg ved s p plythvifdsxiblalsth ke 0 is laid

laid between the first body 11 and the second body 12. Furtheunore,
subBlgeitriedlssighakecangrhisbior? wikdssabygalsst e [fidt body 11, it passes through
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
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

hinge portions which are provided apart from each other.
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[0021] The flexible cable 20 will now be described. As is shown in FIG
3 and FIG 4, the optical waveguide foirning body 21 has a plurality (three
are shown in FIG 4) of core portions 21a which extend in the longitudinal
10direction thereof and which are Iinegzup horizontally inside a cladding
portion 21b which has a lower refractivé index than that of the core
[op2oons 21a. As is shown in FIGS. 2A and 2B, the optical waveguide
foirning element 21 is optically connected by means of the connectors 22

locatetaichBth ignEs Eethgalopgitedinal diestion thereafdatse apiead which is
element (i.e., a light emitting element 112) 15 which is packaged on the

useliquit teaaidifibl insidel thigawengasiigkd 19 wfdke posiibrdwddoratstp iy
optical element (i.e., a photoreceptor element 122) which is packaged on

wihig airelds board badvinsideethiesobidak dasing theGafoietsrgorm bedytAdmore,
[0022] In this cellular phone 10, an optical signal output from the light

elemmidingiglemenisAd<id? widdes wdhoedirsidbody 11 can be received via
the optical waveguide forming body 21 of the flexible cable 20 by the
[Opbotoreceptor element 122 provided in the second body 12. Namely, the
flexible cable 20 functions as a signal transmission cable that transmits
optical$igfialsBrorabinedirstiladyvlde idethatseicond body 12. Accordingly,
the optical waveguide foirning body 21 is constructed so as to 25internally
house Aspiwiadityhah apitical ana gL eBetlopticalr respeniltofthe igspediive has a
core 23 portions 21a, and each one of the optical waveguides can be
plusgilya@hadsansshissiomEh Hrdfaosmititigm@icakdighalstérehinttie: fiakitudinal
body 11 to the second body 12. [0023] In FIGS. 2A and 2B, the symbol
dizAids tireebfamdnehidihecdormdagidrerZzamdiighnside a cladding portion 21b which
has a lower refractive index than that of the core portions 21a.

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 112)
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 element
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
12. 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

internally house a plurality of optical waveguides that correspond to the respective core
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5are provided at both ends in the longitudinal direction of the flexible cable
20 (i.e., the longitudinal direction of the optical waveguide limning body
21), while the symbol 22B is used for the other connector. In the example
shown in the drawings, the connector&aving the symbol 22A is the
connector 22 which is used to optically connect the optical waveguide
pdAIBINY1R0sIZhdR dhe opticadpiementvdaidheclibeaittingatemertsids path
10provided on the circuit board 111 of the first body 11, while the
fotorNseien YRR ihe syunrpdA2Bc sither6anneatohdsvbirhbisdysed to

optically connect the optical waveguide foirning body 21 to the optical
[oetesMent (i.e., the photoreceptor element 122) provided on the circuit board
121 of the second body 12. [0024] 15The connectors 22A and 22B each
includes RIGSUSINAPIRtRebadiol 2nd ROTHEM ot 6ne DTEHRVBIARS 6P which
longitudinal direction) of the optical waveguide limning body 21. These

arbQusin@s] 22 btiemRliy fouke ghindire PdZewivah foln fietiectivebseifaces., the
222a which are tilted at an angle of 45 degrees relative to the optical axis
loffihdiapticatyrvegiseopadis varespondingigthedies pgotiviteaitesymbol 22B
portions 21a of the optical 20 waveguide forming body 21. The minors
is 2824t PlacsttnitiinetecesskstR23xathisle sipgmdntthsidgiasiigaces obiirector
housing 221 in the vicinity of end surfaces of the optical waveguide
haviipitg bpayd R andsaheatvexéension whitie iopkicatasistiahilesmend the optical
surfaces. The reflective surfaces 222a are tilted at an angle of 45 degrees
wielafivéctfoihepbicdy axisoahthepeaod sleface $ie! 2bthiéghpticalting\«dguiae 112)
forming body 21. 24 [0025] The light emitting element 112 is
prpackeigedtba dheuditanitdobradltht Gfdhieotisst hodlyilklthardraeengegiig the
recess 113 into which is pushed an engaging projection 224 which stands
sywivid RRBomthee hroresitog 22k lokcthis asshectpri2dy isoforuethéofiteaicinityguide
5 of the light emitting element 112 as a positioning portion which is used
fotanfixgthedydsitioniaf dhecab nhector @2A tiel aiivecte dbye digiterittird? ) provided on
element 112. A connector connecting portion which includes an optical
thelanceithoed 12¢ bdhesmddimdjtelément 112) and with the engaging recess
113 is provided on the circuit board 111. As is shown in FIG 2B, in the
[06@Ahector 22A, by pushing the engaging

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
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

the optical waveguide forming body 21.
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10projection 224 into the engaging recess 113 which is fonned in the
circuit board 111 of the first body 11, the minor 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 i%o that optically couples the light
emitting element 112 and the optical waveguide path limning body 21 via

[odmMinor 222. As a result of this, output light from the light 15emitting
element 112 can be irradiated via the minor 222 onto the optical

wavegpidgifgirdngtadyl &hel@ 28] paanigasviiBanhirionasepior @lom@stfirst
122 is packaged on the circuit board 121 of the second body 12, and an

bRRUAGINGracessatak iniewhich istpughies iapeneadinend@dingjpesietidad 24
which stands upright from the housing 221 of the connector 22B is fonned

wiidihstaamityrihhedighb e vtiing: 2 msmhd tenas @R eItianifghedtianhe vicinity
which is used to fix the position of the connector 22B relative to the light

ofattigl: elameipt dddeA CODRACGIPHSABNREIHEH POt sMHiCtsis] @6 fipPRdposition
with an optical element (i.e., the photoreceptor element 122) and the

ofehgagiigdeeesn kdRis Providaibbnchatikcuitonrd 125124 cotdsoiSconnecting
shown in FIG 2B, the connector having the symbol 22B has the same

patiustutechs b dannesioic2PAcBynp lishinbethigle rgaging pkojeatian224d with
which is standing upright from the housing 221 into the engaging recess
thd 28gubiief isctsidd 3ridipeorididtdpahedck2divbdbel de¢ond body 12, the
minor 222 is positioned on the optical 5axis of light received by the
photorasepthoeemerGL2B Vitnitle t»paskageziigbinashiagithe engaging
projection 224 into the engaging recess 113 which is formed in the circuit board 111 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
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
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

121.
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board 121 in the vicinity of the engaging recess 123, and so that an optical
path 22H2 is fonned that optically couples the photoreceptor element 122
and the optical waveguide path forming body 21 via the minor 222. As a
result of this, transmission light from tl%% optical waveguide forming body
21 can be received on the photoreceptor element 112. 10[0027] Note

that tha £RAAGING RreJertim) 32 M IS RNIREIAESsIRD AN B 2BsaAB Highe
removably inserted into the engaging recesses 113 and 123 of the circuit

stRRarfSat IHeaddnkddborABNUCBIE A BeRBplaYath Wheketibese4 which is

connectors maintain their mounted 15state (i.e., their connected state) in
stihgisi it Pafidslhd landing DDy imeans @fcthemexisastion sesiganieformed in
generated as a result of the internal surfaces of the engaging recesses
thd tdandbbari ArEissing agringt HodyengagintRreieionaddonbicbnade: optical
press-inserted into the engaging recesses 113 and 123. The engaging
axM QELRHBNG 224 bichalisheryegptbirclbe@ngagingigcrssekdded andhb23rcuit
can be extracted from the 20engaging recesses 113 and 123 by applying
bdargevhicthisvicgaigthae ¢higgxigactian nesisiadce, e tebypaoaladuty P2¢12 is
connectors to be separated from the circuit boards 111 and 121. However,
folneddhe t@priaiinkaito tipdesidbityo afrttepro diiedstaresaad thedituaitwaveguide
boards, it is more preferable to employ a structure where engaging
paibfponentHsuch am elrsidraladsor the dikesuthidhildauhaasiaisgyabiyht from the
mounted on the circuit boards are 25provided. For example, if a structure
opsc@mpioyediddkienthe bodnedteis bealeckssctheseh2prbasiicepawslandnt 112.
levers that cause the elastic claws engaged with the circuit board to be
[0displaced (i.e., engagement release levers) and thereby release the
engagement with the circuit board, then the efficiency with which the task
of conNectitgothdiscgapiag tingj e tomn2dasfrelatvertectbes CRALuhi@aM8l ¢an be
perfonned can be improved. 5Moreover, the positioning portions that are
reprovitibdinsetied aitoultcboaydanemotdimited tmthE2afof e entioitegbards 111 and
engagement recesses. For example, it is also possible to employ
1Yositioning projections or positioning frames and the like that hold the
connector housing. The shape of the connectors can also be altered in
accordasgeoith iy pesitigriayg potityashesctbenoircuitshoand sidehelt imalaced
possible to employ a structure 10 where the connectors are not equipped
statithi engag ingprogalistas: | 0028] 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
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

provided. For example, if a structure is employed where the connectors includes these
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In the cellular phone 10, one end side in the longitudinal direction of the
optical waveguide forming body 21 of the flexible cable 20 is optically
connected to the light emitting element 112 of the circuit board 111 of the
first body 11 by the connector 22A, 15yyhile the other end side in the
longitudinal direction of the optical waveguide forming body 21 is optically
clgqnnaeaiedaithe b atereeepiohciement ha2 ehdhecdikcuit rart iR bedide be
second body 12 by the connector 22B. Namely, the cellular phone 10 has
dispsiteature whesgdinerighlcaritting glenaantbs fithefirst Sodycleandith the
the photoreceptor element 122 of the second body 12 are optically
cifesial Wanthe texine sahiendOhidA[BA94k of chsnkasHyeanisiedaecting a
above, the optical waveguide fonning body 21 of the flexible cable 20 is
cdaidGoraslitipasstadidcant bdheihngpasiaan Be(saprbliedl), and so as
to extend from the first body 11 over the length of the second body 12.
The optieadovay e ifarmimacpbathn 2 thhesapdeiodédpaentiencit-bvdriChre not
undergoes bending 25defonnation as a result of the pivoting of the second
lirabey thatar atvidnibatiinge peHiement tesses. ThHeoopligalptéaveguide possible to
fonning body 21 has an internal air cladding portion 21d that is located in
eraypl dtpoRal qronai Gt éhempiigal sitkiregglitieniesmidg Holdye 2Ranhidh the connector
corresponds to the defonning section 21H, and that secures air layers 21c
houkiief) ar€he shapeniBicwihrifircoaparions Atkec By meardntdRisth the
structure (i.e., the structure where the internal air cladding portion 21d is
piavitded pdhreopticahweaveguisefdiiag HodyaRd isopsibvidectnjitoy a structure
improved folding endurance against repeated folding of the deforming
wheetibn 2diiasoasrasulboédnepeédoity eigheiseporjdchody. 12 around the
hinge portion 13. [0030] 10As is shown in FIG 4, the cross-section of the
[00p&tal waveguide forming body 21 is fonned in a flat, belt shape, and the
core portions 21a extend linearly for the entire length in the longitudinal
directibmtbé tredlwiptiphbnaveguidefdisniagnahdyoditndhelodinteti qootfaheioptical
the thickness direction thereof Furthennore, these core portions 21a are
wavegngiedonnpamtedyoioiftize glaxahiky (ihie @ (are ghoalhyindalScdydofo the light
locations in the 15 width direction of the optical waveguide forming body
en2ittiigoteethatt thE nudithisan chadreapd itid ns Rikafissnieddiyniieblytththeptiegor 22A,
shown in FIG 4, and one, two, or four or more core portions 21a (for
whkitarthplethse erfdl SdéRi thayaigtudénplduickethn 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.
[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

deformation as a result of the pivoting of the second body 12 around the hinge portion
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The defonning section 21H of the optical waveguide fonning 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 fonning body 2]2175 also located in the center portion
in the longitudinal direction of the optiCal waveguide fonning body 21 (see
1FI1G 3). As is shown in FIG 3 and FIG 4, the internal air cladding layer
21d of the optical waveguide foiling body 21 enables the air layers 21c to

be secriiedmicfoihwider2 fahine ¢®, PariensihteindhatbieharsSportion 21d

direction of the optical waveguide fonning body 28 21. These air layers

th2iie Rlicaaxiend intthealgngiivgdioaildigaian whibgeesdpaiigrsodial which
[0031] In the internal air cladding portion 21d of the optical waveguide

coaspogdbasiyha AL féranahescibe MichekipnGdths lonpgideinakdirgictiane in
of the core portions 21a are farmed in the cladding portion 21b on both

cosities witth@cose: poritions 21a inBhenthickoe ssiditeatiore ¢of éhalrpliaalture where
waveguide farming body 21. These trenches 21e are farmed by hollowing

thotiitdieatlad dingdpartontdhiirdis thevidue) padioniddlovsideg Byemaaniaobody 21

these trenches 21e, the air layers 21c which are in contact with the core
is pestians 2k anepldreli abilyins evidedHositaiine epbeaidvaldgy ckfadeiogning

body 21. Namely, the interiors of the trenches 21e form the air layers 21c.
sef¥32) 1 H as akrestiasmbeeyiastisgshome sacbha Bhdhe Dpitgaldvhyainge@ortion 13.

farming body 21 of the present invention is fom ed as a layered structure
[008X]is made up of three resin layers 15211,212, and 213. The plurality of

core portions 21a of the optical waveguide forming body 21 are foiled in

the resin layhori InfFIGedcenter @fisthec thiie ofldyesptisoimetirgasdeferreth gdbody
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
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 waveguide forming body 21 is located
in the center portion in the longitudinal direction of the optical waveguide forming body
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 21¢ to be secured on both sides

of the core portions 21a in the thickness direction of the optical waveguide forming body
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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 fo 20separated from each other in a plurality of
locations in the core layer 211. Moreoyegr, portions other than the core
portions 21a of the core layer 211, andthe resin layers 212 and 213

2 (somesings refersed dakeloviead flade g dayerslwiishisreopRYiEad partions
layers on both sides of the core layer 211 form the cladding portion 21b

21have a lower refractive index than core portions 21a. 25[0033] 29 The
trenches 21e in the cladding portion 21b are foilled in locations in the

[ookdding layers 212 and 213 on both sides of the core layer 211 so as to
face the core portions 21a and so as to extend in the longitudinal direction

of the pofeenIéGAE Al daddiegridrgbh M1 dhef iitespatainelactedint: Poritidn: body
21d, the air layers 21c are reliably 5secured between the cladding layers

2 R ends2AG anddnexteie potitons dihalbinagasscof dhenyesees2diss 21a are
Note that examples of a method and of materials used to manufacture an

foaptidahwavelgdiiesfpomiog Dadynwuithsidenatethelpost uaireS nalay eis @ickness
described below. [0034] 10The range over which the internal air cladding

dipatienothkisftied wathguatioftuing shiBcdon ofibe: opicatwakegidermed by
farming body 21 (i.e., the distance for which the internal air cladding

hgdriaig 2hd taxtdaddinis preferably gweatdietb@n foetia@ngeacidoe dejotieang of
section 21H. As is shown in FIG 5, in this embodiment, the range over

thiegei atertbies §é en el caiclawtaindyl povtiah addinsctorane dvithtlte: longipadiivals 21a are
direction of 15the optical waveguide forming body 21 (i.e., the distance for
relidbibhptiveidéd rinal dzitlelagdicd parigniad doextends)dnellideNdhe yotheinadriors

the flexible cable 20 that corresponds to the deforming section 21H, and is
ofittadecgrbated lihforththelefolnging Zkction 21H so as to have portions that

extend beyond the range that corresponds to the defoirning section 21H
[06A2)oth sides in the longitudinal direction of the optical

Furthermore, as is shown in FIG. 4, the optical waveguide forming body 21 of
the present invention is formed as a layered structure that is made up of three resin layers
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
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.

[0033]
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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 fom a solid portion 21f (see FIG 3 and FIG 5) where the
air layers 21c are not formed. [0035] Tﬁe optical waveguide foiling body
21 of the flexible cable 20 is formed in"a 25rectilinear shape, and when the
seconghogyntBaftheigetulatminane didién openes Sthapnoxmaately ihdfe
degrees from the first body 11, it is in a state where substantially (or
clahsaluig)rdo] bendingdafysaaties s epplietdoatie ZEfQIMING FaGigR core
21H. In contrast, if the second body 12 is closed against the first body 11,
pdhportianad ladlexiblesalarOdhattislashied Aldiroemide shegunims 21a.
portion 13, namely, the deforming section 21H 5 undergoes bending defo
Adbaraaiglyasnstshawmin hiGladdnhpoeatdlan phbeail hyasa resud efitindy
pivoting of the second body 21 relatively to the first body 11, bending
sedefedrpeatiaisiapgiadiig theegeaming sactian 20t ofdherapticall a by means of
waveguide foirning body 21 such that one side of the optical waveguide
théagidiogebady. in the thickness direction thereof is bent 10onto the inner
circumferential side, and the other side thereof is bent onto the outer
circumfeiential sideflbisolvilliaemeatiareisofensedeitrisdisodael murmsaceiticah optical
bending). As is shown in FIG 5, when bending defoirnation is applied
wiv dbel dteforming tseitiohiel i afdheuppsiChirveanésgLigefaamiagsbadydielow.
one of the air layers 21c (referred to below as a first air layer and allocated
[008& Bymbol 21cl in FIG 3, FIG 4, and FIG 5) 15that are secured on both
sides of the core portions 21a in the internal air cladding portion 21d of the
opticallivavagitde dawhiol thedyt&hdaninslthkliagtpocicoLbhterefiialcide bk
the core portions 21a, while the other of the air layers 21c (referred to
lobgiowias disecamdéihtaypticihdvallogaitkdfthmsigrbbdl 2102.én HEdBtdrI€s for
4, and FIG 5) farms the inner circumferential side of the core portions 21a.
wRR00RGhterndhdhelopticsy) peatieg Qitke damidsy ibpdyf@abof thediexibia dabtenge
20, of the air layers 21c1 and 21c2 that are secured on both sides of the
ofabredpfintiomg 2daiof theHoptidali wdnvsguid & TorHjmg thodymthd finsh githkayearge
21c1 which is positioned on the outer circumferential side of the core
ovportibivh Hicinvbienlbéndmty ohefpiation 2$ dpdhecdd theh2Ioefarmhing direction of
section 21H is particularly effective in contributing to maintaining the
thopiptiahl waveguide forming body 21 (i.e., 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
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

rectilinear shape, and when the second body 12 of the cellular phone 10 is opened
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31 transmission characteristics of the core portions 21a and to improving
the folding endurance of the optical waveguide fonning body 21. [0037] As
is shown in FIG 5, when bending defonnation is applied to the deforming
5section 21H of the optical waveguide [girning body 21, tensile stress acts
on the outer circumferential side of thé bending of the optical waveguide

apoRingRedyRldBesausendtibisrdisiigcEmend farceithadatiersmstiatially (or

move towards the bending inner circumferential side acts on the portions

atRbihe19lpasling papiesta imabine sipical warvedvidaminigniedibedy 21l In contrast,

which are located further to the bending outer 10circumferential side than

if the e PoBiBNR22 @losed dithesaindayRihady of, e furioabaiheladdibe cable
portion 21d are omitted and a solid structure the same as the solid portion

2Rfhisifosnged Higrmhenthendipe stetannasiombidy, vesticabhendingtisn 21H
applied, the core portions 21a become pressed by the displacement force

urgRResasedarif ediortinnsof the cladding portion 21b which are 15located
further on the bending outer circumferential side than the core portions

21a atiempligdassiovedonvBrds3he bencinglinphoes comiesantiak sitithe
[0038] In contrast to this, in the optical waveguide fonning body 21 of the
piflexibie tdlalecabilicbpigsEntdnivertiptn wbehsbbadinpl defaatiend@fermation is
vertical bending) is 20applied to the defonning section 21H, as a result of
apiplectirst tig tferminkakcthm poHiofishefdpceladalivguipdy iormzip tbay arnesuch that
located on the opposite side of the first air layers 21c1 from the core
oreavitdens’ Aikeofretel realvig bidko o om gcbadioin dscabickreisc dinferientiatsiofis bent
thin portions 21b1) can lessen or eliminate the pressing force applied to
orthietloorenpotins2danin thilelisptbtendrt tidealiomweaf dsifie tinerthe outer
circumferential side of the
circumferential side (this will sometimes be referred to below as vertical 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 21c1 in FIG. 3, FIG. 4, and FIG. 5)
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.

[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 body, the first air layer 21c1 which is positioned on the outer

circumferential side of the core portions 21a when bending deformation is applied to the

deforming section 21H is particularly effective in contributing to maintaining the optical
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25bending. When bending defonnation is applied to the defonning section
21H, the outer 32 circumferential side thin portions 21b1 of the cladding
portion 21b do not make contact with the core portions 21b, and it is
possible to prevent pressing force beig applied to the core portions 21a.
Moreover, even if the outer circumferential side thin portions 21b1 of the

tr& SN EIQ NN t2AiBidO SOMEe Fratast MithidecRipeeTHE iisedbRling
compared with a solid structure which is not provided with the air layers

erdibaritisoposiiiadel kesitigtihe forassinBioyca applied to the core portions
21ato a low level. Because of this, even if bending deformation is

[ooggatedly applied to the deforming section 21H, it is difficult for distortion
and fractures and the like which may cause optical loss in the optical
wavegnide faswingrady 2 vieinssease eheoana aegplid to the deforming
Consequently, this is beneficial in maintaining stability in the optical

sectianarteristigs obthalonne aidetsrailiag Malgovetehsieaicssthetooiethe outer
circumferential side thin portions 21b1 of the cladding portion 21b are able

citoubefeisplaceddortiio teadxistanbe sptibe firsiainidy esmargbodynen. Because
bending deformation is applied to the deforming section 21H, it is difficult

offchisodajtast sieas foeantantiatiaptiadmgenayatedsith#ie:opingahnaveguide
15forming body 21 and the folding endurance of the optical waveguide

cifointifigrdady dddadmprostechdA038]of theMiking hartitie2 beyhaleadptical
cladding portion 21d includes the air layers 21c which are in contact with

whaibusidesofitieboase2dorttoels &2¢ dofated Mithhdra dnhe b2tbimgundarential
side and outer circumferential side thereof when the deforming section

cizdirhfeneleigioedehibmdithg cetopmaioan ) itis possible to make it even more
difficult to generate localized stress concentration in the optical waveguide
formintf bedyir2iywisell befdingndetferimatidadidiapplistbto2thbadetonitiedjand a
section 21H than it would be in an internal air cladding portion 21d

solhd lstdintpaithayarsc2dkctihabAdeportipir? ¢ 6 it dotmdth) thoe Rbsidecoflihe core
portions 21a (i.e., with either the inner circumferential side or the outer 33

dediroumierdntiaivsidie theeedinghsrappé alie fbeeing pection 21baodergeessed by
bending deformation). Accordingly, the above described structure

thefegtivetyneonfoitvatesntaatep bovihg pheitolsd ivfglend add ngepot tioa dpbiceiich are
waveguide forming body 21.

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
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
21c1 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

bending. When bending deformation is applied to the deforming section 21H, the outer
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Furthermore, in the internal air cladding portion 21d, when bending
deformation 5is applied to the deforming section 21H, due to the existence
of the air layers 21c1 and 21c2 on both sides of the core portions 21a, it is
possible to secure a large degree of dg om ation freedom in portions of
the cladding portion 2 |b located on both sides of the core portions 21a in

citbgntickinessideertioposfishs DRfical wa\eguing Rirsgedio bt BR&awsAtact

of this, it becomes difficult for damage caused by bending deformation to
wiBGHE 4618 $beicladTiBgapatiaen plbibisi@ prsiit iisHashie: esacupplrd to
high level of mechanical endurance in the internal air cladding portion 21d.
thd bisdpatsemfiectiveN antibeltigi feHenreying-hertolaing siaduhangerabns
the optical waveguide foirning body 21 and the core portions 21a. [0040]

2145 lefthe icteimiabaioelagd ding ostiar 24d edibeoptibahwasePodeigitting
body 21, the thickness of the cladding portion 2 Ib on both sides of the

coeaparp@rinns 2dladistroadesthiniRan bydherpvateneatofiibeininjayers 2ick
and 21c2 on both sides of the core portions 21a. Because of this, the

pdsiftieabavsaliaddiagrestiigniatd mprreasiheexpepentas beatnglow level.
defoirnation than the solid portions 21f, and the bend radius can be 20

Béeegluead. this, devehifibéhaing denshaittiay ey septaid dseapptitdrroebkatdobming
the first air layers 21c1 are foilled, it is possible to reduce the bend radius

secOBIPANEd itd dlefSolid foedietstdif aMbfeouetsadatis¢ikberiishaitalayaise
21c1 contribute more effectively to improving the folding endurance than

optieabkonrin this tayietd Rhc2gederddfaisboye is@ hempleyedyviharadte.
second air layers 21c2 are omitted, it is still possible to easily 34 achieve

C as sannaie mhenisibdhefitotdingneridaiangestabin shin fikst @itiday eharddetistics of
[0041] Furtheilore, in the internal air cladding portion 21d, because

ththeairplaryeiss 21a.caNlthemmselbvesabe: nhadeter tirciiofe@ateldddintin portions
portions (i.e., air cladding), it is possible

21b1 of the cladding portion 21b are able to be displaced due to the existence of the first

air layers 21c1, when bending deformation is applied to the deforming section 21H, it is

difficult for localized stress concentration to be generated in the optical waveguide

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
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 21c that are only in contact with one

side of the core portions 21a (i.e., with either the inner circumferential side or the outer
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5to secure a superior light confinement effect in the optical waveguide
forming body 21. Even when bending deformation has been applied to the
bending section 21H of the optical waveguide farming body 21, the air
layers 21c contribute to the light confinement effect and any increase in
bending loss can be suppressed. [0042] 10 (Method of manufacturing an

cifivieR WRMe gide e EoUsIRe BPEhd) deforMaxd, setriexanpleeiadmnatbesiale
manufacturing an optical waveguide farming body which is made up of

ddivietRe) lapets il de desehibrddescrited=tuéAi®ctle@leeWaswstributes to
illustrating an example of a method of manufacturing an optical waveguide

infproving Bedy il bendessiiead: thiespticaCass sshale fPMUpicIdAD 1.
waveguide farming body 21' shown in FIG 7F is manufactured will be

descripagthdheoenticahwiveadider formigsay ohl) showmieibENdiddeformation
differs from the optical waveguide farming body 21 illustrated in FIG 4 in

is thatlitdhas tcpiertening eioaaeieduertions 2listchbe snatbai biyers 21¢c1 and
manufacturing an optical waveguide farming body described here is
2 lapplietdt théemahttacivsiporodaopfital pesstguidestaurind heeoyhich
is 20 made up of three resin layers in the form of a core layer interposed
ddietmiegsntvecdiaddingolajerso Tihis dradtting eaieisdl beéoapgeliashibdifesides of the

same way to the manufacturing of the optical waveguide forming body 21
catuptiaiecs inl ko thevhickrsssdide tipnaffitie dpearesindgyesiadiinglihdy 21.

and 213. In addition, the materials described below can also be used in
Bébsusaotahigyt 2aj0R48Hi8tcult fondattagdcdtiespnbeohdh g dsfiremstoa to occur

layer, and the symbols 212" and 213" are the cladding layers. In the
inmetbbddhgnsortitacibng Keaaptich) waveguitk torsatngekokig 2 kvel of

described here, firstly, as is shown in FIGS. 7A and 7B, the core layer
madiHméthendpticakSwavenitdeafaimingdiadyp@itida dbdain@diaerddayéicctive in

formation step). [0044]
contributing to improving the folding endurance of the optical waveguide forming body
21 and the core portions 21a.
[0040]

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 21c1 and 21c2 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
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 21¢1 contribute more effectively to

improving the folding endurance than the second air layers 21¢2, even if a structure is

employed where the second air layers 21¢2 are omitted, it is still possible to easily
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In this core layer fom ation step, firstly, a core layer formation film material
31 (i.e., a core layer layered body - see FIG 7A) which is obtained by
molding the material used to form the core layer 211’ (i.e., a core layer
formation material) into a film shape isjg[Oprepared. In the manufacturing
method described here, the core layer formation material contains a
achlyE ayiveemenain ahaiblding en@aving arauryiieh hraashes o this
main chain as its primary constituent, and also contains a first photo-acid
[ogenerator 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
possibigiid s e Ramplenal diy deadesflorahiaine by caatiRgRNigds 21c
component such as a resin film (i e , a varnish coating component) a
cavatisRenicbhas deaemigieataddy sigsohvpoe icass iayeifelaiiiny, it is possible
materials such as the aforementioned polymer and first photo-acid
togenaaiaiuipe A adigant (iaixasnpieionasitilensionthenika)idrdihiary body 21.
drying this varnish. This dry coated film 20 is used after being removed
Eftonmyviea vandish doriingtaniaonest. 0PU&] to thelbendiisg phatonaTitl of the
generator has an absorption maximum wavelength in the ultraviolet
opegibvaVbgn ekl yorerof todcole layel fagmstin GinttitatierialtBd lighk confinement
polymer whose refractive index is changed as a result of the leaving group
effeaving fng.intbesingh tuhttiom)dhecandin aljgireshied.to the action of acid
(preferably proton) discharged 36 by the activated first photo-acid
[0Q¢RErator after the irradiation thereon of ultraviolet light. The leaving of the
polymer by the leaving group is advanced by the irradiation of ultraviolet
(Migthivdrd b écasting leatiaigy by andidéoiorthie cboeyayer foilation film
material 31 is cured by this heating. 5Note that in this method of
manufietring exaroplical aaedguidd foirmifagthady aarpieahplevigzuide forming
described where the material that is employed for the core layer fonnation
bdidmwhatk ihdddsipoé tivive nedhel sgéractitEbie descaobadadiated areas is
reduced by the irradiation thereon of ultraviolet light and by the resulting
heating1 ({046 ®OTR thesviona idyetrianpatiaxaigpe ofiravieletdiglinvanvifagturing
a wavelength which
an optical waveguide forming body will be described. Here, a case where an optical

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
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.

[0043]
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includes the absorption maximum wavelength of the first photo-acid

generator (this is referred to below as first ultraviolet light and is allocated

the symbol 33A) is irradiated onto a portion of the core layer fonnation film

material 31 (see FIG 7A) by using, for3esxample, a photomask 32 (see FIG

7A). After that, by then heating the core layer 15fonnation film material 31,

as is SHOMG.INTE e §Bmihe goreifayercdielidscphiningd sBecausethee@rd 3° are

layer 211' obtained here has a film shape, this is referred to below on
theetagiaiy agyarsore film. The photomask 32 which is used here is one

which has apertures 32a that correspond to the areas of the cladding

portion2the afdine Corenavetdiiin the ahiainedviphdartesimedidis? in

the core layer fonnation film material 31, the refractive index of the
ddscaitieded RreasBnte wRickwihenfFsGBltraviglet7igihh S3érdas eI ' of the optical

irradiated is lower than the refractive index of the non-irradiated areas
wivkeedhe fishplb@falet kgivtadAdhasratieeeorifatiatadp and a core film

211" which is a single layer optical waveguide which uses the
[Onoatirradiated areas for the core portions 21a is obtained. Namely, by

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

core layeh3 cdosmgtorfvfinatioataspl Biktli,is pasdiblertopaitern e eauerial 31

portion. [0047] As the core layer foilation film material 31, it is also
(ipQssible taysstapenedtesidy) wirerBIther refrakithel sndexiafd radimieihgré@sristerial

raised by the irradiation thereon of the 5first ultraviolet light 33A. In this
usedse,fthe photonedskenidh (iscusecbis tryevbiatatias mperidremtbatiilm shape is

correspond to the areas of the core portions 21a of the core layer 211"
preghuchlis to be obtained. As a result of this, the irradiated areas where

ultraviolet light was irradiated foilled the core portions 21a. [0048] 10Next,

as is showve imml€ ct @) cladddgltayabédilationlidmonedtsitalf Sdnativehmaterial

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.

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 example, mesitylene or the like), and then drying this varnish.  This dry coated film
is used 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.,

being cut from) the main chain due to the action of acid (preferably proton) discharged
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has been prepared in advance is thennocompression-bonded onto both
surfaces of the core film 211", and a material laminated body 35 (see FIG
7D) that is foirned by the core film 211" and the cladding layer formation
film material 34 is obtained (thennocop)pression bonding step). 15[0049]
The cladding layer formation material 34 is obtained by molding the

bynmpéeriah wbichs ihoe-usritaéeitorthecsladdinadiayersiiddonnd AidvibRs light.

the cladding layer formation material) into a film shape, and then forming

Thbeckenehslgowvhieh B ehddeshing I8 saew adian aidiByers 2ia(heontbe

air cladding) in the optical waveguide forming body 2021 on one side

ultherendt Itii pisfcsabie taiithe:depthof the iRnEbesZLevis REYEBANboN film
and 1/2 the thickness of the cladding formation film material 34, and the

mytigthl G.eis hieddesichiswidiijdhereof 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
vieweNistepina wiewis ikt @Do€ panitnsutig ha\wacabsauaggide forming body,
cross-section, then the width is to be the length of one side of that

arceRssnsiedt ey cdBdduntheindremnaigethto Qkiais dheddositedcoperati@rfatmation
effect from an optical waveguide forming body, namely, flexibility, folding

filenehanarieb3 aidoiievauppidssiciaofi anintissonitrediae§ redhB reduced by the

maintenance of a low loss level) when bending defoirnation is applied
irtindieeien thisqoietdralotevibadt dight imd Mahufiestiried bpiibat. waveguide

forming body the 5depth of the trenches 21e is between 1/3 and 1/2 the
[ot6kness of the cladding layer, and the width thereof is 2 to 3 times the

width of the core portions 21a. [0050] Foin the standpoint of guaranteeing

accurdaytianddieeldike, fibispiefesaiplenttratiolet light having a wavelength which
includes the absorption maximum wavelength of the first photo-acid generator (this is
referred to below as first ultraviolet light and is allocated the symbol 33A) is irradiated
onto a portion of the core layer formation film material 31 (see FIG. 7A) by using, for
example, a photomask 32 (see FIG. 7A).  After that, by then heating the core layer
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.
As a result of this, in the core layer formation film material 31, the refractive index of the
irradiated areas onto which the first ultraviolet light 33A 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

irradiating the first ultraviolet light 33A via the photomask 32 onto the core layer
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the trenches 21e is formed, for example, by irradiating a laser (it is
preferable, for 10example, for an excimer laser to be used) onto the
cladding layer foilation material which has been molded into a film shape.
However, the method that is used to f(%rfn a cladding layer foirnation film
material 34 having trenches is not limited to this. For example, it is also
fopaaskigilenfaraethe tnenchResssg i pehianied pracpsaiivg.such as by
cutting a cladding layer formation material which has been molded into a
[ofiumishape, or 15by forming trenches in the desired positions using a
pattern etching method. Moreover, it is also possible to employ a method
where AwkgncarvaspisttaoniaiTm cladeus layelsfoilatiasmasesakisa material
coated onto a resin film or the like so that a dry coating film is obtained,
wheeldingrepnponanistiaihaviatpiaireddingrpeedwistit ardaraitofomareon of the
trenches are used so that a cladding layer foirnation film material 34
fiRaviagwesehghtisbtainethi2Okser herphotemiids alsiepBSsible @ iddhaas
method where a cladding layer formation film material 34 having trenches
apSrabésitad dyrinies sing adnaispiatbdeingopiiotit dingop it @oscthakand 1°
used to form trenches onto a cladding layer foination material that has
wheansotdeshinieed. film shagml 00§}, 2t thaimad ufes wingenétaomblet light
described here, the cladding layer formation 39 material contains a
w ol tha furenadubly toesip@tivmg 2kaits primary constituent, and also
contains a second photo-acid generator which has an absorption
[o0Ryimum wavelength that is different from that of the first photo-acid
generator and which is activated by the irradiation thereon of ultraviolet
light siNastiasgerkoaia mcidGoAS, thel aldidingylayferieirivatifi mfitnateratesidwhich
34 it is possible to use, for example, a dry coated film obtained by coating
hasriicea pepyohantduaitas ahkesindompiiessjchamist coatinglcamporwenithe
a varnish which has been created by dissolving core layer foination
comaffidmicl$ ISyl asntheeadd temientédriad p 8ty her BN $Bgoha phidtonadibly the core
generator in a solvent (for example, anhydrous toluene or the like), and
filtinen tryimigtiibislddiiar aghr Tdrisadiynchmbadfitmak3dsedbitiaredeing
removed from the varnish coating component.
(thermocompression bonding step).

[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
21 on one side thereof.

It is preferable that the depth of the trenches 21e is between 1/3 and 1/2 the
thickness of the cladding formation film material 34, and the width (i.e., 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

square cross-section, then the width is to be the length of one side of that cross-section).
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[0052] The second photo-acid generator also has an absorption
maximum wavelength in the ultraviolet region in the same way as the first
photo-acid generating agent. 15The polymer of the cladding layer
foination film material 34 is a polymergxéhere the polymeric group performs
a cross-linking reaction due to the action of an acid (preferably a proton)

Fiisehatgedbyriie activaiadizesand Pbptarasiiiggneiaionaiieophieal waveguide

irradiation thereon of ultraviolet light. The acid that is discharged by
follel e ddiationmé ) g1seeony, IbRipracidl genesatad 24 opsrdhabisof any loss

intended to generate a cross-linking reaction in the polymeric group of the

inpRvv el of theslasding daydafarmaiandien matariandhdAREsdnatiod heapplied
thermocompression bonding is performed by heating the core film 211"

thargotiheisladdinglayeitfgkatinn filahatadenied 34tiwhile ioezaiaddiighiay®ody the
foilation film 25material 34 is in contact with the core film 211'. The

ddpeiatinehtemperaiur eeis $SREDYAQ GogeIVirnoiberiassk ansiiéanadding layer, and
temperature Tg of the core film 211" and the glass transition temperature

thd g Rftthh eladdiy tayermestatieidtiroMiatedsal gétiansd zhen setting the

heating temperature to equal to or greater than the lower of these glass
[O0&isition temperatures Tg. By doing this, the core film 211" and/or the

cladding layer 5foirnation film material 34 are heated to a temperature

equal fvan gieataidpaintbe glass iraingthocutanypardttiediland is preferable that

consequently melted. Pressure is then applied so as to achieve
ththeambes My és sooindah Molirg afpledbiNexid asing aHaven (it is itseTéablsinar

for example, a wavelength cutoff filter 36,
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
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.
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]

In the manufacturing method described here, the cladding layer formation
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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 %d is allocated the symbol 33B) is

irradiated onto the entire surface of the material laminated body 35. After
mblsialhe meateriaplapnieated B dypdbindrateshpadithpratagdineh layeént, and also

15formation film material 34 is cured (cladding foination step). The cured

coaadgdingdayad isnation filsadnaterialidy Kasms dbe siaddingtayeis ¥h2elength
and 213" whose refractive index is lower than that of the core portions 21a

thef #heigorenfilmAlthat[006R] firsthh claddingdayendoiunatandim maieread by the
34, the cross-linking of the 20polymeric group (i.e., cationic

irfaalytherpaties) ¢ atvansedl {ghaibas warelssrthe aiding and the transition
to a cladding layer is advanced) by the irradiation of the ultraviolet light

and tha stibsaaient: heatingrandoih e lelasdiagaleye i ipatiablim watesial
34 is cured so as to form a cladding layer (cladding formation). In
exeaijly)eligny vothedh 6leubaiat tey dJasithaopiayer dimpaisaatiosh maiadsin3dim
there is also an improvement in 25the tightness of the adhesion between
(i.theacanaisyes2ibl esidpheoipddingikhyehih fobatonirdrteliabBdng core
The heating time of the heating performed after the irradiation of the
lagecfurthativavioleilightusiset ge asierrasivacthpd el addisgdadpatinonacid
(i.e., the cross-linking reaction) of the cladding layer foirnation film material
geddrptagiiessed satidiaciesitypde duithgedrstopsluzBy @etfoilikis)gdidstistealritg this

optical waveguide foirning body 21' which is a three-layer optical
vanavieguitle sdagdeoap dffilne isere dayfesr 2t in @rhidve: ¢ laddinhel ayars 2 d@ating
and 213' on both sides thereof is obtained (FIG 7F). [0056] As has been
castpiact@bove, the second photo-acid generator of the cladding layer
10foilation film material is activated by the irradiation thereon of ultraviolet
[0bgR1 having a different absorption maximum wavelength from that of the
first photo-acid generator so

The second photo-acid generator also has an absorption maximum wavelength
in the ultraviolet region in the same way as the first photo-acid generating agent.

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
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

material 34 is in contact with the core film 211°. The heating temperature is set by
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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 phot%acid 15generator is irradiated onto
the material laminated body 35. As a result, the first photo-acid generator
ottihmgaie films3ihdtiessanpathtiretisensitieedrbyithesacand miraviglet
light 33B and essentially only the second photo-acid generator is
tr&snsdiveeh]0RRHE Theowaalradin Ll fhienlkvhiahiatesrd 30, thed then
cladding foirnation step 20occludes light having a stipulated wavelength

seinyelearlight haviRentuvavelgngtd shemerdhanihasiipuwaigdhese glass

wavelength, and only transmits light having a wavelength longer than the

tratipibateshpaelengily. WhBenldg tipe of waieeigmgth icuiaffdiltae 3tddling layer
used, it is essential that the absorption maximum wavelength of the first

fophatdacitngaaiabR4Sashbeieednan tbeghaanRtiuihaxingreanavielangéhylass
of the second photo-acid 25generator. 42 For example, if a

travsiRIe ngitp etataftfilied Senisgisadiwhichedcclpeasiight wonsepliausieagtt
is 300 nm or less and only transmits light having a wavelength longer than
acBRS e thetieboaspiesheomoininigs 8, a photo-acid generator (PAG-1 in FIG
8) whose absorption maximum wavelength is 300 nm or less is selected
[ofigathe first photo-acid 5 generator, and a photo-acid generator (PAG-2 in
FIG 8) whose absorption maximum wavelength is greater than 300 nm is
selectdittordahs secwndrpRidio7acickaen ésatorartiplhis caseldortexamflélitr 36,
is preferable that a photo acid generator whose absorption maximum
ulwavielentghtishaOConminy ksal$orpeixannpleimvino sexadisogdiiof titesdoouth
wavelength is within a range of 150 nm to 300 nm) is used for the first

phphoetercpdiktagartanadors and dbatan photbacidi ge neraianwiaselength of the
absorption maximum wavelength is in the vicinity of 365 nm (l-rays) is

finssphlofiordbie gesamnpliateiasittgehsrataterred Matesthahthel teniolet light and is
‘absorption maximum wavelength' is the wavelength where the peak value

al bicthedabs eynande 330 itainetated .othe thesodmansuabseo diibn nvateakdigbi)ated
for example, in the PAG-1 curve and the PAG-2 curve in FIG 8. 15[0058]

body 35. After this, the material laminated body 35 is heated, and the cladding layer

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 1s 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
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

the tightness of the adhesion between the core layer 211° and the cladding layer
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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 notﬁensitized when the second
ultraviolet light is irradiated onto the entire surface of the 20material

folamtnatelheshtBUingTthe addinehfo vnationestrp: (ReerHEA aftthithe

acid does not become generated from the first photo-acid generator which

irigdigoaidING Ostoa CoreRVLoNg R lia @ hieceseiayeas Bidihanthddghg formation
refractive index difference generated during the formation of the core layer

(i.21ihdersNuhbeeane tefyeethot plidinaiegriametiotTaapigatial 34
waveguide structure of the core layer is not damaged by the 25irradiation

progtbe secmnculbialvialal tight vy, the entire surface of the material
laminated 43 body. [0059] Moreover, in the theicompression bonding of

the claglging ftaiiadion disiepnaieopliaite thegaate fayaing bodinel glasih is a
transition temperature Tg prior to the 5Sirradiation of the second ultraviolet
thlightagdowygiceDmpaiadde afigs the irtadiritotgéthe Seedntudltadvlelayers 212

light, because of this, if the thennocompression bonding is performed prior
arld 218’ isiablialiohlef the sgdeodtuiial(@ls. light onto the cladding formation

film material, it is possible to keep the heating temperature and pressure
[os@lired for the thennocompression bonding at a low level. Namely, it is

possible that 10the theirnocompression bonding is perfoied at a

temperatlits beéhstutethityoatihkeglassitrphsitiarid nyperator e ffigeafltidding layer

cladding formation film material. Moreover, by perfoirning the
fotineitioachimpressicn dandingedtbp the thadotise gueadclatiding folnitibnhaving a

step, even if the heating which is performed after the irradiation of the
diffecandhdtnpriotethhghhisicamietcogihvicohadedst pfobe $singhugingody@anerator so
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
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
ultraviolet 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
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

generator.
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15heating 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 foilation stgﬁ via batch processing is preferable
in that it becomes possible to simultanéously process a plurality of
materipbfaraidRd ipadies anktheiebif MRIBE: PrREWGHEY. 20[0880light whose
For the irradiation apparatuses used to irradiate the first ultraviolet light
wadleseap A ulinaw Qletely bh fonBxamplgith Ighressiy e WMBIEeRgiRMAg® than
metal halide lamps or the like can be favorably used. The wavelength
30@nge Okautputsiohifiornioaliapaoapeal akiressHANEs higFImespwigose
mercury lamps and metal halide lamps is broad and, as 25is shown in FIG
ab3oiptvsibhim & haig eval elepsein3velyinl 0P1esn ioRcdithed sideheffastphoto-acid
wavelength of 300 nm. In particular, irradiation apparatuses that can
gt arklAfishens-atid geligiatdn @RS ith tRESY BiRtiescafba fp 1ioh, BeKi M
and 365 nm are suggested. If ultraviolet light output from an irradiation
wapadathissigrie e dinacdiatesho niedisetedatariat larvadiphbbpdyidgarierstor. In
wavelength cutoff filter, then it is possible to easily and reliably 5 remove
thligtdsbafingxthapbsoipiesfeandietumaphvealenilizoldhgoiirshphoidsacidion
generator from the output light from an irradiation apparatus such as a
mhiginpresavetenpeidu30@nip arlassn@ialdralitddanwlpse absigigoinatattignum
present invention is not limited to an embodiment where a wavelength
weuttdi diltes ivitisac rhhgea friay alsadatases whese fhethd Sospiistd-acid
maximum wavelength of the first photo-acid generator is longer than the
gealosatplian naxiphotovasial gagia ok tihase abaorpliaioragithgenetatdength is in
[0061] As the leaving group of the component polymer of the core
thtayeifoynoaten fiim(maienia BkedvhickhissaseddtpHow dbiel gonerager 21a, it
is preferable that at least one of an 15-0-structure, a -Si-aryl structure, and
an -0-Siestrtictiute e pneabndriptithermeieautanatreichge tireteol Ihdsrgth where
leaving groups are able to leave comparatively easy due to cationic
thagtiak valiitheSheabkeabhore Db adediplenyt strudtunenarbdaaption wavelength),
-0-Si-diphenyl structure is preferable as the leaving group that causes a
forectaotidn, ta decbA (G-theireérand vkeiRd€x Dt tirecpolyiieRas a result of the
leaving.
[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
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

irradiation of the second ultraviolet light over the entire surface of the material laminated
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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 Iilﬁg, and combinations of one or two
or more of these may be used (for example, polymer alloys, 25polymer
bddgnds (i.e., compounds), copolymers, and the like). 45 Among
these, using norbornene resins (i.e. norbornene-based polymers) as the
[opBgary component is particularly preferable. By using a
norbornene-based polymer for the polymer a core layer which has
superimMdaboter ianbanissinibeolexibilityn doddhersranesistnge foamtpn film
obtained. Moreover, because a norbornene-based polymer has 5high
mhydi bk reCasRIayer that dsaresiatRnide dinjensionda ¢Paidges the
caused by moisture absorption and the like can be obtained. [0063] The
irfadfosnefehbaseshpalitracionalgitheldveonipaictias affeindiyidtadiation of the
repeating unit (i.e., a homopolymer), or one that has two or more
sebodanmentkasgt 1 Otepeatingfwhiisi(i e taanymassombopltiaofsthis
type of norbornene-based polymer include: (1) Addition (co)polymers of
perfyiined @iid Nie dame sgiatitai ngdho s ¢benddditivrioleo)polyonesidaticladuliag
norbornene monomer; (2) Addition copolymers of norbornene monomers
foamndtRnylknenateaidlafinsy {Hikidditire s apoheatarg sughcasuaddiibpressure
copolymers of norbornene monomers and non-conjugated dienes, and
reqdidéioforlthedprotyosersppéssirb boreigraontwees;chondeangligdted mhissiels, that
and other monomers; (4) Ring-opening (co)polymers of norbornene
thenbeomersgneksesinsndiiaine gdrjoinedddiiemethydrogethdo itiase of the glass
(co)polymers; (5) Rimg-opening copolymers of norbornene monomers and
tratiiyieneoparaaiiBy afithaldaddisin soobiainediby addinglhydrogen to
(co)polymers of these; (6) Ring-opening copolymers of norbornene 20
monorvensavia, hyrpedojugaged diba@sooo mprbaiine e md orpostepr S rathd
non-conjugated dienes together with other monomers, and also
subsgropeniag ol foenatsucktgs potyniats dbtaing o biladdpecfdryardgénrtthe
(co)polymers of these.
irradiation of the second ultraviolet light is carried out via batch processing using oven

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.

[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

is shown in FIG. 9, is within a range of approximately + 100 nm on either side of a
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Examples of the aforementioned polymers include random copolymers,
block copolymers, and alternating copolymers and the like. 25Among
these, it is particularly beneficial to employ an addition polymer of a 46
norbornene polymer in that this enablgjr a core layer having superior
transparency, non-conductivity, flexibility, and heat-resistance to be
woRirined.JYloneavsr, an palditiga-privmeis sperhaspen oy ®euRas dhficient
further advantage that the refractive index can be adjusted depending on
ol ityipdtah&iaachaimet thieiads siorpehisumhthesdsybamanesuggested.  If
polymer. [0064] As the polymer whose refractive index is reduced as a
ultesud &f ikt leapngitytas inadirgonrapuraiph RNy Beylinesd ome fiee material
methoxysilane homopolymers and copolymers of hexylnorbornene and
lagliphesyboeind torberpenenmbthaxysiies tan hasiRpberabbasiseand reliably
[0065] Examples of the first photo-acid generator include, in addition
refadedragis fpeniativosbphiervh hasateuand hetalaropmidrionaieo tetakis
(pentafluorophenyl) gallate, aluminates, antimonates, other borates,
gcheliaiasenr ioyangsit higincaopo rnesdanidd appadikes such@omnighichiatsure
available product examples of these co-catalysts include: "RHODORSIL
métegisteneg tedematkalide kape applies below) PHOTOINITIATOR 2074
(CAS No. 178233-72-2)" obtainable from Rhodia USA Co. of Cranbury,
New JBkaeyhiThGpaas2Rt ((dienatiyl¢2 irajpbdhyl 32 coxaetiybns wHamnéim
tetrakis 20(pentafluorophenyl) borate: CAS No. 193957-54-9))" obtainable
wiaenioly Utk iNilgerGousédd. afhbekymydapabs ‘ddkieh W3 rtGASab@rption
87709-41-9)" obtainable from Midori Kagaku Co., Ltd. of Tokyo, Japan;
mak 8 Ala G Mo o1 ROkt T3@}))-aolat giiaibdeotrontohgytotiak égibS@aption
Ltd. of Tokyo, Japan; "TTBPS-TPFPB  (tris(4-tert-butylphenyl)
masxifomiumatettakish(petitapantad pboopheiydeharate)” obtainable 25 from
Toyo Gosei Co., Ltd. of Tokyo, Japan; and "NAI-105 (CAS No.
[0BbBU2-62-7)"

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
—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.

[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,

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



10

15

20

25

47 obtainable from Midori Kagaku Co., Ltd. of Tokyo, Japan. [0066]
Examples of the constituent material used for the cladding layer foilation
film material 34 include cyclic olefin-based resins and the like such as
acrylic resins, 5methacrylic resins, polg(garbonates, polystyrenes, epoxy
resins, polyamides, polyimides, polybenzoxazoles,

benzogyslnhuliene: basgcthiebitac AN E-HAMPNIABE DARAC- Faskas EHtheF)Ae the

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

praahrnesapoetsa e ymes ieRds¢kaastemmyasa) sapebvmens-b@ed polymer for
laminated bodies, and the like). 10Among these, it is particularly

thpigfBhable: ibovécyef sikishperipehearesistamem ity diexabelin; kaged
resins such as epoxy resins, polyimides, polybenzoxazoles,

thbenzesyictahtiens hasedifrgins Muddslerbbscane-hasabresiosvand hdymer has
like or else resins that contain these as their primary constituent are used.
highasertphobisitain beidRIRENEabRSRC{RSINS (ithemishoropngBosaded by
polymers) as their primary 15constituent are particularly preferable. [0067]
mblsing: absbarnenendasedipobambesodtthedconstituent material of the

cladding layers 212" and 213' is beneficial in that it enables cladding layers
[0B82] and 213' that have superior transparency, non-conductivity, flexibility,

and heat-resistance to be 20obtained. In addition, because of the

hydroptehicityoefi¢ierbasaé pethase thppbither deibis: phsishiateatoinbitaitual

cladding layers that are resistant to dimensional changes caused by
repratdigrenadiserpiibormogbtipméRe oMaretiae had arho o enadased pehsvtessd

or the raw material thereof, namely, norbornene-based monomers are
repeefarablatinileatatheyodyenempBxathebs eivhiz cgst éintbeseradse-basydteolymer

obtain. 25[0068]
include: (1) Addition (co)polymers of norbornene monomers obtained by the addition
(co)polymerization of a norbornene monomer; (2) Addition copolymers of norbornene
monomers and ethylene or a—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) 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
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.

Among these, it is particularly beneficial to employ an addition polymer of a
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48 Furthermore, if a material containing a norbornene-based polymer

as its primary constituent is used for the material of the cladding layers

212' and 213', then it is possible to obtain cladding layers 212" and 213’

that have superior resistance to deforrl;gtion such as bending and the like.

As a result of this, even if bending 5defoirnation occurs repeatedly, it is
ndifiigwhisiniecianenfeeiing dRoreW aatiepsn heeladdiegdayeisgakency,

and 213' and the core layer 211", and microcracks are prevented from
ndefadIeaad insideilitg shdingriayeincdlid Bnebaised. Mbaovatesiahddition

containing a norbornene-based polymer as its primary constituent is used

pdBhibesNaigsiBba{diepetyalaek Zd hashaeld then hasatse le-seaierialex can
are the 10same, the cladding layers are provided with an even greater

bedayiseOtastirbignowithethipcoraildyehald bf e altbsul blihisriofardayer
peeling between the cladding layers 212" and 213" and the core layer 211"
ndt8brhenprigyignted. Accordingly, because of reasons such as this, the
optical transmission performance of the optical waveguide forming body is
[Oo®intained, and an optical waveguide fom ing body having superior
durability is 150btained. [0069] Examples of this type of
norborAerie:-pasadcpaljiotersfciude: (Adedditiandedpalysealsodihe leaving by
norbornene monomers obtained by the addition (co)polymerization of a
thadshamneneupodipinely (@3 thvidivesocapelyi grexghitardhoness e amads
and ethylene 20 or a-olefins; (3) Addition copolymers such as addition
copoatymess lefxybiboineescnnd dipreadnd thohnoohjugate chdirnessiand can be
addition copolymers of norbornene monomers, non-conjugated dienes,
prafudablpersadonomers; (4) Ring-opening (co)polymers of norbornene
monomers and resins obtained by the addition of hydrogen to these
[00s)polymers; (5) Ring-opening copolymers of norbornene monomers and
25ethylene or a-olefins, and also resins obtained by adding hydrogen to
(co) poBxaes asfoft ththi@se plo) drRin gl gpeeingrdaphiyemer additiontorteemakis
monomers and non-conjugated dienes or norbornene monomers and
(paotafbonpgeted ) dermes do0ddthaflwitlattisronate, tetrakis (pentafluorophenyl)

gallate, aluminates, antimonates, other borates, gallates, carboranes, halocarboranes, and
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
(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

from Toyo Gosei Co., Ltd. of Tokyo, Japan; and “NAI-105 (CAS No. 85342-62-7)”
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monomers, and also ring-opening polymers such as polymers obtained by
adding hydrogen to (co)polymers of these. SExamples of the
aforementioned polymers include random copolymers, block copolymers,
and alternating copolymers and the lik Among these, it is particularly
beneficial to employ an addition (co)polymer in that this enables cladding
obaNRiB12 Ebrandidd3 ik CUReNer drankgalgasyn.non-conductivity,
flexibility, and heat-resistance to be obtained. 10[0070] Examples of
[odws polymeric group of the constituent polymer of the cladding layer
foiination film material 34 include a methacrylic group, an epoxy group, an

alkoxysilyhgrevps andchig likenfnnacbaingse foagedoplimedhat iehiees film
repeating units of norbornene having a replacement group that includes

moRe Af¥nenahave gascoet-bapal imeiicagiotipsile acticidaty pataiable.
By including a repeating unit of norbornene having a replacement group

mbleddngludes Riyreategtesiholyistpessiieta giesisd|polpgaiber, pthgmides,
directly or via a cross-linking agent the polymeric groups of at least a

pdigbiarorh b4 GhossoRbasad pemesiis thedoadsbng:taybiscd kdsand
213'. Moreover, depending on the type of polymeric group, the type of
EithessHinkingR0agenhstbe typenhpadyn dressathinbhesedrgdayesglt, polmer
the like, it is possible to cross-link the norbornene-based polymer with the
alpelymelyusedionihe caredaygrualld), tomihensmo(ds, ihinipaeietadaledpamt the
least a portion of these norbornene-based polymers to be cross-linked in a
likeglymeric group. As a result of this, it is possible to achieve an even
greater improvement in the actual strength of the cladding layers 212' and
213" 2Bihemstives andplsainihe mdfreshdnibeteweart thaciageding layers
212" and 213" and the 50 core layer 211'. [0071] Examples of the second
rephoicadidtggobeativfimtade, s addiibnatoepeixakissins, 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., norbornene-based polymers) as their primary
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
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.

[0068]
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(pentafluorophenyl) borate and hexafluoroantimonate, tetrakis

(pentafluorophenyl) 5gallate, aluminates, antimonates, other borates,

gallates, carboranes, halocarboranes, and the like. Commercially

available product examples of these cggcatalysts include "TAG-382"

obtainable from Toyo Ink Mfg. Co., Ltd. of Tokyo, Japan and "NAI-105

(CAS Ne:8&ddR217 ) abiainabia fpm Mideibkagakibssed pét0bTakyOprimary

Japan. 10[0072] The optical waveguide forming body of the present
canMaatinniisupal fvnilednhabein e Niendtaktibethusingitraabove deseripad

manufacturing method. There are no particular limitations on the method

possitete HeaLfatibmenthisyepiical wadenlsdg o e g e 1ol the ehove
described manufacturing method which is provided with a core layer

ddimation Siep aa ibeMingeodiHesskon bondiagustep (iand: dealatisinging
formation step (also referred to below as a post-irradiation method), it is

deforantiah iercine @psarpiiontmadiffivin fevetenging pbéhiagtaodocacisktween the
generators (i.e., the first photo-acid generator and the second photo-acid

clggnigpatgigreanHined in3hangake kyelfodnation matatirbandkiQikkeprevented
cladding layer formation material to be mutually different. However, it is

fratsbging sikado nbiadnianchplicad Wavagridedad 9. body by performing
thennocompression bonding on a film-shaped material used for the
claddimfa(wibeitatrenthiesngayecabeadydeas dpohetynibich graaddeeonstituent is
formed into a film shape using, for example, a cladding layer foilation

useibferitlethattelod o A diccasitalnyar@dteraciel lg ereratonu2b 00 fidltebihls ardnhe
this case, as the core layer foination material, it is possible to use a resin

saa@ihesiticiditataysesagegyoiddelefirith ased ae girasrite gremef ydhediimadith the
and whose refractive index is changed by the irradiation thereon of active

coea&rgyt ght rayssar rebadtkdithieams:-ydipe thie gblditroaatiapgdhiddtianlayers 212’
thereto of heat. Namely, the method

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

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
norbornene monomer; (2) Addition copolymers of norbornene monomers and ethylene
or a—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

ethylene or a—olefins, and also resins obtained by adding hydrogen to (co)polymers of
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5used to change the refractive index is not limited to the irradiation of
ultraviolet light. Note that if electron rays are irradiated, they can be
irradiated in a quantity of, for example, 50 to 2000 KGy. As this type of
core layer formation material, it is prefg(l)'able to use a resin composition
that uses as its primary material a cyclic olefin-based resin such as a
thd@henzy RiglebytenesRapel FesicTmaMerhers enshbaseia RSNl iSted
particularly preferable to use a resin composition that uses an addition
dipdymerbarneibarsehahasad fesl0caguis e Mafknedetial: wxawmplas of
this type of norbornene-based resin include various types of norbornene
miesinesUsidagssd hHingdsitem¢Gipalrr i vhnpsbatirenebmanaBgalding
obtained by the addition (co)polymerization of a 15 norbornene monomer;
hy@odelditiqooypeRiviserstaidserbornene monomers and ethylene or
a-olefins; (3) Addition copolymers such as addition copolymers of
norbomenapredemersarthaaivaenpigaiest dieclade antiaaicitpolymers, block
copolymers of norbornene monomers, non-conjugated dienes, and other
copeinamsranfllRingtRRavpel (arRed@Eslidnorbornene monomers and
resins obtained by the addition of hydrogen 20 to these (co)polymers; (5)
Ring-opening theao lymersrof ularhosaesti manemets yaadaadiyieneo)polymer in
a-olefins, and also resins obtained by adding hydrogen to (co)polymers of
ththelse; ef@bRing-widaningyeepdlPmears DfNodehoigsnpation@meparancy,
non-conjugated dienes or norbornene monomers and non-conjugated
nddienadiogeityeflyibi bty enthhemsistaaoe talse @abinedrs obtained by
adding hydrogen to (co)polymers of these. 25[0074] 52 In contrast,
[0t Mmaterial used to faun the cladding layer is one that enables cladding
portions having a lower refractive index than that of the core portion and
havingEsupgiliar dketibpidyyiadoe ghiamefithe xanmplesihpobohinclfide cladding
materials having as their primary material resin materials such as cyclic
lapbefiorivased fasinsasercil a4 aciylie resicthabghoxgrsesing, qpolyynadehased
resins, benzocyclobutene-based resins, and norbornene-based resins and
alkloe yidby1 Amopgathiede, liksin domopasitions isidhalenas theiripelndasyrepeating
material cyclic olefin-based resins such as benzocyclobutene-based
umgsirfsartth nerzoireng-b agddceasing axaipteieiabled@ncheasithe above described
compositions that have as their primary compositions addition polymers of

palpnimrroeneHrasqrhresits lyrprptertibldar B $ Oprbfénabiecej@@7ibl 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 norbornene-based polymer in the cladding layers 212° and 213°.
Moreover, depending on the type of polymeric group, the type of cross-linking
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 212” and 213’

themselves and also in the adhesion between the cladding layers 212° and 213’ and the
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(Second embodiment) Next, a second embodiment of the electronic
apparatus, cellular phone, and flexible cable of the present invention will
be described. 15As is shown in FIGS. 10A and 10B, in the embodiment
described here, instead of the flexibleg ble 20 of the above described first
embodiment, a flexible cable 20A is employed where connectors 25 are
caatiashed 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
[0ogmposite device fonned by joining together the above described optical
20 waveguide limning body 21 and a flexible wiring substrate 23. The
symbak2hpissiseadaeciirl phtiis-goianeeiatsot nelihe, iwaddidlsnirotherakis
longitudinal direction of the cable body 24, while the symbol 25B is used
(plendhantppeapnnecier 4kl IRl Maedvenar,hisAmapeimnantrapticayi
board 111A where a connector 53 connectors 25 of the flexible cable 20A
gdBdpeoniadethigIpuses ondie, odier basing, klaishafistabesdhafocii®ditanes, and
board 121A where a connector connecting portion 124 (i.e., a cable
thediaecting portion) to which is connected the other connector 25B of the
flexible cable 20A is provided is housed in the outer casing 120 of the

second haeherbiathesvdiabingsodhe: sysmslkd dbAtigsseas daathadiistboely
and the symbol 12A is used for the second body. Moreover, in FIG 10B,

“TAGs}spbobilOruigcafeetiiiay phada®ife. Colhisdeolitskme Thptifieisdfron e s
first embodiment in that the flexible cable 20A and the circuit boards 111A

(CAINRQ 195 41 62hh cetiadlerfcanmdaturg artions ard ptovididtyrelapan.
employed. However, the remaining structure is the same as that of the

[0firX]10embodiment. Hereinafter, structural components that are the same
as in the first embodiment are described using the same symbols. [0077]

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.

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
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.

[0073]
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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 fonned in a flexible belt
shape, and is 15provided on one surface (i.e., a surface on one side in the
thickness direction) of the optical Wavgquide forming body 21 so as to
extend over the entire length in the longitudinal direction of the optical

waveguide feasings ipdyo2d 140878} hhedpasiienavherephrisable trdyrédn

of the flexible cable 20A is laid in the 20cellular phone is the same as the

cop@siinMhRiaibe Dplical wanedaidd hady RlbinadiexibiecabithdWisose
laid in the first embodiment (see FIG 1 and FIG 6). As is shown in FIG 11

re@eviGnlBx the kaldedigdih @ 4raliihedickigle aae-20A dedpepiignadysush
that the center portion in the longitudinal direction thereof is laid adjacent

cléottbe biage, padion thd addhealappliphasieththeccathedodW2ddiasiee method
25defonning section 24H which is the portion that undergoes repeated

ushendisig siefonnaifarnthd aslthassenandikady fiAnsdepeatedlyiepesiedlight.
and closed relatively to the first body 11A by being pivoted around the

Nbiagexpodiensba. iy thedhniteldialeall taadein®partionrddnof thamplicd] for

waveguide foiling body 21, the range where the optical waveguide
ext@ipiag0ableodd Kiathe cable body 24 are 5foirned in the longitudinal

direction is a range that includes the defoirning section 24H

As this type of core layer formation material, it is preferable to use a resin

composition that uses as its primary material a cyclic olefin-based resin such as a
benzocyclobutene-based resin or a norbornene-based resin, and it is particularly
preferable to use a resin composition that uses an addition polymer of a
norbornene-based resin as its primary material. Examples of this type of
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
norbornene monomer; (2) Addition copolymers of norbornene monomers and ethylene
or a—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
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.

[0074]
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and further extends out from the defonning section 24H on both sides.
[0079] The cable body 24 of the flexible cable 20A is foilled in a rectilinear
shape, and when the second body 12A of the cellular phone 10A is
opened approximately 180 10degrees_from the first body 11A, itis in a
state where substantially (or absolutely) no bending defonnation is applied

to the deformning archiRRA4HIsHI e@Rtiasthif tNrigRGAAdcpyntINaiehltsed
against the first body 11A, the portion of the flexible cable 20A that is

cliddaiedadiasent it the 1bingerpRitiovclidd aamaithhe tefosningseehamd having
24H undergoes bending defoimation. 15As is shown in FIG 13, in the

sutheriblgleaibiei Qs b behibeadingdeipinatiercis applied o e dafeonnings their
section 24H of the cable body 24 in the cellular phone (for example, when

prikgisecandibodyiistlnsed against hieficss bothadherogiticalvtayegiide: resins,
fonning body 21 is located on the inner circumferential side of the flexible

epokiNg S giotyend de Hasad eslitisb it cytiebhendingedatainatian is
applied to the deforming 20section 24H, this vertical bending deformation
ndshalserapiplied tesine Atitrl Nkayeguiienfoiekty leodycdhpbidt®thRahihBave as

bending defoination generated when vertical bending is applied to the
thepticahwavaguide tutingdfadyRidsalas seftrietdnzasysisbicaineendittresins
for the cable body 24 as well. 25[0080] 55 As is shown in FIG 12
andngbF6nkd e thes dlé xéblaswikngeseiablea ten d 3csial uoiep @it eiecthigeibye as their
non-conductive base film 231 and a conductor layer that is provided on
pranergudapegfitme hddiddimapheshd surtacecat ibasbbssiiibn2Ihitiailisly
located on the opposite side from the conductor layer 232 is bonded to the
prefiiablewaveguide fonning
[0075]
(Second embodiment)

Next, a second embodiment of the electronic apparatus, cellular phone, and
flexible cable of the present invention will be described.

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
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 111A where a connector

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



10

15

20

25

Slayer 21. Namely, in the cable body 24 of the flexible cable 20A, the
conductor layer 232 and the optical waveguide fonning body 21 are
mutually laminated with the base film 231 interposed between them, so
that the flexible wiring substrate 23 an§i3the optical waveguide forming
body 21 are mutually bonded together.”10[0081] The thickness of the

cdnseianat okthedisnble wirng subsiriai23lis fiemid ths satebgsmanth of

the thickness of the conductor layer 232 is from 5 to 10 gm. Moreover, this

thi exifalBodiringaseipsirebe 23 i9 ionnadrina beikshrrenandiipavised vare., a
the entire length of the optical waveguide fonning body 21. The width

caBinensiensngf pdhrthe flexiblecwinng s sitaie: 23t he:tiof 0B oY idiiRxible
entire length in the longitudinal direction, however, it is not essential for

cahlernot Retoviean ouendbe ianticelesgthsingne dosite dinandi tretion. [# e
width dimensions are, for example, from 3 to 10 mm, however, if

drappiggrinte pmbeCesadsyysédsSalsheassidfonthemnsimiwlasathan s fonthe
or larger than 10 mm. 20[0082] A polyimide film, for example, can be
scbenebowdlly ndettioethia Pase1iiB) 23lyhte cohductordilnna? 3Rdaa
conductive metal layer made, for example, from copper or the like. A
substratgscradiad hydiatifiag aomirthg fatembidEmencanthactae ¢lexulie cable
232a) on copper foil that has been adhered to one surface of the base film
2 (28 aAnckhoeitaniotabid? blisedmis theAflexibla avicing sctb st ata c2Binkl puivas, are
the materials used for the base film 56 231 and the conductor layer 232
prakédedtaliendiaglty ¢hcHepandrofiierdananingnaisials ihatearaiesadiior éf the first
flexible wiring substrate may be employed. [0083] The following
embethiotnfor ékampi&ematydoaitisedapdhenty dihoadohSsmaaufaattrenfrihe
cable body 24. Firstly, a varnish that contains a material for forming
crtihe diladualingeldysrsietthe gpticad anaveguibadés forming body 21 is coated
onto the surface of the base film 231 of the flexible wiring substrate 23
[0@/Hi¢h is on the opposite side from the conductor layer 232, and is then
dried so as to form a dry coating film. Trenches 21e are then formed in
this  Asis 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
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
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

deforming section 24H which is the portion that undergoes repeated bending deformation
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10dry coating film by means of laser working or the like so that a cladding
layer foirnation film material is obtained. This cladding layer formation film
material is adhered to the base film 231 of the flexible wiring substrate 23.
Separately from this, the core layer 2]§4and the cladding layer formation
film material (one where trenches have already been fom ed) are

asRFRPREDAJBId fheseigiejaredRBpmieran descdadaingdyertermsiipady 11A

15film material which is the dry coating film formed on the base film 231 of

bytheiflexbletvdringuadbelaie’dofie@nnecompression bonding is then
performed thereon so that a material laminated body is obtained. The

cladding dayaréeiationdikndmatesialoart dher eerepaicer walethaddSforming body
laminated on the cladding layer formation film material can be

2 Imaeufagititaitbtising dpecaethockdercriRadns ¢hisldicst ambkedvaigotbdayiina are
same way as 20in the thennocompression bonding step described in the

folifisd e ipadiongivi dhalthasnoso m aressie hhoindinged eisc dbRamiesisction 24H
achieved by heating the material laminated body to a temperature that is

areifuadhier ox taigheaniih@onin@olRssrthansiiot dempueaiweiT gddsthe core
layer 211 and/or the cladding layer formation film material while applying
[opme3sure thereto. 25Next, the second ultraviolet light is irradiated onto this
material laminated body 57 so as to cure the cladding layer fonlation film
materi@ghorddd¢bsdyfades ticthiexible dayler2®hlisSorihad ihe: ctatidimgtayeps, and
212 and 213 are obtained. As a result of this, the optical waveguide
whermirg ey Bedg fixaddthenelsilufatens A flexinecdinngstbsikdie1 38
(i.e., the surface of the base film 231 on the opposite side from the
degpadutton khydir3)dband thesiexibiatwiking sutisitaida 23 amdatiselofiigpho
waveguide forming body 21 are bonded together so as to form an
bdndagr aliefdreahierbedip@ded 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.

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
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.

[0080]
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[0084] Another manufacturing method different from this is also possible.
For example, the core layer 211 and the cladding layer formation film
material 10(one where trenches have already been foled) are prepared,
and these are then layered on the surfgce of the base film 231 of the
flexible wiring substrate 23 on the opposite side from the conductor layer

232 st shanatefiai@mmated indy ishelHained. Figitaeimargic 23 includes an
thennocompression bonding is then performed on the core layer 211 and

cltheibypychradiogdayerdoanation Hhm mateteksiytdraaingihisspaselil on one

laminated body 15 to a temperature that is equal to or higher than the

sugfass Jransibiae mESBIUrEhEgatibesmare kerdhloandiar theockaettlifiothe
layer formation film material and applying pressure thereto. In addition,

opb&ilitasaapsasiendaandiog lis/ then partainded nibehase Wivegdidofshaing
flexible wiring substrate 23 and the cladding layer formation film materials

lajeathave been laminated thereon. 20Next, the second ultraviolet light is
irradiated onto the material laminated body created by bonding together

via thexagebmipressiabléaingleocdie fayebl2 Linaddhe tweehdddioglayer 232
layer fon ation film materials so as to cure the cladding layer fonlation film
anih &ierdptionl baitegutfedesnihihbodgre llaye maihialBol fnsih thed cladding Bayefim
212 and 213 are obtained. 25[0085] 58 As is shown in FIGS. 10A
23nG 26D st epnraatais, Xd aidiols ducidefheniesibier e Ttasidakl ajstical
20A have the same structure as each other. The connector 25A has a
wstkgelideefvdnerg dabnheatnmibeuniindoAbddisogeoveded in the housing 221
of the connector 22A that is provided at both ends of the flexible cable 520
[0d&sEribed in the first embodiment. The conductor circuit 232a which is
foirned by the conductor layer 232 of the flexible wiring substrate 23 (see
FIG 1T)hantieknetecif daebpsetidm BT thfathisfrabideditngthebstarerdas from
connecting portion 114 of the circuit board 111A of the first body 11A are
1 2feet2Sgiin conhéetdd dipereafthot thiducanregtin2 eisrtinal 354. 10 um.
addition, the connecting terminal 251 is provided in an exposed state
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
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.
[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

used as the flexible wiring substrate 23. However, the materials used for the base film
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100on the outer surface of the housing 221, and is electrically connected
via an energizing communicating portion 252 such as a wire or the like to
the conductor circuit 232a of the flexible wiring substrate 23. [0086] By
pressing the engaging projection 224 gvéqich is standing upright from the
15housing 221 into the engaging recess 113 which is foil ed in the circuit

2310a1d thd Londhther fisstbosty i AothereRane¢HRELMNIDDRSILANCH fiRlalives that
to the circuit board 111A. Accordingly, the connector 25A can be

araeeuda@ly: instaledvitiagsuitabladeskien enfisedonnected to) the
connector connecting portion 114 of the circuit board 111A. The connector

[008BNecting portion 114 of the circuit board 111A includes an 20optical
element (here, the light emitting element 112) which is packaged on the

circuit DearelbiviAg thetesiydpingdegessnildowhied is iaenedtodier vicinity
of this optical element, and the electrode portion 115 which is provided on

mihefaireuihpeasdabld Bodytbe. vicinity of the engaging recess 113. The
electrode portion 115 is electrically connected to circuit wiring (not shown)

that isHaies, anv e girdiait doaathd 4 intcthdl 6oe fhabiietby uidden gfldhiss of the
connector connecting portion 114 is formed by 59 adding the electrode

orpiedionaldguidd iertonnbotiyr Tokneatinhdnestine wirthe: efehd hisardlidld3 | of the
provided on the first body 11 described in the first embodiment. [0087]
flaMibevihienganibeetos 25Aviscin i aliet©opphasitesidedesad i) dhedaomnésfer 232,
5connecting portion 114 as is described above, the minor 222 is
anjasitlenattied {heaoptiktahaxidroichigtih g dilput b¥ihehight Bnaittidge fmesd in this
112 of the connector connecting portion 114, and the light output by the
driyghtaeimitfihg dlemenis bf2acanvibe kirgdiatdd Mie deetimiros] 288 ankoythdormation
optical waveguide limning body 21. Moreover, at this time, the connecting
filermanal 454 obiakeds privideld datimgdagdidorontioa fihpositesid e Mdherkhketo the
base film 231 of the flexible wiring substrate 23. Separately 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
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
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.

Next, the second ultraviolet light is irradiated onto this material laminated body
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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 electroders;zortion 115. As a result of this, the
conductor circuit 232a (see FIG 11) of the flexible wiring substrate 23 of

sothe flexiRiercahirl 2A4 1ager erplgetically sRnneates totheapieeitaftHieore layer
circuit board 111A. 15[0088] The connector having the symbol 25B

2 hasdheasatvelsdaiurg, es e cadractarSAaibamelxs the-aingaging, the optical
projection 224 which is standing upright from the housing 221 is pressed

wiRigsthécgogagin® se¢edsislRimdn ¢ isnlonnest dothaciiexiblRoaitnkzlbsahte 23
the second body 12A. As a result, the connector 25B is positioned relative

(%0, the sinchit APheardskAilA, 201dgathdepmsindedionfne the@dneatest tayer 232),
the connector connecting portion 124 of the circuit board 121A. The

areIhB €RIRIbEORMEEH RgHaHION 3124 ahéhg Guduiidleanidd ZdAning bdas theare
engaging recess 123, an optical element (here, the photoreceptor element

bokidR) edpieinds paokagranoarthetairatst beslkdbbadAadjacent to the
engaging recess 123, and an electrode 25portion 125 which is provided

[00B4the circuit board 121A in the vicinity of the engaging 60 recess 123.
The electrode portion 125 is electrically connected to circuit wiring (not
shown)\ Hodids demaést omiligantithod didkrant 2dtn tHieistilsotpossitithis

connector connecting portion 124 is foiled by adding the  electrode

portiorF d2&xtorijhie, ché teci tayedn ¢ clivdg irostinidiak the @i foulhdaar dih? inaterial

5provided on the second body 12 described in the first embodiment.
(o2088M/trenciiee kormndetad Y b&isfursiall paropriparcdpmne died: ta} tihen layered

connector connecting portion 124 as is described above, the minor 222 is
orphsitiorfaeckan thetoptiddhaXl off ligbtkedbived dypthebpinatoP8aaptie opposite side

element 122 of the connector connecting 10 portion 124, and the
froranbendssiduclight pirthg2ojptidal waneepuad éafomming trabyyi 2 dbtaindoe
Furthermore, thermocompression bonding is then performed on the core layer 211 and
the two cladding layer formation film materials by heating this 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 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.

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.

[0085]
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received by the photoreceptor element 122. Moreover, at this time, the
connecting teirninal 251 which is provided at a position on the opposite
side from the engaging projection 224 of the housing 221 (so as to avoid
the engaging projection 224 of the hO%%ing 221) with the recess 223
interposed between them is made contact with the 15electrode portion

125 of AResGPRRECIRIFEABNECANGHAURNH2b et 6D bataieaiigal)of the
connected to the electrode portion 125. As a result of this, the conductor

flelisltwisidg aisheaflexidenwidngesubsiratecaohdhadiexine cable 20A can
be electrically connected to the circuit of the circuit board 121A. [0090]

20In thenpwsept eNdineatsasiarsiohwieia fdfnBc A rant k) Bs the preided
connector 25A of the flexible cable 20A is connected to the connector

inahaneating portiomielcbantbecazaitto ¢rblidditbetfirsidashittiel Ae-abid cable
the other connector 25B is connected to the connector connecting portion

20124 @iibe ieittuitibnardbbdifcat thabecondubaal v itdAt 282 a wesetidhiermed by
electronic circuit on the circuit board 111A side of 25the first body 11A and

ththe alRetanis cirzsit ehitbel ekitlitboare slitasids ofdheiseonamalabethttrode
12A are electrically connected together via the flexible wiring substrate 23

patitelfiexibieicphieid@hoir thth@nneceritimadsaRopsitin tol taifshritapticdloard
signals from the first body 11A side to the second body 12A side via the

1 1apticatiwdiegbibde fididiag: bsdyr2hlbf tharftexdblbycalele 2 0AthR{ @08 ting It
is thus also possible in the cellular phone 10A which uses the above

tedeseiliRégd. flekikiddiahie tREO AoihaistipetiomiatdiD§l an gusaited is aeeueddd state
the optical waveguide fonning body 21 by providing the internal air

orctaedingrpartiare 21cthd0082hg QR btarihat dsoras Biscodesarbedhinntleacigsting
embodiment, it is also possible to

communicating portion 252 such as a wire or the like to the conductor circuit 232a of the

flexible wiring substrate 23.

[0086]

By pressing the engaging projection 224 which is standing upright from the
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
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.

Note that the structure of this connector connecting portion 114 is formed by
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provide elastic claws in the connectors 25 to enable them to be removably
engaged in the circuit board in the same way as in the first embodiment.
Moreover, in the connector connecting portions provided on the circuit
board, the positioning portions that ar%[sﬁsed to position the connectors of
the flexible cable are 15 not limited tothe aforementioned engagement

ad@68356 2164308 thddnl N h 3Bl MRY @S dorthecfingt sonkadingntcitdgit board
also possible to employ frames or positioning projections and the like. The

1 19haeiatdhs chd neatpsd Y dIcas @isedr alleras imasshnaance with the

positioning portions on the circuit board side, and it is also possible to
[06BTIoy a structure where the connectors 25 include no engaging
projections. 20[0093] (Third embodiment) Next, a third embodiment of

the eleptienithappaiatus and ceilisarpihoneief thenpsesaniboierdivnsvitbe
described. FIG 14 is an overall perspective view showing a cellular

capneaengPBraieaorting 2btesdiis @nbodénasimwhile2BIGs Hodaiand@wn the optical
showing the vicinity of the pivot shaft 13a 62 (see FIG 14) of the hinge

axposiopioisuisbshbwidht itlidsaslidndtd 15 ot thiscembedimanhtéing portion
center portion in the longitudinal direction of the cable body 24 of the

1 Hexidalcalih 28Apat Bietsetighdeatittiagdisnantis providebkiiraditatd ofa the
being wound one or more times (may be referred to below as a-winding)

mérotipe2tbato wkeropiticahvaregaalddbitieénpivodghaft 18R ebihe, Atnds paitothe
13. [0094] The entire portion of the cable body 24 that is a-wound around

came:ctiigrtemeimaifesenceic thempiidedhall daatiohtbe thingppositiandt Iriem the
the defoirning section 24H1 that undergoes repeated bending defonnation

engagoryynoien mil thef thp daiain @ gRings amdvalaking afghgesaijettion 224
body 12A as it is pivoted relatively to the first body 11A. The internal air

ofcladhlingipg aidn widi glhawedsolileinptisaied deegeidehiarmingacts the electrode

portion 115, and can be electrically connected to the electrode portion 115.  As a result
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.
[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 1s 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
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

portion 125 which is provided on the circuit board 121A in the vicinity of the engaging
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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, or to a range that includes this defonning section 24H1
and is also wider than this defonning %%section 24H1. [0095] The
defonning section 24H1 of the cable body 24 is wound such that the

reP@SitioBs of Hee e andisoitidnel Inpiveinad ditessiaeatthe cabletbadngthot

are mutually offset in the axial direction of the pivot shaft 13a of the hinge

shRHiPIha3s Qe &nensiee2Rimnitbeaenptuginal direction of the cable body
24 is provided in the first body 11A while the other end side is provided in

the sevppdthadiyrd 3AtHRQRBhector chigdeangdipg-aaiomaatigorhed i, adding the
applied to the deforming section 24H1 of the cable body 24 is vertical

clegrstisgoMoremyeto he caiedaaidiordetaippoyideshssandhatin Boatlae 21
a-wound deforming section 24H1, the optical waveguide forming body 21

priagasd 63 thywaiss dsoiiner aoautbédrenthal Sidecafbibdifiexible wiring

substrate 23. [0097] (Fourth embodiment) In the electronic apparatus and
[oogbylar phone of the fourth embodiment of the Spresent invention, the

flexible cable 20 described in the first embodiment is employed instead of

the flexitlenaableodférior tiEBakane drscsibact thittherateddin et connector

Namely, a structure is employed where the center portion in the
cdongitingipatiie ¢Don O thes afbieahboare giddelfi@iriPy ibpdyi@dnel the the optical

flexible cable 20 is a-wound around the outer circumference of the pivot
axshaftligda etdhebibgehpphwordGEpiotkisment 122 of the connector connecting
portion 124, and the transmission light of the optical waveguide forming body 21 can be
received by the photoreceptor element 122. Moreover, at this time, the connecting
terminal 251 which is provided at a position on the opposite side from the 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 is made contact with the
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]

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

the first body 11A and the electronic circuit on the circuit board 121A side of the second
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10case as well, the internal air cladding portion (not shown) of the optical
waveguide foirning 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 fonling body 21 thaHs a-wound around the outer
circumference of the pivot shaft 13a of the hinge portion 13, or in a range

bdbptl MEIndesdhiscdB{ortng: arRClbpRBAVS alsqlwidae thampskietapnmnef the
15section. [0098] (Fifth embodiment) Next, a fifth embodiment of the

fl@laat eniteararatps el ikipen prbibe ¥y asashinvpaienswihbefrom the
described. 20As is shown in FIGS. 16A and 16B, in the embodiment

fideseapedAei®: whiaé izdsiwods B alidingvivipBcdmallllanphane.¥86mikhg body
illustrated as the electronic apparatus and cellular phone of the present

2 IinvfentiorxMe bRt Iy ponent elements that are the same as those in
the first and second embodiments are described using the same

[0destriptive symbols. 25[0099] 64 This cellular phone 10C includes a
first body 51 where are provided input operation buttons 53, a microphone

(not showmuaalenRRKdIMGL thb@AINlaantaérdaosmibRib e dhegepiiodescribed
circuit, and with a second body 52 that slides relatively to the first body 51

flad g @bide ol shadypavid €ol din gha diginte dy etuAdlisplayoptitad vand:aide
5speech output unit (not shown) are also provided in the second body 52.

fol@diag@lbody Asbs promdinp fhkGrtéMBakatitduddimapdibibh and. a key sheet
512 on which the input operation buttons 53 are mounted are housed

[004thin an outer casing 510 of the first body 51. A switching circuit is
provided on the key sheet 512. The switching circuit

Note that as was also described in the first embodiment, it is also possible to
provide elastic claws in the connectors 25 to enable them to be removably engaged in the
circuit board in the same way as in the first embodiment.

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
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.

[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

to this embodiment, while FIG. 15 is a view showing the vicinity of the pivot shaft 13a
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100n the key sheet 512 and the transmission and reception circuit are
electrically connected to a circuit that is provided on the circuit board 511.
Moreover, the display unit 55 of the second body 52 is electrically
connected to a circuit that is provided ona circuit board 521 that is housed
within an outer casing 520 of the secorid body 52. [0101] 15In this cellular

(sehPrE 19 1the iexiblpszable120A descshgen mtrecsaaand eMbadimenmids

employed as a flexible cable for transmitting signals between the first body

eridodifdiialrecane Poeyoasdn the 1bninaGamaivei@sdntieehieuibbpam@fhe
the first body and the circuit board of the second body described in the

fleabncheinPodisrant LebneeiabsOMeLingrooidiant: araA0RB4aRAWhe one
circuit board 511 of the first body 51 and in the circuit board 521 of the

orSA6RNERQAYRZ-be refEXR&] @b thekeRReCiRifidR: (lafoutiEIO BRREIEF R rence

that are provided at both ends of the flexible cable 20A is connected to the

Om@%@@pgmmggg@g@%@g Fdfigrquided on the circuit board 511 of the
first body 51, and the other connector 25B is connected to 25the

[opoBnector connecting portion 124 provided on the circuit board 521 of the
second 65 body 52. As a result, the electronic circuit on the circuit board

511 siqg Of {1k Sk RAD e D61 GIESTANC CUCHb M XS GleFHiE Bagyd

521 side of the second body 52 are electrically connected together via the

ci&%ﬁ’fé?éﬁEé"’é@ﬂ@eé@@& (56R HG Fhoh g IRRE YN 0es RS e3IRtion

the flexible cable 20A. Moreover, an optical element (here, the 5 light

zmi%agﬁ'@égﬁeu L R@YdRAQNhSAireh hoasdiBdioh hafitat PQsited

51 and an al element (here, the photoreceptor element 122) provided

L AlcYTHRASY i L b HFHsRGAIARRGY 9 2R ARUGRHE KOBNRCBRMRJ
Oljt%w%ﬂg%cal wa%%%%ide fonning bogy 21 of thle ﬁéxible cable %}? [0102]t Y

110 Thereahle hody24-alithg fexiBIe RaIARM) & RIOYIRAINAEIRIOforming

being bent
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, or to a
range that includes this deforming section 24H1 and is also wider than this deforming
section 24H]1.

[0095]

The deforming section 24H1 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
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 24H1 of the

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

the a-wound deforming section 24H1, the optical waveguide forming body 21 faces
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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 24W which is
defoirned by being bent in a C-shape is fonned in a portion in the
longitudinal direction of the cable bod%g4. The position of this bent portion
24W moves in the longitudinal direction of the cable body 1524 in

toGNMARE oMt hensitingamaye bTent (ileqvhesnaesBitaklong the guide
rails 54) of the second body 52 relative to the first body 51.

[0Agzprdingly, in this cable body 24, the entire portion where the bent
portion 24W is formed functions as the portion to which bending

(Fdafaneaboniisangplied, namely, as a defoirning section in conjunction with
the sliding movement of the second body 52 20relative to the first body

51. In theheallvbarophons 1@ shawweii epHoaw s thRigh e it of the
(i.e., the entire length) that is located between the connectors 25A and

pré&datitiehtivie me kil atisithoents efibeiaablerbadyndb dihibe: fiexiitoyed
cable 20A functions as a defoiming section. [0103] 25In the optical

inweakgtiine flerivigcbiold\2GA 6f theababledeocybed il enfirediengii 66 of
the portion that corresponds to the defonning section of the cable body 24
in the Nagiligdnatrditactianethpreaidfatisctiie itderig) atialaddird aoiiedinal
21d, and solid portions that do not have internal air layers 21c are secured
dien @il sidesftieal heticgnd Paitians Fodied opgithidimalivisaciion 0fidhe wound
internal air cladding portion 21d. It is more 5preferable for the internal air

ar6|adiRG RPEHOR ke R RE: RIS BH OV EaTaR NE¥AaST thahinghipesithe BOrtiPNthis
that corresponds to the defonning section of the cable body 24 and that is

caddderiBRNERIs defaIming RRITRH BBE (Apciinglbiiectpncaf the eptigal
waveguide forming body 21. [0104] 10In this cellular phone 10C, the

foltexile sapta 204t ppRvides fRcingriBethat 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

section.

[0098]

(Fifth embodiment)

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

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.

[0099]
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direction that enables vertical bending to be applied to the cable body 24.
Moreover, the flexible cable 20A is provided such that the cable body 24 is
facing in a direction that causes the optical waveguide limning body 21 to
be on the inner circumferential side ofétﬁle flexible wiring substrate 23 in
the bent portion 24W. 15[0105] (Sixth embodiment) In the electronic

appargtuis aagheel bﬂ@ﬁ@ mOOQIQﬁﬁh@sSdﬂFbﬁm@@mﬁéﬁfmmeﬁﬁﬂtinput
invention, the flexible cable 20 described in the first embodiment is

oy Batbsiead Phifeofayidecable e in thecahoveoderewhgdfifth

embodiment. 20[0106] (Specific examples of an optical waveguide fom ing

triReii}sion paectipexacipies, ahamwapticad wanegdid sl am i1 BOB Ly to the
can be applied to the electronic apparatus, cellular phone, and flexible

figablriphthel pigseiddrvantamrasidéd basiaf firspbuydsof markipeiGAg 55 and a
this optical waveguide limning body will now be 25described. 67 [0107]

spdesRd Rl iR repashtiom pie erepayeddoinatosefidmirbaderi] A
hexylnorbornene (HXNB)/diphenylmethyl norbornene methoxysilane

[090diPhNB)-based polymer (wherein x = 0.32, y = 0.68, and n = 5)
expressed by the following structural formula (Compound 1) was
synthesizedhbiextitMEG 08B meneshasaddly met mas, dissalgeal éa which the
mesitylene, so that a 10 wt% copolymer solution was prepared. The

inpiograenianeddtis ODLR SO REIQTCHNISHANDIRNZM/du(€iASMNEG.510 of the first
178233-72-2) (2.55 x 10-3g, 2.51 x 10-6 mol, in 0.1 mL of methylene

bazhidride)AlOsarhing asaifinstpboidedcn ehesadhediaing arhabsargtiog circuit
maximum wavelength of 220

on the key sheet 512 and the transmission and reception circuit are electrically connected

to a circuit that is provided on the circuit board 511. Moreover, the display unit 55 of

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]

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
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

the connector connecting portion 124 provided on the circuit board 521 of the second
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nm, as well as 3.0 g of a monomer oxidation inhibitor solution (described
below), and Pd (PCy3) 2 (0OAc) 2 (Pd785) (4.95 x 10-4g, 6.29 x 10-7 mol,
in 0.1 mL of methylene chloride) were added to the above copolymer
solution, and were unifoiinly dissolvedéag that a varnish to be used for the
core layer was prepared. 15Note that When the molecular weight of the

baynshesizach Genaty mekwasoneastiiad dSiRg GRPEBBABAN side of the first body
chromatography (GPC: THF solvent, polystyrene reduction), it was found

5 thatithe sessoauetagainalesibarcneighi-(Me) vas Jl800scHachtiis 52 are
number average molecular weight (Mn) was 60000. The monomer

elevtidatipncistiibéied sobetinn WasheliahdacbyvadaingILatisNB RS (49 33Be flexible
0.24 mol) and bis-norbornene methoxydimethylsilane (SiX, CAS No.

wid oS IAE A e 05261 Mabldd0AYypedatexidatiospinbibiiemaarniaele, the
Irganox (registered trademark - the same applies below) 1076,

ligheawfaaipradnnCina) ppeviady aheemiaalsohadrytovsn (iNewsYBsksEtand an
(0.59), and Irgafos (registered trademark - the same applies below) 168,

opriediwfiaaiuiie chbie g i eosppayleiBch? 39)) 2o00143] o8 8HEcropR Wodrd]52 1
[0109] A coating film was formed by coating the above described core

ofitdEnistoadbod o P hretbytrad texaphitiadaie: (REIptidnd waingw dlofigning body 21
blade. This coating film was then placed on a hot plate together with the
of RETTTehibanchbliéex AAs a result, a dry coating film (i e , a film material for
foirning a core layer) having a thickness of 50 gm was obtained. Next, first
[owlpgviolet light having a wavelength of less than 300 nm (or 365 nm 10or
less) was irradiated, (in an irradiation quantity of 500 mEcm?2) from a
high-piigsstitele 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 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
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
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]

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



10

15

20

25

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 gcore layer was obtained. 15Note

that the thickness of the core layer was 50 gm, and the core portion was
offefeneathaving 8osfiiptR & esshseriemiesecthn lenathabRw aidevashe

50 gm and in a rectilinear shape extending over the entire length in the
lolgngiticinal diestian el thres iy aitaptcalr vaiaidRridhld]d, and solid

20[Preparation of a cladding layer formation film material] 69 Firstly, a
peigEiN@E AN eaEn Ve Mty Ethy] glyieidY L eliltei BeiDERIEN sides (i.e., both end

(AGENB)-based polymer (wherein x = 0.77, y = 0.23, and n = 10)
pR¥presaaldyibrioHnNING Gitigtufahddmaual (Soenudine phras2 1d. Tt is more

synthesized. Next, this norbornene-based polymer was dissolved in
prafenybleofis thilmrensoathatad AQoyidabacpial oles palutied was piapssebatA

cladding varnish was also prepared by dissolving in 50g of the above
inpRiyEs eispdution thaatypsp aidexisiaiiode fohiliigrs sdaiaiedf, thgastss BORG24 and

(0.019), and Irgafos 168 (0.0025g), both manufactured by Ciba, as well as
that secatet phntchacid inthidie p (o -B8Ranaitifadtubdity toayef ihk dfgeal

Co., Ltd.) having an absorption maximum wavelength of 335 nm. 10Note
wilagibe fothenpdledpmr. weight of the synthesized copolymer was

measured using gel permeation chromatography (GPC: THF solvent,
[opOdstyrene reduction), it was found that the mass average molecular

weight (Mw) was 75000, and the number average molecular weight (Mn)

was 300@ds Actioatinghdihe MaS flormiexitly cddng Ahis mieddbifvengsh a

onto a polyethylene 15terephthalate (PET) film using a doctor blade. This
dicasitng i nenshithentdriebeindingrie btogetheat withethebREDdAYR 40 thatreover,

dry coating film having a thickness of 20 gm was obtained. An excimer
thtafexihiasth&n2iora digted datbstiuis ey dteatibdefindgdas thhdorgntredaleson that

having a depth of 7 gm and a width of 100 gm, so that a film material for
calowmithg cfacdingaleserns evasmoiniabwely @iletodie wotkinmste pjrclingdgositidngle of

where the
the flexible wiring substrate 23 in the bent portion 24W.

[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.

[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

described.
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20trenches 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 I%¥er, all of the portions that were
exposed on the two surfaces of the core layer of the core portion were in
[og¢gnfact with an air layer that was secured in the optical waveguide
25forming body by the trench portions. 70 [Compound 2] [0112]
(Extrgraration of a material laminated body and 3-layer optical waveguide
(optical waveguide forming body)] Next, the cladding layer foirnation

[Plibparaaier sl wasoretedawadrofitthadidihlfilm, and one layer of this
material was laminated onto each one of the two surfaces of the core

layer sq libayiadrtaiaiiakl aninagpdipeehy iasing actbayRhsthitahse wWase
farmed. 10 Next, this material laminated body was loaded into a laminator

(dsRiNBI-BAsed polmwas Gosipiessed. iy, § minesesnalt m-pryssypieseédb MPa
S0 as to become thennocompression bonded. Thereatfter, second
follskaiviglatlightavashitagi@eshfsuan iryadiatipinigyadtity ofdQ0tmdEcm?2)
from a high-pressure mercury lamp or a metal halide lamp via a
nomsutalargbhst 8 guligthbttenthdit adekdiesnwaitelengthstbi000nmoerclgssdymer
onto the material laminated body at room temperature and at normal
sopueissuvas pitpaitbd: irrblkatforeeikihisndd RHEOEIDGISILPEIORENAITANTIOR Q0 74
body was immediately heated in a dryer at 150 C for 30 minutes so that
(Ghs oladdisglayer-fyrpation firpaserial waselrad(i.enl folfeaethtdene chloride)

cladding). Accordingly, the strengthening of the adhesive force between
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
(PCy3) 2 (OAc) 5 (Pd785) (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.

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
(42.03g, 0.24 mol) and bis-norbornene methoxydimethylsilane (SiX, CAS No.
376609-87-9) (7.97g, 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).

[0108]
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20the core layer and the cladding layers was completed. As a result, a
rectilinear 3-layer 71 optical waveguide (i.e., optical waveguide fonning
body) having a width of 0.5 cm, a length of 10 cm, a core layer thickness
of 50 gm, a cladding layer thickness o %O gm, and an overall thickness of
90 gm (i.e., the sum of the thickness of the single core layer and the
[Abiskpgsses of the two cladding layers) was obtained. 5[0113] Note that
the internal air cladding portion was fonned by the trenches fonned in the
cladding layer fom ation film material over a range which excludes areas 2
cm inwards from the two ends in the longitudinal direction of the optical
waveguide forming body (namely, in a range of 3 cm on both sides from
the center in the Iongitu&@@d&e&ﬁlﬂmmcal waveguide fonning

body). The obtained opti

the width direction of the optical waveguide forming body, and 7 gm in the

thickness direction of the optical waveguide forming body. [0114]
[0{@omparative example 1) 20A 3-layer optical waveguide was prepared by

performing the same tasks as those perfonned in Example 1 apart from

omitting ¢betiing fdmwakioghsie b yesatiethénbxandpleribahnsbre varnish onto a

theinocompression bonding a cladding layer foination film material on
poMhtty ksee airephhid o EENonnethgatddtterddnddaydrhif kisaviigs fikemas then

as Comparative example 1. This 3-layer optical waveguide was solid over
plitscdnttire lenglat2 Sogdtied ovidittdiPd diieationl dize{D1143 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
or less) was irradiated, (in an irradiation quantity of 500 mJ/cm?) 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.

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 um and in a
rectilinear shape extending over the entire length in the longitudinal direction of a
three-layer optical waveguide.

[0110]

[Preparation of a cladding layer formation film material]
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(Measurement of the increased loss value) A test piece of Example

1 and a test piece of Comparative example 1 were prepared, and the

measurement of the increased loss value described below (see FIGS. 5

17A and 17B) was perfo Firstly, as is %Igown in FIG 17A, a test piece 40

was mounted in a stretched out (i.e., unbent) state on a stage capable of

makingips@giselsaokRmRne b D NP pRistaN S8R HlotHIEXbBodiRial end

(i.e., an end portion on the opposite side from the laser light source) of an
(AuHoei-sidedpuliimadevtibeid2 thatrmas-comieatrrite adasepkgbid by the

10source 42 (i.e., a laser diode) having a wavelength of 830 nm was
folllaeRE 3gaist0ferenth Chapeuiri RYRias Shenefifis teserieadst0, while

a distal end (i.e., an end portion on the opposite side from the optical
nd?BYREM Ao A erissidisdE Midttiesls ibkeds thahwas20 wt%

connected to an optical power meter 44 was placed against the other end
capblitth €086l ROGHONR baefaparesOeiaaly e mekieyaorien plipadsaitibidissolving

multimode fibers 43 and 1545 were filled with matching oil 46. Next,
inth@glaselidight wopsbmt? swasioperated seschl hratinker ihgitikayiagaly, Irganox

wavelength of 830 nm was output, and the precision stage 41 was

100166 (ate tegnch ¢ ertefied 68 0. Tat e tauipubvafuen fradrbihe ibpticahpiwen second
meter 44 (in other words, the quantity of reception light) was at maximum.
phblie dig b tiiiidisity IaS- Bsemmestauted dyyiTe yOnktivHepowe Lideteavidg an
The optical intensity at this time was taken as Po. Note that in order
atarrphisrceniénngntos e eador o) efiieently a precision stage 411 for
precisely moving the incident-side multimode fiber 43 and a precision
stage Abz:forapreaiaehe nmoliogliheveighs sibthrsigdathuglitiniode dilyatet vaere
also used. [0116] 25Next, as is shown in FIG 17B, the center portion in
mtasul@dgitiekingdl gicaatiotionf chddinatteshphe &R0 VidsHent 80, pedyeesene
around the outer circumference of a stainless rod 47 having a diameter X,
rednctithg, muitifode dibertsid3nend 4eweceplkcethagaipbt (Mestywoasdo@d, and
the test piece 40. While this 90 degree bent state was maintained,
theantahagadjastmentobs perfbrirel imtiss38aote way as in the above
described measuring, and the 5 optical intensity was measured using the
opticalApovaengnieberwidk fbinadabbying tingttinasladined tortish tast pipelyetBylene
using the stainless rod 37 was vertical bending. The optical intensity at
tetbph tialetovdEfBkBhragsiig 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 um and a width of 100 um, so that a film material for
forming cladding layers was obtained (trench working step). The positions where the
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

forming body by the trench portions.
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Note that in order to perfoirn efficiently the tasks of bending the test piece
40 by 90 degrees using the stainless rod 37, and of stably maintaining the
test piece 40 in a 1090 degree bent state , as is shown in FIG 17B, a
supporting plate 48 was fixed onto th Brecision stage 41 so as to be
perpendicular to a top surface 41a of this precision stage 41, so that the
[otegt piece 40 that had been made by the stainless rod 47 to conform to the
outer circumference of the stainless rod 47 was pressed by the top
[Criaaemd 2 of the precision stage 41 and by the supporting plate 48. As a
result of this, one end side in 15the 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 fo con supporting plate 48. [0117]
20Four test pieces of Example pjeces of Comparative
example 1 were prepared for ieces. The above

insertion loss Px in the test icgg when vaxticgl bending was applied
thereto (hereinafter, this may be referrefq togé,vertical bending insertion
loss), 25and insertion loss Po measured when the test piece was
extended in a straight line 74 (hereinafter, this may be referred to as
[ondefjlinear insertion loss), was checked. The vertical bending insertion
loss was measured for each test piece in the following sequence, namely,
[Préparntion dicmedesildhihie atlibleds sodl 34 lhyeaodidcahmavedaeidd Wwpsdal
mm, and when it was 2 mm. Namely, for one test piece, the diameter X
whoidindsfami@gs bodly4]7 was altered and the measurement of the vertical
bending insertion loss was performed three times. The results are shown
in FIGN&t, the dodeitiatayetiformeadsu fdimeniofitievae ficdtdewdinfrom the PET
insertion loss, half of the diameter X of the stainless rod 47 foilled a bend
filradinsl Bothhalyts apdlisditodhial test pisdeatdd dihe dhdnadifithoftthestesices of
piece 40 to which bending deformation was applied
the core layer so that a material laminated body having a 3-layer structure was formed.

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
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

the core layer and the cladding layers was completed. As a result, a rectilinear 3-layer
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10 when vertical bending insertion loss was being measured was 5 mm
when the diameter X of the stainless rod 47 was 10 mm, 2 5 mm when
this diameter X was 5 mm, and 1 mm when this diameter X was 2 mm. In
FIG 18, the bend radii are displayed as R5mm, R2.5mm, and RImm to
correspond to this. [0118] 15In FIG 18,]the horizontal axis is the number
oplRcaieckianthe (iest pieicel (vevethade sbpieee byaynPenians vhettest RRees a
having the numbers 1, 5, 7, and 11 are the four test pieces from Example
ledgtidife thedamaiRing doResRIBCESS areiiant ediparsidy ehexaiefRlef20Asm,
can be understood by referring to FIG 18, in the results of the increased

anl@$s 30cyaludieRsH EPeNinwinentheland itk WrRSsRPMsitgsevrenayer
no apparent differences (i.e., trend) in the excess loss AP between the

arleshpibgaakEenapiavoansitiedesipigens obfanmparative example 1.
However, when the bend radius was R2.5mm, a tendency for the excess

[olpisg AP in the test pieces of Example 1 to be less than in the test pieces
for Comparative example 1 was evident. Furtheilore, when the bend

radiusNas fRimvi ih2bwhaicldaddhal poeiexcess iasscABynHhadach@i€eased in
of Example 1 was considerably less 75 than in the test pieces for

th€clmphnatiugeeXainflgoh. film rhaemialhese 1eshiis Whikssonfitesaethat iin
the test pieces (i.e., the optical waveguide forming body) of Example 1

inwhidh faal die interaadsii dhadoipgtpdiniddiveet®nsethdlgn dievaldindde forming
endurance could be markedly improved in a bend radius of 5 between

baRpioxieigietyalrang 3153 ram of0BAA]s(Spettia exacapler of ehedbhginatiyadf
a flexible cable) (Example 2) A cable body (i.e., an electro-optic composite
dickevice b¥whs ppejoal ech g bledingnitd dotdy pneTiertaceine dhpoitknessuide
direction of the optical waveguide foi ling body of Example 1 a copper clad
fosmingirboe wiidha wasctorenaddoyupdii e g eopgderfitthdoinn petidatevahg@a length
polyimide film (Example 2).
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
optical waveguide forming body had dimensions of 100 pm in the width direction of the
optical waveguide forming body, and 7 um in the thickness direction of the optical
waveguide forming body.
[0114]
(Comparative example 1)

A 3-layer optical waveguide 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

in the longitudinal direction.
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Firstly, a copper clad substrate having a total thickness of 17.5 gm was
prepared by adhering copper foil having a thickness of 5 gm onto one
surface of a base film which 15was foilled by a polyimide film having a
thickness of 12.5 gm. Varnish that inclﬁjed the material for forming the
cladding layer of the optical waveguidéeforming body (i.e., the cladding
[ovaspish 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
(Mehsi@iRityntiRa e whesss thaggmiconductor layer was located. The
resulting body was then dried in an 20 oven so that a dry coated film
havingraudbigheesstaathgne Wasiohiainsidcd aseMPEdng ¢isiagndle | were
excimer laser was then performed on this dry coating film so as to form
pripeiesbakingadepifeaf Jf o frdaswddtRofl00 @itribed Bd16vCORREFIGS.
clad substrate was used in this state without wiring being formed in the

1 2oppen ) Wapelfoithisicopper clad substrate functions as a flexible
wiring 25substrate where the entire copper foil acts as wiring. 76 [0120]

Separaielyioathis skkooar enlayer enl, alagdinigdayorvasmaiionelilin materatd out
(where trenches have already been foled) were prepared. The

(i.mambactusing oieihoshacapitdavaiankisesediio ciea@dhs (ore dgyecialth

5the cladding layer foirnation film material were the same as those
stalesetipe dNexE xadivede dndlhe. hicknespoidhemaanufpciitedidoreotayae laser
was 50 gm, and the thickness of the cladding layer fom ation film material
lighasozcgf an iAdtéerthelidompleinnofite ¢hadidingalayerdermdton fker light
material which is the dry coating film formed on the base film of the
soflexdbie @ising lasdisliate) the ihgaforevakniidnefissorernayes phdalagdingt one end
layer foiination film material (where trenches had already been formed),
ofuiniclvrgsbhieeniantdasttee ghisepdtatehil avedestalminbted suctnthpaittien on the
core layer was interposed between two cladding layer foiination film
oppadacialde Rexi, thclaptinaltpdvbadyidieniidy af totahakfour-iadensuihchodingber 45
the flexible wiring substrate (hereinafter, referred to as a four-layer
thiamiratednbocy)twars dpadeldpimt@ameter 44 was placed against the other end of the
core portion 21a.  Spaces between the core portion 21a and the multimode fibers 43 and
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
optical power meter 44. The optical intensity at this time was taken as P,.

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]

Next, as is shown in FIG. 17B, the center portion in the longitudinal direction of
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15laminator which had been set to 120 C, and was pressure bonded for
five minutes at a pressure of 0.2 MPa so as to become
thennocompression bonded. [0121] Thereafter, second ultraviolet light
was irradiated (in an irradiation quanti%nof 100 mEcm2) from a
high-pressure mercury lamp or a metal halide lamp via a wavelength

the @t ditay hatnetludessmavelrnaisheloded birt@hiermentd theainless rod 47

four-layer laminated body at room temperature and at normal pressure.

haAfigy {halifediadiomafttisnuliisrdatetibehl Ahantoys-layerjriminaiednogy two

was immediately heated in a dryer at 150 C for 30 minutes so that the

erladfling tayeidesmationwiliie matovalivas buhresiitewoediniacladdinging
Accordingly, the strengthening of the adhesive force between 25the core

adpigenandwiiepelacaing layaesivas wanpletate Ao ¢ esudiivetiexdal@iring, and the
belt-shaped 77 cable body, where a rectilinear 3-layer optical waveguide

offfi€éal Diptigdtymayegididaiannng: bedypthiadipgvieiiiteoid).5 Tht, welchgihtoh was
10 cm, a core layer thickness of 50 gm, a cladding layer thickness of 20

appiic drctiantesrgial diicknrgstied OQighessired dTewsismesfithebdtiakiessTietbptical
single core layer and the thicknesses of the two cladding layers), 5and a

infleipyeavdiio gisuhstkate bavingkan overall thickness of 17.5 gm, a width of
3 m, and a length of 10 m are mutually bonded together, was obtained.

The opliseltiaieguike topaifugrhedicread posioneks iofthendaeicofktigicce 40

width of the belt-shaped flexible wiring substrate, and was foilled in a state
byodbeingcbonsied dvestihdwniiod gl thtsadlymthetangipudinalsdiseekotd in a

of the flexible wiring substrate. 10Note that the range where the internal
9(aiteglad dinrg patéionsvikashtoimed HlGhE7B, a supporting plate 48 was fixed onto the
precision stage 41 so as to be perpendicular to a top surface 41a of this precision stage 41,
so that the test piece 40 that had been made by the stainless rod 47 to conform to the
outer circumference of the stainless rod 47 was pressed by the top surface 41a of the
precision stage 41 and by the supporting plate 48.  As a result of this, one end side in
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]

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 — Pp) 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),

and insertion loss Po measured when the test piece was extended in a straight line
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longitudinal direction of the optical waveguide fonning body was made the
same as in Example 1 using the trenches foimed in the cladding layer
foimation film material. Moreover, the dimensions of the air layer in the
obtained optical waveguide fonning boﬂy in the width direction of the
optical waveguide fonning body, and also the 15dimensions thereof in the

(hthtigkpess direstioneténgenticalwasatageaiosrmng badywie @ alredhe
same as in Example 1. [0122] (Repeated bending test) A repeated

bendinhtestrbigrecmarticah hensingswasseneaigdlyfappliaoivasielt in the
perfonned using the repeated bending apparatus 60 shown in FIGS. 19A

follod iL8B JQidhe: aahiscemen Bxampiee: X of fiestapR3tadLEneiag 10 mm,
apparatus 60 positions two metal plates 61 and 62 in parallel with each

whther withsangapaadseneiachviaiwaan. themmand fsraddle tiet piece, the diameter X
reciprocatingly move the metal plate 62 in a horizontal direction (i.e., in the

ofl&ft 3ndnlightraddireciioiscia Fiabiht PReanialehdB) oflgidvaltianlibertidi@insertion
plate 61 which is fixed in a 78 desired position (i.e., is a fixed metal plate)

lowehilesrpaifiatvaghilee gapsG. Hesenaftearthaonatah piEte Isaving the
symbol 62 is also referred to as the movable metal plate. [0123] The test
piece 8B wasabanthie raddsshapenaotihosiioosicbbedivgansite dwivsssciialf of the
5plates 61 and 62, and the two ends in the longitudinal direction thereof
diwaeecfixeofthi¢Reainless rod 47 formed a bend radius R that is applied to the test piece
40. The bend radius of the test piece 40 to which bending deformation was applied
when vertical bending insertion loss was being measured was 5 mm when the diameter X
of the stainless rod 47 was 10 mm, 2.5 mm when this diameter X was 5 mm, and 1 mm
when this diameter X was 2 mm. In FIG. 18, the bend radii are displayed as RSmm,
R2.5mm, and R1mm to correspond to this.
[0118]

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
value measurement, when the bend radius was RSmm, there were no apparent differences
(i.e., 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

was clear that the excess loss AP in the test pieces of Example 1 was considerably less
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metal plates 61 and 62 using fixing jigs 64. The movable metal plate 62
was then moved reciprocatingly at a stroke of 1.5 cm in order to impart
repeated bending defoli ation to the test piece 63, and the condition of the
test piece 63 was visually monitored. ]7 [0124] As is shown in FIG
19A, the test piece 63 was mounted by being bent in such a manner that

thiaihahthe gprERVEaighadwsnsipipates 61 and 62 confoirn to the

bend radius. In the test piece 63, a sufficient length was secured between

the poFriensiHderesing ive fnds ihe leagitudinekdpretion werkefoRit 40
the metal plates 61 and 62 15(i.e., the fixing jigs 64) such that the bend

wheiusderoaiied sanstanExdiglthe weMahiel aictacphale B2 MaEIRPviR®n were
along the aforementioned stroke. Note that the mounting of the test piece

used, Was aiicfirRthgushiliratosticial iendimgds apphiedetheratbed@ 1284 61iS
shown in FIGS. 20A and 20B, the tests were performed with the optical 20

betaygapgeofamataty hadyl 215imthe bend portion of the test piece 63 facing
towards the inner circumferential side of the flexible wiring substrate 23
[0(g®¢ FIG 20A - this is referred to below as a first orientation), and with the
optical waveguide forming body 21 in the bend portion of the test piece 63
(Sleiity towarsls e onbes biduotfentialsidelef the flexible wiring

substrate 23 (see FIG 20B - this is referred to below as a second
(EZaapdntytion). 79 Note that the gap G between the two metal plates

61 and 62 was set to 3 1 mm (i.e., a bend radius of 1.5 mm) [0126] The

resultsAotdbiis xpefiment wleceraspokbawnigasite e vict) evaapeephibd by bonding
onto one surface in the thickness direction of the optical waveguide forming body of
Example 1 a copper clad substrate which was formed by adhering copper film to one
surface of a polyimide film (Example 2).

Firstly, a copper clad substrate having a total thickness of 17.5 pum was prepared
by adhering copper foil having a thickness of 5 pm onto one surface of a base film which
was formed by a polyimide film having a thickness of 12.5 pm. 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
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 um 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

substrate where the entire copper foil acts as wiring.
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5second orientation shown in FIG 20B, the optical waveguide fonning
body 21 was fractured shortly after the reciprocating movement of the
movable metal plate 62 commenced. In contrast to this, in the case of
the first orientation shown in FIG 20A, even when the reciprocating
movement of the movable metal plate 62 was perfonned 80,000 10times,
[otizere was absolutely no sign of any abnoilality in the optical waveguide
fonning body 21 of the test piece 63. From these results it was clear that,
compaggshiarénetserrng aiieMatipamdheatiidiptgodtranacoafihe satisall
waveguide forming body 21 in the first orientation was markedly improved.

(whaecinerRass Hdosslvalus toanssiasig v deseenadavith reference to FIGS.
17A 15and 17B was perfon ed for the test piece 63 that experienced

80,000 reGipresaAingiMONRMeA M Hb e mavablesslatat platetbe dortiaydisind
orientation shown in FIG 20A. The results of this showed that the

theagtiiogay lngetiemioss file inetveitli oarbendiashingeios hssietein Example 1.

approximately the same as in the test pieces that did not undergo the
ThiepeiatedRendirmies (forexhoopidaiike westjiecasanadvinahingmesnbetse

(i.e., the test piece 20numbers) 1, 5, 7, and 11 in FIG 18). While, excess
clinssnyas,/alorifhet kanfidnasniatdiiel test piegas having the numbers (i.e., the

test piece numbers) 1, 5, 7, and 11 in FIG 18. [0127] Note that the

preser frevehdioonip leabliroitadt iddiiéiabhyerdeserition ghinbadisnantstdciis the

appropriate modifications may also be made. 25(a)lt is preferable for the
drsangeinghfhe tioeneteonahaibaladidimg fxbetidexid kowineak ouBtile, the

longitudinal direction of the cable body and the optical waveguide forming
afbrayetoibeedicet (aeer lonbek)didiap e defonatiog Saatinaediltheleptioahches

waveguide forming body and the cable body and to include these defoiling
haskediients. btowévetedhewirebdnid 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
laminator which had been set to 120 °C, and was pressure bonded 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
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.e.,

formed into cladding). Accordingly, the strengthening of the adhesive force between

the core layer and the cladding layers was completed. As a result, a flexible belt-shaped
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invention is not limited to this and appropriate modifications may be made.
For 5example, it is also possible for this range to be equal to the
deforming sections of the optical waveguide forming body and the cable
body, or to be narrower (i.e., shorter) than the deforming section and
within the range of the deforming section. Furthermore, the present
calbéesHIRN whdYedl sece @APIoMe dribpiEHC v esswidere. ene pitiEvanssniat
the optical waveguide forming body in the longitudinal direction thereof is
fol@ig®aE RRaldiaternrdtRis olasidinganentenef(b) bmthecakoms dabibesk of 50
embodiments, a cellular telephone having a structure where a transmitting
pi)igrEpH@Rg, |aye AtHRRAGs A3 A fhansAdSsioRcud teceiRR £ Yihafee., the sum
provided in a first body, and a display unit is provided in a second body is
ofilnstiatedas aniexamplecofdhgyeelibipmhiciriphans &f dhehpreseahinientigrers),
However, the present 15invention is not limited to this. For example, it is
andl aalpeRS G i g Sebsteal Wayiph an @ Wik rehiderdispday T8iLis NoWRIOVIFedm,
in the second body and is only provided in the first body. Moreover, it is
andl 90 PESSIBIE touse: anstiathy e idedre getlam evasispamdded Théhgficat
body or second body. Furthermore, the camera, display unit, antenna, and
wiRansiidis siemiagct sdgepiiopositiit dnayHec piicari d€ chivaidie b fheefsek Baayed
or the second 20 body. (c) In the above described embodiments, a
fleabidavipingnatstitustiated aviieradl light eattingetherbenddd previdedinire
the first body side and a photoreceptor element is provided in the second
lehgditisican fiiowe Vengitidiald el pessinl e fiche Migtiyl aveiringtsiesirhere a
photoreceptor element is provided in the first body side and a light
emittinga2delemientasgeroviciedlin iieraecondlbadiyi sisatibdrissalstopasgibiehe
for light emitting 81 elements and photoreceptor elements to be provided
loirghodint el fiestibody tied phie dacorginddyoanth fdsdie winotarécdpteame as in
elements and light emitting elements to be connected using the flexible
Excahpdeak asndirttyctarthehpsdoemt inirethidariagditiatag ptitainsigioal i loambeerial.
transmitted in both directions. 5(d)The electronic apparatus and cellular
Mphanenfiibdipraseotimfehtiair Ergenot thmivdthioedtopeicaes dheguide farming
flexible cable including connectors.Structures that use flexible cables that
badly motlincludié donceoiarSthespisnlinclueadd dfimelyg bislglsodadssithle to
employ a flexible cable that is foilied solely by the above described optical
dimansgusddaoi g lizodiycknssl diyebiidhe aho wp ded oribbegwabléobothg body

were also the same as in Example 1.
[0122]
(Repeated bending test)

A repeated bending test where vertical bending was repeatedly applied was
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.e., in the left and right

directions in FIGS. 19A and 19B) relatively to the metal plate 61 which is fixed in a
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10In this case, for example, one end of the flexible cable in the
longitudinal direction of the optical waveguide fonning body is fixed to a
position where it is optically coupled with the optical element provided in
the first body, while the other end is fix]%d to a position where it is optically
coupled with the optical element provided in the second body. 15(e)The
deslesdrpsipitistiwnend aktaeniaspnidnvantiomasnahiipitee dophgingRreinafter,
cellular phone. Electronic apparatuses to which the present invention
theanebe FaRliesh e @lesiianit apRAdRYIseSikRal uslRgHR inst HednRfabliab.
electronic components are mounted, a second body that is able to move
[oneJatively to the first body, and a flexible 20cable that is used to transmit
signals between the first body and the second body, and the electronic
appardgthsestoiaden thes pegenhinveanijentanheiappledtinctudasaivo metal
instruments that correspond to this. For example, in addition to various
pliypesiofriectrendcleppasaiuse fiayiogdnaviabllnispiay thareisvtie Abaye the
described cellular telephones also correspond to this type) such as
mpRIsHNRs carnpiEd si{higiehaokjtanpputeThe hrndide skiap sarepaters then
video cameras, digital cameras, game machines, electronic 82
mdiciioraescRDA | pesanatdigitab aasistands) tandpaeaspeingdi bstidiments
such as testers and the like, various types of instruments having electronic
dedontrai snechhdisspisuelo BaivartdausobydiasndNbe contpidsvashine taalslly
and the like are also included. Moreover, it is preferable that the electronic
mapjparaius of the present invention is 5one where the relative movement of
the second body relative to the first body can be freely perfonned within a
[opd3et range (the aforementioned various types of electronic apparatuses
having movable display panels correspond to this), or one where the
relative srioyeovaniroF I6e19ecahd tosdyidedaidve 4o taifitsd bpdyiise bent in such a
perfonned within a preset range by a drive apparatus that is used to move
mihesehenich Hadithe iztpy &l b tontben fikst thady.e 0 Wlateod & rithé 2tecifamnicto the
apparatus of the present invention has a structure that has a defonning
beselatadinto winicheliesigirng d&Foanatfoneist &pplikdvis conjuitttietwedthtblegortions
relative movement of the second body relative to the first body.
whare tigdihvoss it sisthedivrgi isdome direteothe air fayeel tis theawidebpédtes 61 and 62
position which is on the outer
(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
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 is
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

orientation).
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circumferential side of the core portion when bending defonnation is
applied to this 15defon ing section. In other words, this structure is one
where the bending defonnation that is applied to the defonning section of
the flexible cable is applied in such a c}iéection that the air layer becomes
located at a position on the outer circumferential side of the core portion.
[Industigleanaligrbilfy I 2MBE28] the tA6GALINGI G QIRCBORIE ARPAFUSIm
and cellular phone of the present invention, in an optical waveguide
(i formina badyeior flexkig)cable, an air layer is provided in a defonning
section which experiences bending defonnation as a result of the
[omx®jement of a second body relative to a first body (either a pivoting or
sliding movement), and the 25position of this air layer becomes located on
the outedissulisfef eiiitialxpiclentind were whienoWw3 theusefprmite sesdionthe
undergoes bending defon ation. As a result of this, it is possible to ensure
sesufficie dnfieidniiho andd o Bis 0GR ey eptitdMpiovarmknioiiing fldingl was
endurance of the core portion. Accordingly, as a result of the improved
friotdiag ¢euyaitee ofcthe ppdicalnravegttica fofitiogrooayl againspieRaied
bending, it is possible 5 to ensure sufficient folding endurance to make
capassiledthe practical utilization of an optical waveguide farming body.
Moreover, it is possible to suppress light loss and achieve high-speed,
large-c¢apasatividrangiiisisiohs @ygen vhe fitfie opiaabyaveguideHEENMI0Y, even
body of a flexible cable experiences bending defon ation due to the
whelatherenpretaeng ohthensanasfdizody vebddivetd et wadpeAfo[aidRq0,000
Moreover, if the method of manufacturing an optical waveguide forming
tithedyhektheaprasehituty elotiignie Lty atin dhe diry diutie: opthe flexikiguédblierming
of the present invention becomes a simple one. Because of this, it is
balyszibdé fioe abtaprictieecdptidabwmiatieguirderferinings bty tihtheofigxibié wathle
easily and at low-cost. 15 84
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
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 pieces that did not undergo the
repeated bending test (for example, the test pieces having the numbers (i.e., the test piece
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.

(a) It is preferable for the range where the internal air cladding portion is formed in
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What is claimed is: 1.An electronic apparatus comprising: a first body on
which electronic components are mounted; 5a second body that is able to
move relatively to the first body; and a flexible cable that is used to
transmit signals between the first body, and the second body, wherein the
flexible cable has: an optical waveguide farming body that is made

thefsasituandiigitiexibleameeisabMaIRE ima Brelbphanesak adingafcshapebody to

and a deforming section that undergoes bending deformation in

bRengti@n vt g 4eliadveroaraipestfihersgeopd o velative feriiag body
first body, and the optical waveguide farming body has: a core

andatiofabeajendsditomirnaivdiradairectieatafiiie opicalwaneguident
15foiming body; cladding portions whose refractive index is lower than

inthatioh theneorenpedtionhatchd apprOpfiiesmadGifi Aadaingayast amtiat isén
contact with the core portion at a position thereof that corresponds to the

exdefpreniog sectipssabtbeoliexiblagaile wnethat lisderparates stesnabaihe
layers which extend in the longitudinal direction of the core portion, and
opMbglr@ifiveguide forming body and the cable body, or to be narrower (i.e., shorter) than
the deforming section and within the range of the deforming section. Furthermore, the
present invention may also be employed in structures where the entire length of the
optical waveguide forming body in the longitudinal direction thereof is formed as an
internal air cladding portion.
(b) In the above described embodiments, 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 illustrated
as an example of the cellular telephone of the present invention. However, the present
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
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

element is provided in the second body side. It is also possible for light emitting



10

15

20

25

the cladding portions are internally provided with either one or a plurality
of core portions that are placed beside each other in parallel rows, and the
air layers are provided in the internal air cladding portion so as to be on
the outer circumferential side 250f theSciore portion when bending
deformation is applied to the deforming section. 85 2. The electronic

claRPARIUE PREIANGHS claiitdts W06 Qird i@-aa6VaehRREYiist Y@ the second
connected via a hinge portion to the first body, and the flexible cable is

bdaigl sl I5rtthp pES HERUGldtER MRS Hrtight andng cldetanningsesiitted
of the flexible cable is located in the vicinity of the hinge portion 5 between

using firstleeiycnd hecseesng taady pRsdiiemiaaitanic appaptits deaardiag be
to claim 1, wherein the second body is provided so as to be able to slide

tragdativelyitovbe firsddeiedy. along guide rails that are provided in the first
body, and the defonning section that undergoes bending deformation 10in

(dgonjunthioBl¥eitidhiteaplidiagnarneroRite b s e aropbadytralativiioioaiReot
first body is located between the first body and the second body. 4. The

liralegtronicappasatus accofiirb o elbimdsindiegaiontine @is|ayessractires that use
provided in the internal air cladding portion of the optical waveguide
fldeitningbieslyhat dokpostiade whitle dsoaratbalkingk kidedmieremiay, Side #ne
at a position which is on the outer circumferential side so as to sandwich
pdibtere gapion whenbhe oshngthiafanfdatied islappliedhodhe detsiritg optical
section. 5. The electronic apparatus according to claim 1, wherein the
wilexghldecavtaihgaddbie @&Osolelicdlywiay elpuidel dorribad dabditybadyl a

belt-shaped flexible wiring substrate that extends the length of the optical
waveduide feasinfpbechnane mbended decthexdptcableavateidadonding
body, and bending deformation is applied to the defonning section in
distcioa ditketopin thibtvtive gupdic dbmave duidie i foficad goboplysis dacatedeanithe
inner circumferential side of the 25flexible wiring substrate.
optically coupled with the optical element provided in the first body, while the other end
is fixed to a position where it is optically coupled with the optical element provided in
the second body.
(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
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 all
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

and desktop computers), video cameras, digital cameras, game machines, electronic
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86 6. The electronic apparatus according to claim 5, wherein 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 og)ﬁical waveguide limning body so as
to be 50n the opposite side thereof from the optical waveguide foirning

dibeshasendwiehiperioaarasattilmssiéahity, alerheRicaRpaiatumaseidingd eesters
claim 5, wherein the first body and the second body are each provided

andithedikabiaeonNgping fasiominag has s ighdtamitlingh OPIBEORMIONA such as
photoreceptor element that is optically connected to the optical waveguide

vatiBongRedy Nictheftexibiatamiaoandndtihanielaetrade peortigaithat is
electrically connected to a conductive circuit formed by the conductor

layer a¥diedlexilideswidng b sinate of e feiibis sable otk the fiexibleention is
cable has connectors that are located at both ends thereof and that 15

ory & hisedHio eleaie aliealaaviestionsohevdendhe apticalevavepsdge faibe
ing body and the optical elements, and to create electrical connections

frgivyrefihe Conductiyesisctihfel (gd bjvtbeaandidatontaysipidheffigxtnlenic
wiring substrate and the electrode portion. 8. The electronic apparatus
appacsidinchin elgimoGabibdigimiheafietd batyspastitheth?d), secardibeey theaelative
each provided with a cable connecting portion that has a light emitting
melement of thgrotai¢bepiorctigmanttteaiis bptigallpadnmesatad doiepreset range
optical waveguide limning body of the flexible cable, and an electrode
bypotidre tgias wletiiicalyab nnectedtie second botlyediaduil faunkee fbytthedy.
conductor layer of the flexible wiring substrate of the flexible cable, and
Manthechakibldecable hasacnnecfahs praicaddoeatied ahdotractdstiiardok a
and that 87 are used to create optical connections between the optical
defavagypiske fioih itngathocty tanditiedo fiicad tidaisepisliadh th iooajeata el ecitlichk
connections between the conductive circuit
relative movement of the second body relative to the first body. Furthermore, this
structure is one where the air layer is provided at a position which is on the outer
circumferential side of the core portion when bending deformation is applied to this
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]
[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

position of this air layer becomes located on the outer circumferential side of a core when
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15

foiled by the conductor layer of the flexible wiring substrate and the
electrode portion. 59.The electronic apparatus according to claim 1,
wherein the optical waveguide finning body has a core layer, where either
one or a plurality of core portions that ge placed beside each other in
parallel rows are foul ed, between a pair of cladding layers whose
theededstiven nstexibn lanverdbavtiatind theoenrRipRItionsa 2 WBETEI) it is possible
portions of the core layer other than where the core portions are located
todnduadsau ttiei ehadidiaigilayensdatealddaimrd s asiad ding: ROmi e Wi 1a5R;
refractive index is lower than that of the core portion, and wherein the
erdpti@alIvRgUite poraung badyohdisdhe ivteraallasreladeipeopedtionimaere
the air layers are secured by trenches that are foimed extending in the
erl@ngitveishditpeiianoi thenaty €opiitig dijonalinns dpeing thengorg Nastiisible
of either one or both of the cladding layers on both sides of the core layer.
to Epsi. sTifcaigciiditeanaratids acenidpoddnlain Qravhieskinithataief an
layer of the optical waveguide forming body has a cyclic olefin-based resin
opakdhe prpaie Mateiial beyeofyanebike, doikepposting is Jopiesk bighingoss and
irradiation of active energy light rays or electron beams onto portions of a
achiyeclaye-ipatnateddagmthatisdatReidhycade sinc20bevpasitionwporR
refractive index is changed by the irradiation thereon of active energy light
forayia @b aleairanfleefirse abl yxihei apgidadictinih degdonaitheadueltd. the relative
cellular phone that serves as the electronic apparatus according to any
movenaiclaing icduialigbdiGelBdvE 20AHteiibidadyple that is provided in an
electronic apparatus that includes a first body on which electronic
[0¢@fiponents are mounted, and a second body that pivots or slides
relatively to the first body so as to serve as a signal wire that connects
togethkfdibe fost bhdynaniabthef seaond doadlyg aomptiisinyabSeguaktitaining body
waveguide founing body that is made of resin and is flexible and is
of the present invention is utilized, the structure of the flexible cable of the present

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.
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founed in a belt shape or a linear shape, and the optical waveguide
founing body has: a core layer where either one or a plurality of the
core portions of this optical waveguide forming body that are placed
beside each other in parallel rows are§2uned 10between a pair of
cladding layers; a cladding portion where portions of the core layer
wathes thamwdgre the core portions are located and also the cladding
layers have a refractive index which is lower than that of the core portions;
and an internal air cladding portion that is located in a center portion in the
15 longitudinal direction of the optical waveguide founing body, and where

1.air layays ¢hat@igdagsoniasd ythptigngore portions are secured by
trenches that are founed extending in the longitudinal direction of the core

portionsfifsidcdijasWacing herepieJoaiponsnef dhenctageiag layers.
2013.The flexible cable according to claim 12, wherein there is further

providedeadicitbsbiapesd flexdilecviiong stlbstreietthakaidamddhenéngth of
the optical waveguide founing body and is bonded to the optical

waveguittefeligringl dody isldsddhe fiexibia caphalateordigihe Carbod, and the
wherein the flexible wiring substrate  has an electrically non-conductive
sebase Bibay, ang@iaonductor layer that is provided on 25one surface of this
base film, and 89 the conductor layer is bonded to the optical
waveghigdéidoibhingtiedysso as to be on the opposite side from the optical
waveguide forming body via the base film. 15.The flexible cable according
to claiam bptiedieveir ghaldexiblemgaloldyast ¢onndetof sddiataarkidatatddeaind is
both ends thereof and that are used to create optical
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, 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, and 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.
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5connections 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 conduct%g circuit farmed by the conductor
layer of the flexible wiring substrate. 1016.The flexible cable according to

2.claim Fhewhetainithepasiiecablaihasocanmeclorhdhah ane iecatadady is
both ends thereof and that are used to create optical connections between

pitheaepticahRiements Providasbit sheoalectianisoappaiatus and the optical
waveguide forming body, and to create electrical connections between the
electraniclireblitscpbayvideddnrdhs elgpioniagpaiatiaansbitieandustve
circuit farmed 15by the conductor layer of the flexible wiring substrate.
defdrAimeibatbaionmaliacibiingise Qpicakwayaguidadioynngoedgdpatimn
made of resin and is flexible and is foirned in a belt shape or a linear
bestvape tlantrthabipana cerect@yerfiaying 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 20core portions
and of the cladding layers is lower than that of the core portions; and an
3.interndltairctiadding gppdiandhatisdagaiedliim centergantiendaoiebody is
longitudinal direction of the optical waveguide farming body, and where air
prisyides Hoadsareho atdatacilitihelagvedyapiidifng bodselueguiyetreitchies are
that are farmed in locations facing the core portions of the pair of cladding
priayides, ithehen@thiad dprapdidiegle2aanagredayet thamaiiersstabevidetg dafi@imation
ultraviolet light has been irradiated onto 90 portions of a core layer
infosnjatictivfilmithale ridldihgteoniaias affiist gvoial doidy gelaeratinglaghnt body is
that is activated by the irradiation thereon of ultraviolet light and generates
loaatalChd twezpdlyfiest hadingnd thawechaib@tyd a leaving group that
branches off this main chain, the core layer formation film material is
heated so as to create a refractive index 5difference between irradiated
areas of the core layer formation material where ultraviolet light was
4.irradialde akdtnoneimatieted areaslitnete ofairhdresbitrairialet dighdywesanot
irradiated, and so as to also cure the core layer formation material and
prthededyrethabiednalcore laldn g ptire aptiCtiowavieguide égnldwgfhodingdbdy at a
obtained; a thennocompression bonding step where a cladding layer
pdarmatdndiins dilteatedakitanh@sctiietedched @re fosimadvoindns on the outer
surface thereof and that is foi med in a film shape from a material that
cicomidénsnd deodnsb phstosacity gparibeating pgenhtivathasraloiffdegotmation is
absorption maximum wavelength from that of the first photo-acid
appérédratihg defennangsticavis activated by the irradiation thereon of
ultraviolet light and generates an acid in a polymer having a polymeric
group, is thennocompression bonded onto both

5. The electronic apparatus according to claim 1, wherein the flexible cable has the
optical waveguide forming body, and a belt-shaped flexible wiring substrate that extends
the length of the optical waveguide forming body and is bonded to the optical waveguide
forming body, and

bending deformation is applied to the deforming section in such a direction that
the optical waveguide forming body is located on the inner circumferential side of the

flexible wiring substrate.
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15sides 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 foimation step where, after ultraviolet light having a
wavelength that includes the absorptiq) maximum wavelength of the
second photo-acid generating agent but does not include the absorption

6.maximpip Wasedanaibpking ficsbriatonaeigiZ0yenesRinghagrRribIasvaess

irradiated onto the material laminated body, the material laminated body is

sube@iesse fhalltoeickagdiog-ayriiterveatiee film, mataringuetsethprdihes

cladding layers are obtained. 18.The method of manufacturing an optical

prosadeduislefbxingriedyf aasvdinglia, 2aalaim 17, wherein, in the
thennocompression bonding step, a varnish that contains the 91 cladding

layer faHe atndusiatesipdrss ¢ated o5 tacopesile wvisingdeubshiale 56dgSias to be
form the cladding layer formation film material, and this cladding layer

orfehenapiessfibeideatesied Bfiona e pptaiel yvaaaufactvied Gladdingadayeiching the
foilation film material and the core layer are mutually laminated and
bdfefilmecompression-bonded together. 5 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 norbornene-based polymers. 10
7.20.Tha heeikod wfimapafacivno@atingatcahinayegideifixirgibadydy and the
according to claim 18, wherein the polymer of the core layer formation film
semaid bad aact enthepoldaewidthe ditdcbngeleyer pormnationtfias mApdtiamitting
are norbornene-based polymers. 21. The flexible cable according to
cletadnt d2a pheresrdheflekiblencalleihastanlkbcoptieakwaydguigaddrmmingguide
body manufactured using the method of manufacturing an optical
fonwairechude o6t i hibttycabbyrdidgvichclaishetiode 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 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 substrate and the electrode portion.

8. The electronic apparatus according to claim 6, 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 located at both ends thereof and that



10

15

20

25

22. The electronic apparatus according to claim 1, wherein the flexible
cable is the flexible cable according to claim 21. 20 23. An optical
waveguide forming body that is made of resin and is flexible and is formed
in a belt shape or a linear shape, comfgﬂsing: a core portion that
extends in the longitudinal direction of the optical waveguide foiming body;

aré Ddedlaslgivg Peption \WhaRR tisfiabtive:idex plauewiRapiietiofiliecesey and

portion; 92 and an internal air cladding portion that has an internal air

thiaygtidhiadlisrienegniattodtbaibe eetadaptinneIdiendsinibe daagitiinad cuit
direction of this core portion, wherein 5the cladding portion is internally

foplid et Qithes0age b iR Rihengoiepesionsdthal detpddegdrtion.
beside each other in parallel rows, and 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 defoination is applied to the optical

9.wavegnide:fedtrong: Rppyratus according to claim 1, wherein the optical waveguide
forming body has a core layer, where either one or a plurality of core portions that are
placed beside each other in parallel rows are formed, between a pair of cladding layers
whose refractive index is lower than that of the core portions, and wherein 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 wherein the optical waveguide forming body has the internal air cladding portion
where the air layers are 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.

10. The electronic apparatus according to claim 9, 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.

11. A cellular phone that serves as the electronic apparatus according to any one of

claims 1 through 10.
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12. A flexible cable that is provided in an electronic apparatus that includes a first
body on which electronic components are mounted, and a second body that pivots or
slides relatively to the first body so as to serve as a signal wire that connects together the
first body and the second body, comprising:

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

the optical waveguide forming body has:

a core layer where either one or a plurality of the core portions of this optical
waveguide forming body that are placed beside each other in parallel rows are formed
between a pair of cladding layers;

a cladding portion where portions of the core layer other than where the core
portions are located and also the cladding layers have a refractive index which 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 extending in
the longitudinal direction of the core portions in locations facing the core portions of the

cladding layers.

13. The flexible cable according to claim 12, wherein there is further provided a
belt-shaped flexible wiring substrate that extends the length of the optical waveguide
forming body and is bonded to the optical waveguide forming body.

14. The flexible cable according to claim 13, wherein 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
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the conductor layer is bonded to the optical waveguide forming body so as to be
on the opposite side from the optical waveguide forming body via the base film.
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. The flexible cable according to claim 14, 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.

17. 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:

a core layer formation step where, after ultraviolet light has been irradiated onto
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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 are 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.

18. The method of manufacturing an optical waveguide forming body according to

claim 17, wherein, in the thermocompression bonding step, a varnish that contains the
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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.

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 norbornene-based polymers.

20. The method of manufacturing an optical waveguide forming body according to
claim 18, 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.

21. The flexible cable according to claim 12, wherein the flexible cable has an
optical waveguide forming body manufactured using the method of manufacturing an

optical waveguide forming body according to claim 17.

22. The electronic apparatus according to claim 1, wherein the flexible cable is the

flexible cable according to claim 21.

23. An optical waveguide forming body that is made of resin and is flexible and is
formed in a belt shape or a linear shape, comprising:

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;
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and

an internal air cladding portion that has an internal air layer that is in contact
with the core portion and extends in the longitudinal direction of this core portion,
wherein

the cladding portion is internally provided with either one or a plurality of the
core portions that are placed beside each other in parallel rows, and 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 optical waveguide

forming body.



