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present invention relates to an optical wavegu cal wiri ngl
optical / el ectri cal conbi nati onsubst r at eandan el ect roﬂm,ﬂmﬁmmﬁm,ﬂ”’ ELATED ART
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SPECIFICATION

OPTICAL WAVEGUIDE, OPTICAL WIRING LINE,
OPTICAL/ELECTRICAL COMBINATION SUBSTRATE AND ELECTRONIC
DEVICE
TECHNICAL FIELD
[0001] The present invention relates to an optical
‘waveguide,  an optical wiring line, an
optical/electrical combination substrate and an
electronic device.
RELATED ART
[0002] Recently, optical communications in which

data is transferred by using optical frequency carrier
waves are becoming increasingly important. in,-such
optical communications, an optical waveguide is used as
one means for conducting or guiding the optical
frequency carrier waves from one point to another

point.

[0063] For example, the optical waveguide includes
a pair of clad layers and a core layer provided -between
the pair of clad layers. The core layer includes core
portions having a 1linear shape and clad portions-
provided on both sides of each of the core portions so
as to sandwich the core portion therebetween. The core
portions are formed of substantially_ a transparent
material for light to be used as the optical frequency
carrier waves. The clad iayers and the clad portions
are formed of a material having a refractive index

lower than that of the core portions.

[0004] In Patent Document 1,' a polymer optical
waveguide is disclosed. Such a polymer optical
WaVeguide has two clad layers (upper clad layer and
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data is transferred by using optical frequency carrier waves are beconi ng

I ncreasingly inportant. In such optical conmunications, an optical
wavegui de i s used as one means for conducting or guiding the optical
frequency carrier waves fromone point to another point. [0003] For exanple,
the optical waveguide includes a pair of clad |layers and a core |ayer

provi ded between the pair of clad |ayers. The core | ayer includes core

portions_having a |inear shape and clad portions provided on both sides of
each of tR¥SGor €At i bR¥ESED adDd SandfEVSLhETCor &Y% | P PYiéFeRet ween.

The corebpemdemstaee fwsmedad Sabstanti athy adInanspanentiapser ial for
light to_be used.as the optical frequ§€§% carrier clad | ayers
e

. . Th
and the CPEFSSHor B%ndSH I 6t ndP ofSH r FRMPRAA Vﬁilﬁﬁﬁ%ﬂfP%E%rMex
| ower thaoliyswitladiet kendcoan pordganns. g&bO4]ifle . Pat Putt Decwoard, 1rhe pol yner

tical i | ' . |.cal | .has two
oPad’ Tay BRATH RS S 1St DEaC I, oD O IR 6 R e R BT By e
and a pobysi | ahdel gykrdprianered Hethdnport iews bl &y deided. orhetpsl ysil ane

| ayer ispbermed hysusengha RAUYSI1apgconposition containing polysilane and
an organi c peroxide. Furthernore, the polysilane |ayer includes a core
| ayer (core portion) and side clad |ayers (clad portions) provided on the

both si dggoaf5]t he cogechawer .od08a] Suelvetjuiopt i Rab wavagicieunas ia
StrUCtur%ﬂf%h the core portion is surrounded by the clad
portions and the clad layers each having the refractive
index lower than that of the core portion. Therefore,
light input into an end of the core portion is
transferred along an axis thereof while reflecting on
boundaries between the core portion and the clad

portions and clad layers.

[0006] Furthermore, a 1light emitting element such
as a semiconductor laser is provided on an incoming
side of the optical waveguide. Light generated from
the light emitting element is incident into the core
portion of the optical waveguide. On the other hand, a
light receiving element such as a photodiode is
provided on an outgoing side of the optical waveguide.
Light propagating through the core portion is received
by the 1light receiving element. Thus, optical
communications are possible based on blink patterns of

the light received by the light receiving element.

[0007] Meénwhile, in the case where an optical
waveguide 1is adjacent to a medium having a low
refractive index, concretely, the optical waveguide is
present .in the air (atmosphere), light is reflected at
not only boundaries between a core portion and clad
portions but also boundaries between the clad portions
and the air.



whi chithe core portion is surrounded by the clad portions and the clad

| ayers each having the refractive index |ower than that of the core
portion. Therefore, light input into an end of the core portion is
transferred along an axis thereof while reflecting on boundaries between
the core portion and the clad portions and clad | ayers. [0006] Furt hernore,
alight emtting el ement such as a sem conductor |aser is provided on an

i ncom ng side of the optical waveguide. Light generated fromthe |ight
emtting element is incident into the core portion of the optical

wavegui dgoo@s]t he ot hgr thangd, reghiraht irecekvi ol ereat taegh &1 aof
photodio&e IS provided oa ag out goi ng side of the o ticg{ wavegui de. Light
pr opagat ingRthr SFFHETRESor 558 tidon TxIPbcefPed Hy'S hef+EBAREEr eB&vi ng

el ement . ihldsieropt frahn eonmingemt hgns idkee gosshel ephdsed ombegukdeat t er ns

of the |ight, racei vadoby difte U antypageiyl ng el srent (0007 Megnphil e, in
t he case erean optrc wavegui de"r's a(]fj’acen? 0%4 “medi un havi ng a |l ow
refracti peritndeX, tdenchdigdity, ishelptfienk viaveguitde i slpdeseartipnishe air

(at mosphale) .t d 1 hi ke 15 ek €d @t wBeh AN yhPOYRAAr i8S Il WeEp @ 4607 €

portion and clad_portions but _al so boundari®es between the clad portions and
the air.Wavees|de NS t&gar 4190t i eMdtdriaid e tamantl 23 1@ gRPOFener at ed
froma | mahicteifidtiof al efgibear eoEnchplent nhr opedReiemcofhBy Spdecafl the

opti cal wavequide int e cor orti.on.., However here are cases that a
part -of Wﬁgqqiﬂffeiﬁngn%%e 1&$oe?ﬁgtéln§d\%o‘?‘?¢ﬁﬁs due to a misalignment
between |ight axes of the optical waveguide and the |ight emtting el enent

and a pogqr chi ng f. i_ng we - ti wa ui de
and tho IRGT¥IC (11 Bs SEMaREbeR BB ] SRR DERCTRSAY" nigna T Eed
li ght tothiee @laadpoppirdienss repearedieptreadlect vdfdeatad boyhdakihes

bet ween LheifdAd POr Hereandrhle @4a P NoRsPLeRRIREd 40 hgngnd
portions of the clad portions. Finally, ‘the light Is outgoing fromthe end
porti ons t6e™ hPXPRRAIBELE orfs® aRbet hERX hePPTHRPRSs Rdceive® bgleRe 1ight
recei vi ngoglteirgrd . W Fhnkilght, ptppagalgt f i emdiieySoi§ Pehi Ofhe Aend resul t,
there are prabl ens

cl ad por PR& T G ré’%&ir%}glal g:\éﬁ_.%f gg’érle .gq% \é\g;?%r}})\?\gﬁﬁﬁgogﬁggﬁdgr%ﬂ gtéggot Pﬁat
gqual ity reseiofedpthyaltitemlighat i paseiwimas eraasshal kwaht t héghitke i s
caused. [QOIQJJ N AdditiQN. ¢ hB IR CagRMNESE: @ RA o PG ¢, there
are problems as follows: the light which has propagated
through the c¢lad portions is regarded as noises,
thereby lowering an S/N ratio, so that quality loss of
optical communications such as crosstalk and the 1like

is caused.

[0010] In addition, in the case where-a part having
a materially 1low difference in refractive index 1is
present Dbetween the core portions and the clad
-portions, 1light propagating through the core portion
may be leaked into the clad portions from that part.
In this case, the leaked light propagates through the
clad portions, and then is regafded as the noise.
Consequently, there is a fear that further quality loss

of the optical communications is caused.

[0011] The Patent Document 1 1is Japanese Patent



a materially low difference in refractive index is present between the core
portions and the.clad portions, |ight propagating through the core portion
may be | eaked into the clad portions fromthat part. In this case, the

| eaked | i ght propagates through the clad portions, and then i.s regarded as
t he noi se. Consequently, there is a fear that further quality |l oss of the
optical communications is caused. [0011] The Patent Docunent 1 is Japanese
Pat ent Application Laid-open No. 2004-333883. SUVWMARY OF THE | NVENTI ON
[0012] | t AP® s adhi ¥t L3k drp@sst dkent 2PR¢erti*iB o provide an opti cal
wavegui de that can increase an S/Nratio of signal light by having nmeans
for keep'io ) Ei{gugh clad portions away fromcore portions
and perf8 S } in high quality. Furthernore, it is

anot her pramﬂ oftrmtpneseni ohbyeptri af t bhpr padkeean apviecedionrcbg |ine
provi ded v Vi.Nng g dit is
al so an gg‘ ect of ﬁ pg'?le%ge\%t %I%ﬁ}vgqﬁ%f@% t&% tPo?/lQlc? qargglaé%l calr% Iez rical
conbi nat raﬁlsmbsﬁ r%&@naé‘u Ag atte lpt h@alln@i rnierﬁgp$| ﬁera&:@&mrw etigbhic

devi ce ppovidedh il tfem%te}gbﬁal tebect rpSal 1 6ambi nagion $ubst rakgyel 0013] In

order to acEﬁeve the above oObject, the present invention is directed to an
opti cal R8§§d83ﬁ3|QHﬂluB§EF%FBIu?EFFF91 f COBMIHF ] F bABSandNa BFEPallty of

clad port;uaniuyn whi Ehr@h@h:nﬁﬁ:l‘@ pord i oins b%lﬁtgu@éﬁwél]sgieb@t WBEN ah@alr of
cl ad portions, wherein each of t he I %allt cl ad,portions c rising: a

| ow ref r BEFSFEN nddy Hex"Beity M Cohtacta W t%?h%a%or‘@lﬁbpﬁ 0 erein a
refracti peomd?@d ofwittdie |tdhwe r@fprtaoctalfe-Warmguadea asdl dﬂ\EVlnbanhU.th of the

pluralit rti n I y h f ti X areas
Cepar at cleHESaTTRE S0 SHE; 1ot EnPadsh ehe foiebdr Jf, FE | pEasene.
wher ei n anW@Pﬁdéviv§qIRKQNtﬂetﬁglp¢BFaFﬁ&/Qﬁe¢ﬁ§hCaéf@mﬂbxﬁﬁthé@x ar eas

i's highegybhande refls rﬁ%' vehendexppichhe |Www-{gEractiye- i RARX apg@a;
wherein the plurality of gh refractive- |ndex areas are prOV|ded in the

cl ad por BLEF HHPHYF afir‘-"dﬁé’& rrﬁﬁﬁ@lld&d it Bhs g ePREIFEAMST LoD 4R N the
above optbmwlnaayﬁg:ul gebaee@rgd ng to

[0013] In order to achieve .the above object, the
present invention is directed to an optical waveguide
including a plurality of core portions and a plurality
of clad portions in which each core portion beiﬂg-
provided between a pair of clad portions, wherein each
of the plurality of clad portions comprising: a 1low
refractive-index area being 1in contact with the core
portion, wherein a refractive index of the low
refractive-index area 1is 1lower than that of the
plurality of core portions; and a plurality of high
‘refractive-index areas separated from the core portion
through the 1low refractive-index afea, wherein a
refractive index of the plurality of high refractive-
index areas is higher than the refractive index of the
low refractive-index area; wherein the plurality of
high refractive-index areas are provided in the clad

portion in an aligned manner or in a scattered manner.

[0014] In the above optical waveguide according to



the present invention, it is preferred that the plurality of high
refractive-index areas are constituted of the sanme kind of material as a
constituent material of the plurality of core portions. [0015]1n the above
optical wavegui de according to the present invention, it is also preferred
that a difference between the refractive index of the plurality of high
refractive-index areas and the refractive index of the |ow refractive-index
-area is 0.5%or nore. [0016]In the above optical wavegui de according to the
present theentPBRSERt | sinveBtprafer ridd t st tHeepeurad t et hi ghe
refracti peuridex-@reagrar e mgw ded-d firf B i&lcad Lk i onghrad ef raeti ng
| i ght passin ,through the clad portion in a direction far away fromthe
core por EPHF It} FIsc &t er FRG t AT ght<3e t he@fcl dppeFLRrdn ini Porny.
[ 0017] I ncbhes tailraven O pina c @lr 1\l egfli tRea@d @i ¥ Ootheoplee gt idnenti on, it
is also preferred that each of the plurality of high refractive-index areas
is formed into a particle shape. [0018]1n the above optical wavegui de
accor di ng0t0d Slhe preSentthenvanoiven,optti¢al awso gqgetéder edadratimaciiohi gh
refracti ygd ng%s@rp@ %w&gtwg,pai&' cje shppsg 'ﬁr%%@%%dﬂﬂ_ tth]ﬁa a
irregularities on its outer surface. [0019] I n the above optical wavegui de
accor di n§ifd aufngR esdRtYR9BNt i BAS i treErarsd vy ef éndex t h&t t hEhgi gh
refracti peurdexc@reag eaciighavires tdier paetielirshapeeate Wi f ena y
scattered i_n the, cIadIPdortlo , . . ,
refractive 1index o the low refractive-index area 1is

0.5% or more.

[0016] In the above optical waveguide according to
the present invention, it 1is also preferred that the
plurality of high refractive-index areas are provided
in the clad portion for refracting 1light passing
through the clad portion in a direction far away from
the core portion or for scattering the 1light in the
clad porﬁion ununiformly.

[0017] In the above optical waveguide according to
the present invention, it 1is also preferred that each
of the plurality of high refractive-index areas . is

formed into a particle shape.

[o018] In the above optical waveguide according to
the present invention, it 1is also preferred that each
high refractive-index area having the particle shape is

formed with an irregularities on its outer surface.

[0019] In the above optical waveguide according to
the present invention, it 1is also preferred that the
high refractive-index areas each having the particle

shape are ununiformly scattered in the clad portion.

[0020] In the above optical waveguide according to



f0020] I n the above optical wavegui de according to the present invention,
it is also preferred that each of the plurality of high refractive-index
areas is forned into a strip shape. [0021]1n the above optical wavegui de
according to the present invention, it is also preferred that each of the
hi gh refractive-index areas having the strip shape has a | ongitudi nal axis
| ine, and wherein the high refractive-index areas are provided in the clad

portion in a state that their longitudinal_axis lines are inclined with
respect tHCarPB&PERLI iHVRRLLRB cotle PSrtR bRCsPUHRTERd akdiad deRFRed by
the | ongbudichal @iiuxdiiey ofoeachihghreethactivee-index aseaaandia

per pendi %ul aré{i.ne which_is normal -to the axial line of the core portion
forms antREMEE arytR. 2[ §632H P3RS above optical wavegui de according to the

present invention, it is also preferred that the acute angle defined by the

| ongi t udicRal,axi s |i e LO tive-index a | e strip
shape ancsla?ﬁéﬁper pengﬁcgﬁiaer aﬂ;ﬁgéi L&ﬂltﬁfc’é%ﬂé kﬂ\éﬁfgéedlg%éiogggo@{r?%ogg] In the
above opthealpy@segti dareeebiging 1o tlise plecemrafimeredothatt e€schl so

preferredst haheeaghgal fBerhicgh vefiaghikvesiadex raganghavheg Lheiptrip
shape is forned so as to haye an el ongat,ed triangle sha 0024] I n the

e. [
above opfPéRS wiFEguRdel FBoFUAAGRn #rd Sor eddftr iﬁ%?élnt{a]ﬁﬁ,rellln i 5Pgl so
preferredighat redehcafivdeihtigh refeast iagei @ﬁ@(vm@als ifraVitm@ftbﬁad ongat ed
nal . area of_the

triangle'%h%g%is.%onfi%grgd sq_r\t at_,a cross-se ti X 1

el ongat eBCrH @Yl &%sfapB GrEdudity T eas 574 W t aP ¥y FP5M t he

core porairen.inclined with respect to an axial line of the core
portion so that an angle defined by the longitudinal
axis 1line of each high refractive-index area and a
perpendicular line which is normal to the axial line of

the core portion forms an acute angle.

[0022] In the above optical waveguide according to
the présent invention, it is also preferred that the
acute angle defined by the longitudinal axis line of
each high refractive-index area having the strip shape
and the perpendicular line is in the range of 10 to
85°.

' [0023] In the above optical waveguide according to
the present invention, it is also  preferred that each
of the high refractive-index areas having the strip
shape 1is formed so as to have an elongated triangle
shape.

[0024] In the above optical waveguide according to
the present invention, it is also preferred that each
of the high refractive-index areas having the elongated
triangle shape is configured so that a cross-sectional
area of the elongated triangle shape gradually

increases as being far away from the core portion.



f0025] I n the above optical waveguide according to the present invention, it
is also preferred that each of the high refractive-index areas having the
strip shape has a longitudinal axis |ine, and wherein the high
refractive-index areas are provided in the clad portion so that extended
lines of their longitudinal axis |lines are perpendicular to an axial line
of the core portion. [0026]1n the above optical waveguide according to the

present invention, it is also preferred that each of the hig
refracti f@9%2%dex arehB [k&F rRPPYE ﬁﬁqkF%%aHéWQS?kﬁ%eéc§§¥ﬁﬂﬁ% R&ve an

el ongat edh@ecﬁﬁégéﬁtsm&&%nﬁﬁgﬁﬂ |J’Dtt he abpye eRidiatry@vegdtdeeaesor di ng

to the prese vention, is also preferred that theplu allt of high
refractP?g E%gxnﬁ Eﬁgﬁaﬁ§€ﬁﬁb 1 e§tr?BegﬁaB%ag}Egngéﬁgeﬁ ﬁpthegclad

portion shamﬁrahhel aﬁtlbngibudUMQﬂ. p@A28] Lankhe ahdvewbptiedal wheegui de
accor di N1k ' HEeRLesane | INADL! olvell 182 SO qyelear ad L ORt Lhgaant ! ca
a sur I'C

wavegui de S an‘incomn ace from t "eht&rs i Ato the cl ad
portion RedtdrProusgoi h@aénde%taﬁfldéél obposit ecfo tthrﬁalr nd@n gt edtnadr f ace,

wherein ghe opl urakbist y; £4 'ﬂié&?é&ﬁ{éﬁih\.ﬁe ihdex, ageagiare; fET Yrgednhgo as not
to expose to the incomnge surface and the outgoing end surface.

[ 0029] | n“PRE AVl 9Pt i cal wavegui de according to the present invention, it
is also preferred that the

[0026] In the above optical waveguide according to
the present invention, it is also preferred that each
of the high refractive-index areas having the strip
shape 1is formed so as to have an elongated rectangle

shape.

[0027] In the above optical waveguide according to
the present invention, it is also preferred that the
plurality of high refractive-index areas each ha&ing
the ,strip shape are arranged in the clad portion in

parallel with each other.

[0028] In the above optical waveguide according to
the present invention, it is éiso preferred that the
‘optical waveguide has an incoming end surface from
which 1light enters into the c¢lad portion and an
outgoing end surface opposite to the incoming end
surface, wherein the plurality of high refractive-index
areas are arranged so as not to expose to the incoming

end surface and the outgoing end surface.

[0029] In the above 6ptica1 waveguide acdording to
' the present invention, it is also' preferred that the
plurality of high refractive-index areas are
manufactured by the same process as that of the

plurality of core portions.



pl uralityof highrefractive-indexareasare [0030]In the above optical
wavegui de according to the present invention, it is also preferred that the
optical waveguide is conprised of a |lam nated body in which a first |ayer,
a second layer and a third layer are lamnated in this order, wherein a
part of the second layer is constituted fromthe plurality of core
portions, wherein a remaining part of the second |layer, the first |ayer and
the third | ayer are constituted fromthe plurality, of "clad portions.

[0031] I n [PREUbove opfi &&® vRREYGI FP LETdt dVRY DI IFR BFESEHHIRRVERt i on, it
is al so phef epredehltat ihitenplivigl i iy ofs hiadlsd epiraddmed ndeatar eae are

provi ded in.the renainin art of the.second |ayer. [0032],In the above

opti cal \?@\Fé‘&ﬁ%dewﬁgggr‘ﬁ%heg t8 t%oem%]féggﬁt 9 v%nﬁ]'%?fl;n? < s%a?(g% Nleferred
t hat thewpliwial at¥iofstcoleyportiaonseanddatldpast aamdaat thfitdhelpyeral ity of
cl ad portians qgg%it e f, a rhorn -hased po a I n
conponen%&%he%§@?FETOO'3]q% gP@éﬁ ngggﬁiesgﬁ% e abggebégﬁgc?? tﬁg%present
i nventi oRsiceTd rbeyed tie apoBpEicaitan ringml ithe ppbyrdéd twi t4f t AET6pti cal
\Aﬁvegw dpoat idaser i prdraheve: 1OR34hERgORAEFt tOr aghke kR ddiea abayergbj ect,
the the first 1layer and the third layer are constituted

from the plurality of clad portions.

[o031] In the above optical waveguide according to
the present invention, it is also preferred that the
plurality of high refractive-index areas are provided .

in the remaining part of the second layer.

[0032] In the above optical waveguide according to
the present invention, it is also preferred that the
plurality of core portions and at least a part of the
'pluraiity of c¢lad portions are constituted of a

norbornene-based polymer as a main component thereof.

[0033] In order to achieve the above object, the
present invention is directed to an optical wiring line

provided with the optical waveguide as described above.

[0034] In order to achieve the above object, the
present invention is also directed to an
optical/electrical combination substrate, comprising: a
substraté; an electrical wiring. line mounted on the
substrate; and the optical wiring 1line as described
above and provided on the substrate.

In order to achieve the above object, the present
invention is also directed to an electronic device
provided with the optical/electrical combination

substrate as described above.



present invention is also directed to an optical/electrical conbination
substrate, conprising: a substrate; an electrical wiring |line nounted on
the substrate; and the optical wiring Iine as descri bed above and provided
on the substrate. In order to achieve the above object, the present
I nvention is-also directed to an el ectronic device provided with the
optical/electrical conbination substrate as described above. BRI EF .
DESCRI PTI ON OF THE DRAWNGS [0035]FIG 1 is a perspective view showi ng a
first enBEEERMESERIRTION THRE BRAWINGS t he present invention (a part

t her eof |[$)0t35] away ‘Bnd. trlarissaad epérép@)ctlve vieW! Ghotviirsy aapf&;lfirs\tl ew
cal _wavequi de s

showi ng on core |layer of th in FIG

FG 5 SR iFEhouhg Bt BRETIAL of "ACYAES of T GRS prBbaBETing

t hrough .timyeaoriom ayefashowartn Fl GheZeof isFIGcut i s awzecti emal view
schemat i I rocess exanple of a nethod of manufacturing the
opti cal %@Jaﬁ's %0 Qz%dl?n FIG 1. FIG 5 is a sectional view
schemat i caI I y Eﬁé’w g aspriockdgnexehpie stfowi net ked Yof am@eHaact avierg t he

optical wavead d&p@*ﬂe&@ Wavddaide shown il G16.i1%.a sectional view
schematically show n process exanple of a nethod of manuf act uri ng the

opti cal maveguf&@s; mhslﬁfﬂ{fwlshOW1ng one example of passages
of 1light propagating through the core 1layer shown in

FIG. 2.

FIG. 4 is a sectional view schematically showing

a process example of a method of manufacturing the
optical waveguide shown in FIG. 1.

FIG. 5 is a sectional view schematically showing
a process example of a method of manufacturing the
optical waveguide shown in FIG. 1.

FIG. 6 is a sectional view schematically showing
a process example of a method of manufacturing the
optical waveguide shown in FIG. 1.

FIG. 7 is a sectional view schematically showing
a process example of a method of manufacturing the
optical waveguide shown in FIG. 1.

FIG. 8 is a sectional view schematically showing
a process example of a method of manufacturing the
optical Waveguide shown in FIG. 1.

FIG. 9 1is a view showing another configuration
example of the first embodiment shown in FIG. 2.

FIG. 10 is a view showing other configuration
example of the first embodiment shown in FIG. 2.

FIG. 11 is a plan view showing only a core layer
of a second embodiment of the optical waveguide
according to the present invention.

FIG. 12 is a view showing another configuration
example of the second embodimeént shown in FIG. 11.

FIG. 13 is a view to explain -a method of

measuring an intensity of outgoing light from a clad



FIG « is a sectional view schematically showi ng a process exanple of a

met hod of manufacturing the optical waveguide shown in FIG 1. FI G
8 is a sectional view schematically showi ng a process exanple of a nethod
of manufacturing the optical wavegui de showmn in FIG 1. FIG 9is a
vi ew showi ng anot her configuration exanple of the first enbodi nent shown in
FIG 2. . FIG 10 is a view show ng ot her configuration exanpte of
the first enbodi nrent shown in FIG 2. FIG 11 is a plan view show ng

only a cBPEYiGRRrobfal 9BCHIR enbRUrPA¥ACSf the optical wavegui de according
to the presentrigvention.is a Héw 120 S expigiishaw ngettnofihebf
configuratiqgn exanple_of the,second enbodi nent shown in FIG 11.

FIG 13 ¢ %%W?OCEQSI%E%}%’ net hod of measuring an intensity of outgoing
light froma cFad. postiien aof gaapbptsltavingveguticiesities d Glightiss a vi ew

to expl a'k}qfog) dod gtr,oﬁv@hlu.éa&i 9,-€5asst al k. FIG 15 is a graph
showi ng fntensitres o I ght's opagated fromclad portions.
FIG. 16 is a graph showing intensities of lights
of crosstalk.
FIG. 17 is a plan view showing ohly a core layer

of a conventional optical waveguide.

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] Hereinafter, an optical waveguide, an
optical wiring line, an optical/electrical combination
substrate and an electronic device according to the
present invention will be described in detail based on
certain preferred embodiments shown in the accompanying

drawings.

[0037] <First Embodiments
First of all, a description will be made on a
first embodiment of an optical waveguide according to

the present invention.

[o038] FIG. 1 is a perspective view showing a first
embodiment of an optical wéveguide of the present
invention (a part theréof is cut away and
transparentized), FIG. 2 is a plan view showing only a
core layer of the optical waveguide shown in FIG. 1,
FIG. 3 1is a view showing one example of passages of
light propagating the core layer shown in FIG. 2. In
the following description, the upper side in FIG. 1 will be
referred to as “upper” or “upside” and the lower side
thereof will be referred to as “lower” or “downside”,
wherein the right side in each of fIGs. 2 and 3 will be
referred to as “right” or “outgoing side” and the left side

thereof will be referred to as “left” or “incoming side”.
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FIG 16 is a graph-showing intensities of |lights of crosstalk. FI G
17 is a plan view showing only a core |layer of a conventional optical
wavegui de. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
[ 0036] Her ei nafter, anopti cal wavegui de, an optical wiring |line, an
optical /el ectrical combination substrate and an el ectroni c device according
.to the present invention will be described in detail based on certain
preferred enbodi ments shown in.the acconpanyi ng draw ngs. [0037] <Fi r st
Enbodi nedugthermorg, r thepf FEE} | la ifes@¥ PR Gﬁ'ig/,hl | £XBEIFEPR I al i Bst
enbodi MeRh @ik s HPHIIGR c WRYRIUIdeyageekdiindd i Pekhte d¥ e§ENtt HAVERLON.
[0038]FIG, 1 is a perspective view show ng a first enbodi nent of an opti cal
wavegui d& 1§ %He Pt e@ehfYi®Hrention (a part thereof is cut away and
transparentized), FIG 2 is a plan view showing only a core |layer of the

opti-cal ide shown in FIG, 1, FIG -3.iS vi ew show, ng exagnpl e of

passages\@;ﬁeﬁqjﬁght pr%BagaPFﬁﬁatlhew@&etglfh@%r g?}ovﬁhPWnFl & Zgrluﬁn tare

fol | owi ngnddsuie pt borglade laymer $cdad pdiGiot) wll, be refrrédyea as

“upper" gr %q.,cdd , ahg;gheq s';dfTTI hepgot ;W) refgtLRd L,9as

"l oner" or3 O\Ans.ie%e?? ager eh \%?Ihe,drl g (tﬁ ségeftil\ré\; e)acﬁ'ezof Fl %s.. 2%2nd 3 will

be ref er FéMHHRERA" EPGRENSH 1ButhoPngTiste TEA8 the I1avesi gedehefeof will

be refermrad topas Thefihe 0forkNa@RidY stde'cordUpbPerBRise.14 hBalliGg 1 1S

drawn with exac%geratl,on in a thickness dl({ectlon a vertical di r(_etctlon of
(clad

t he eachaﬂﬁﬁﬁ t%¥ménpgy@attern and side clad portions 15
portions) provided adjacent to each of the core
portions (waveguide channels) 14 are formed. In FIG.

1, two core portions 14 and three side clad portions 15
are provided alternately.

[0040] In the optical waveguide 10 shown in FIG. 1,
incident 1light from an incoming end surface 10a into
the core portions 14 is totally reflected at
interfacial surfaces between the core portions 14 and
the clad portions (the clad layers 11 and 12 and the
side clad portions 15), thereby propagating the light
to an outgoing side. By doing so, it is possible to
obtain the 1light from the core portions 14 in an

outgoing end surface 10b.

[0041] ‘As described in detail below, each of the
side clad portions 15 includes a low refractive-index
area 152 (one area in the side clad portions 152) and a
plurality of high refractive-index areas 151 of which
refractive index is higher than that of the 1low
refractive-index area 152. In other words, each of the
side clad portions 15 1is divided to the plurality of
high refractive-index areas 151 and the low refractive-
index area 152 of which refractive index is lower than
that of the high refractive-index areas 151. In
addition to that, the plurality of high refractive-

11



f 0039] An optical waveguide 10 shown in FIG 1 includes a clad |ayer (clad
portion) 11, a core layer 13 and a clad |ayer (clad portion) 12 which are

| am nated together in this order fromthe [ower side of FIG 1. In the core
| ayer 13, core portions 14 having a predeternm ned pattern and side clad
portions 15 (clad Portions) provided adjacent to each of the core portions
(wavegui de channels) 14 are fornmed. In FIG 1, two core portions 14 and
three side clad portions 15 are provided alternately. %0040]Ln t he opti cal
wavegui dénfi@xshawgaisn th& ghowhci Hentf I1G ghtl f £6m bhneRcot® nden&bsur f ace

10a i nt orbhe L Br POt hane 1k ot @i dhky 11efl ected at interfacial surfaces
bet ween the core portions 14 and the clad portions (the clad |layers 11 and

12 and the side clad portions 15), thereby propagating the [ight to an

out goi ng [9i0de2] By doAngredractiive passidd e dicf it ahaet et wgkin f thw t he
core portiqns 14 in 091 RQ d rf Oh.. [ 004 e i in

et ai | berek Baeklof®, B P8 ) S0, PETANR ver TS, ik 28
refracti ve igrfex afedhks2s{daecdash porthensi dé cladnpdr tliionsteg2rocand a
pluralit Lgh;refy L veyRdexgs argas Loy 98 wWhicch pef ractd ve ipdex is
hi gher tﬁag‘;%%%tggégj thagﬁﬁ%w yé:??ac%i \E/)e-i ndex g{r/ea 152. In ot her S\lor ds, each
of the sM@&<c| RESSGIARVNE 5 8% Otvi BeFSt-0 t A& pHEPEM t y 1B thi yRlue

refracti vedritdox a=8aspbddlnahd sbe |y ef Epeldierd ndex 8 eabliy? @fs which
refractive u$deﬁﬁLs Igﬁ@{ t hap that of ige igh refractive-index .areas 151
In addi t PEFEF ALY, &Yt urdr Py of high reFr act P&t infex aPE&E 151

shown i ndBlfGeriencel isedmpl lart hdharespieet lvevest deimbi ad viadiie onstébl
0042] A ref ti i.nd i £f t t ; j .and th
[ J A LRl LACtiYe 4y e&sd'% €L5R&E ESO}’% cthe Celolgqe% d°%¢(§§%ﬁééi%@l €

| ow refractive-index aréa 152 In €ac e sid ) is not
linmted edfeapedisii tedalagd. butOn s thref @tdiny @8 or awse, idndtisre

pr ef er abl £Q- 8% Ofe Mf fde RN $PPEErENTL Y3 ugekhe{;ﬁeat@/ Reapt thet to a

specific value,_ but is preferably about 5.5% If e refractive index

di f f er en¥®PieF shali&r ViHae t hEREOErIR | nPEOPASRE 1R e8T456 e, SRR i s a

case in thalgexr |bghéxpeeprgnti ®nfettnelr iihdwseed. On the other hand, even
if the refractive index difference is set greater than the upper limt

val ue, the light propagation effect can no | onger be expected to further

i ncrease.[00@®43] I n thhs tédar d, regatrfe cdse wheee thee where the

refractive index of the core portions 14 is defined as
A and the refractive index of the low refractive-index
area 152 in each of the side clad portions 15 is
defined as B, the refractive index difference 1is
represented by the following equation:

Refractive Index Difference (%)=|A/B-1|x100.

[0044] Further, in the structure shown in FIG. 1,
each of the core portions 14 is formed so as to have a
linear shape in a planar view thereof. However, each
of the core portions 14 may have an arbitrary shape
Such a shape provided with curved portions in a middle
thereof or a shape provided with forked portions in a
middle thereof. 1In this regard, it is to be noted that
by ~using a method of manufacturing the optical
waveguide 10 as described 1later, it is possible to
easily form core portions 14 each having a complex and

arbitrary shape with high dimensional accuracy.
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refractive index of the core portions 14 is defined as A and the refractive
index of the low refractive-index area 152 in each of the side clad
portions 15 is defined as B, the refractive index difference is represented-
by the followi ng equation: Refractive Index D fference (% =1A/B-1 | x100.
[0044] Further, in the structure shown in FIG 1, each of the core portions
14 is forned so as to have alinear shape in a planar view thereof. However,
each of the core portions 14 may have an arbitrary shape such a shape
provided with curved portions in a mddle thereof or a shape provided with

forked pqrlgsyys in apgrddles thereelosd sd bt songdarshapt b3 tO2b8 B3 ed that
by using a nethod of manufacturjng the optical wavegui de 10 as_ descri bed

later, itthe G558 BPELESEast yn#8r A RETRRIVOAE BRARESHER #§ & conpl ex
and ar bi skararsheipgpwi bir ki gre ¢t aBgseora@laggecuracy. [ 0045] Further, a
cross-sectional shape of each of the core portions 14 has a quadrangul ar
shape such as a square shape or a rectangle shape. [0046] The wi dth and

hei ght of[0ddchl of t hBheoreigohtiand IHeagbtnodfl iendled dfo ahspeciofriec val ue,

but is preherafly ip %%% age; of s ahaut oL éosﬁggiémc R}waﬁé’f efgrahly in the
range of "about 5 to 100 Am and even nore preferably in the range of about
10 to 60PARAL§AYY THE cdie partidshs 04 abeutor kedt@f 20 Gratddy.i aMOF&vi ng a

refracti yedmdespiy gher di@n-rhhgt fr aakonst ist uent 198t @i alahd Ehed ow
refracti ve-i ndex grea; 152 of each of the side clad Eortlons 15. Further,
the core™eH® iRFREGH2RLY A3} fEf oF 2PHE et AR Ena0i £§ e H®fracti ve i ndex

. higher than that of a constituent material of the clad layers 11 and 12.
[0047] The core portions 14 are formed of a
material having a refractive index higher than that of
a constituent material in the 1low refractive-index
:areas 152 of each of the side c¢lad portions 15.
Further, the core portions 14 are formed of the
material having the refractive index higher than that

of a constituent material of the clad layers 11 and 12.

[0048] The constituent materials of the core
portions 14, the side clad portions 15 and the clad
layers 11 and 12 are net limited to specific kinds, as
long as they can make the refractive index difference
set forth above. In the present embodiment, the core
portions 14 and the side clad portions 15 are made ef
the seme material as each other (core layer 13). The
refractive index differences between the core portions
14 and the low refractive-index areas 152 and betWeen
the low refractive-index areas 152 and the high
refractive-index areas 151 are developed by a
difference  between chemical structures of the

constituent materials thereof, respectively.'
[0049] Any materials can be used as a constituent

material of the core 1layer 13 as 1long as . the

constituent material are substantially transparent with
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[ 0048] The constituent materials of the core portions 14, the side clad
portions 15 and the clad layers 11 and 12 are not limted to specific

ki nds, as long as they can make the refractive index difference set forth
- above. In the present enbodi nent, the core portions 14 and the side clad
portions 15 are nade of the sane raterial as each other (core |ayer 13).
The refractive index differences between the core portions 14 and the | ow
refractive-index areas 152 and between the | ow refractive-index areas 152
and t he heglpecdf raet the- | hdelkt apeagpddEt tng déeel oped ppraidirdd eténce

bet ween §§%§'ﬁcﬁ{&'?t%§% .1%93 genstifdient Bt eel,aht theleofial
respectively. [0049]Any nmaterials can be used as a constituent material of
t he corelpgyeyde]3 HINIGHF a¥ifige cofistiesitht TRteFialsarvieyb&sandnal |y

transpar gat-yWitdhsd@spectelsard he |ight prenagsdipy-bheeeore ppstsians 14.
Specifically, exanples of the constituent material include: variqQus kinds
of resi nPRRYEANNREEN ROLFSEFSRehacty FESRY, HeFRDhadG iYL esi n.
pol ycar bpbatydmipid yst poegderatoeppxyel, eSipn 1yl yanede, pgealys il deane
polybenzgégzméa £)+¥§Ela@% §¥%y éggéan%€¥¥ka g%ghiC£§eﬁgn-bg§§g resin
such as a benzo cyg oblt ené-based resrn and @ nor bornenée-based resrn; a
gl ass margrilabufigie abagedr tregimsandnd bodzdinene -heis¢lzssinand the
| Tke. [009GKN Aodel o dURlD dde diehiagt ige dddendl aianee; dye to the
di fference between the chemcal structures das this enbodinent, 1t iIs
pr ef err eBCiRatI 2 Tt e N4l SRfosel k®fractive i ndex i s changed by being
irradiated with an activated energy ray such as an ultraviolet ray or an

el ectron r (,or by bein ddi tj onal.l Heated i s _used anpng the _
constituéﬂ?gﬁﬂterialg9 [%ﬁ%ﬁfExEﬁpl@§¥8 Byucly mﬁﬁﬁﬁ%ﬁt+ﬁgluﬂ%dﬁxnaterra
whose chdifdalreziceictiweestcantiee dhddfgecine bbeakiceh athkeadiemipailt of
bonds or 'Pg t_le . t cti.qnal _gr 'eiﬁg i rradi ated
W th thesggg?¥g e eﬁ§r3§ﬁ}§y%ﬁb?é£W% E’[ 2}§pé§¥$¢%€¥?§, exé%pﬁes of a
base resimatgirial whose refractive index 1is changed by being
irradiated with an activated energy ray such as an
ultraviolet ray or an electron ray (or by Dbeing
additionally heated) 1is used among the constituent

materials.

[0051] Examples of such a material include a
material whose chemical structures can be changed by
breaking at least a part of bonds or removing at least
a part of functional groups by being irradiated with

the activated energy ray or heated.

[0052] Specifically, examples of a base resin of
the material involving the structure éhange as
described above include: a silane-based resin such as
poleilane (e.g., polymethyl = phenyl silane) and’
polysilazane (e.g., perhydropolysilazane) ; and the
following resins (1) to (6) having functional groups in
side chains or terminals of molecules. (1) an
addition-type (co)polymer obtained © by addition
(co)polymerization reaction between a norbornene-based

monomer, (2) an addition-type copolymer obtained by
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the material involving the structure change as descri bed above include: a
si |l ane- based resin such as polysilane (e.g., polynethyl phenyl silane) and
pol ysi |l azane: (e.g., perhydropolysilazane); and the following resins (1) to
(6) having functional groups in side chains or termnals of nolecules. (1)
an addition-type (co)pol yner obtained by addition (co)pol ynerization :
reacti on between a norbornene-based nononer, (2) an addition-type copol yner
obt ai ned by ; additi oncopal yneri zati onreacti onbet weent he nor bor nene- based

monomer &RG1&tHRA ene COPALBIRY I RALASP an BBAFELEGR t ypBEEYSEY mer BBt ai ned
by addi th@&rbmpcéd N@Ebééégii Qr]lcfbrli@ﬁﬁi‘i Qﬁlcﬁhﬂ@ﬂbyﬂ.bﬁencmbO?nellerﬂja‘s,ed(B'())norrer,
non- conj ugat e i,ene, and if neede ot her noners, (4) a ri .

openi ng- B¥pe ﬁggﬁ§ﬁﬂﬂéi¥B§ed f88?389§ﬁér &R %%T%%)p&?lﬁﬂaéggg%ﬁgd by
hydr ogenabipied,yndr heatédn t readtigoropeamaggt ypbenonbpbrememasedsed

(co) pol YiBhored) 2 ddi0e SRFALAYLY PYNYDOr NENe- hipech £OpOLY Tes ABLAI ned Dy
ring opening copol ymerization reaction between the norbornene-based nononer
and the mompmars or 4401 efd n BHdda ePEOIETL YIS ai REFbr g vgergdi ng, if

needed, the)iddud HOENI Ngahype ner bor n@d@y%@wﬁle@pol YWBYaided (6)bg ring
openi ng-type norbornene-based copol yner obtained by ring openin
r

copol ynePYSFA%513 25887 on Bgtmeﬁgegﬁéﬂno S hend& ik ed ) gXBethe
ngn-_conjdﬂ@awjfb z d:c&;e@eba_rsedt h_efomp@glygf@:,ﬁndsan aorhntde rpraseg- copel yner

obt ai ne rogenating, if- _neede t ri.n peni ng-type .
norborneﬁéﬁ&gﬁﬂf %b@?ﬁﬁgr,9%?%%%W?Fon°§5aﬁﬁgpf %ﬁra%Pf%gbé%%%n%ggin

obt ai nedcbhypqlgmemei zatngna petotioss|bakebes- rdaet hoebwmmoee -hadedn epoxy
resin. | i riicul f ble ngr P ed
resin (p%ﬁ%ﬁﬁﬁra%%ﬁg %h%nﬁ%ﬂ%gégﬁgrg%?nghéﬁﬁgggg tab ngrbggﬁgggmggfained
usi ng vaPbe@singdday ohyRalqgsiwhigol yireMeRAeéns t88c K 18I rePYaPENI ng

met at he,sit%tp_@l yABEoeAliate (FEMBY,  a- 698y Aati, on §hdROMR pnd hydigagnati on,
pol yneri zation via radicals or cations, pol nerizatjonﬁgfln' a caklonlc
bal | adi uRBSOI LT F ¥REI oR ITAQIREBF - BAACEH! yIRE? LERFSn FRTRERE Rer Y
pol yneri zdinn oméehiiator ddissil yhepigatdon a neakelopol yrerweeahi onhieni ti at or
or anot her i1 ansitiop. metal polymerizahi an,Lnidd,aten); LO084 Oasthe ot her
hand, the cIa&ang | ayers 11

or other monomers and an norbornene-based copolymer

obtained by hydrogenating, if needed, the ring opening-

type norbornene-based copolymer, in addition to that,

an acryl-based resin obtained by ©porimerizing a

potocrosslinkable-reactive monomer and an epoxy resin.

[0053] It is particularly preferable to use the
norbornene-based resin (polymer) among' them. These
norbornene-based polymer can be obtained using various
kinds of well known _polymefizations such- as ring
opening metathésis polymerization (ROMP), a combination
of ROMP and hydrogenation, polymerization via radicals
or cations, polymerization using a cationic palladium
polymerization initiator and polymerization using other
polymerization initiator than them (e.g., a nickel
polymerization initiator or another transition metal

polymerization initiator).

[0054] On the other hand, the cladding layers 11
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and 12 make up the clad portions positioned bel ow and above the core
portions 14. This configuration allows core portions 14 to serve as a
wavegui de whose outer periphery is surrounded by the clad portions.

[ 0055] An aver age thickness of each of the clad layers 11 and 12 is
preferably in the range of about 0.1 to 1.5 tinmes with respect to an

aver age thickness of the core layer 13, and nore preferably in the range of
about 0.3 to 1.25 times with respect to the average thickness of the core

| ayer 132r8pedpf medi¢ yubt Hravelage ROF ekaass pisehthnel thelevadndyers 11

cand 12 i gyfe | tHEt &bE® BotRETHd C1¥al Ugh iUt ohR iGN A on ! §1RIH/ELr ably
in the range of abaout 1 to 200 Am nore preferably i'n the range of about 5
to 100 ARCEMdPEFESRT elfr ¥ @r &AW § ndfhe? r ¥RGE DL @D oWOER t BYSEAM Thi s
enabl es tder ipplaeryayer surrdehded! pypeteordndd spbeneidny) whil e preventing
.-the optical wavegui de 10 from bei ng unnecessari?y increased in a size
(thickness). [0056] Further, as a constituent material of each of the clad

| ayers 110ORBN2, itAns pussihlglee tbhivusmednr ckamaey tdfe thzanmelent eri al

as the c | fuent 8ri yer_13.descrihed oye. I.n
parti cul g@%%yi glprn%?(gr 621% eg%ogt}geefé)%%b%gr glor% ng#%ba]gélaggoloaprre%gO%S?] In
this reg&-d Fa the pFesest whbbdiresmect t tPs bsavbrade ahpebpeisat el y

sel ect didf efgat comleerigsri A3li ghia ofiotBe gralrdeibye indexndi therence
between the clad layers 11 and 12 and the Core |layer 13 and to usé them as

the const R Haferi af° of - £Re TCHRRE | ¥éPs TESRAET 15 Carfd % hd VESASS t uent
mat eri al tofidkeessr ofl ayer ddrellayerdasiraldpedifibelmgterials thes

sel ected e capable of generating.the_refractive index differenc r eat
enough tg%{eor[a “Py%éﬂ?{ ¢ ﬁi%ﬁt ela%h b%{mg&fai ecslaocgt %@ﬁrﬁh&%o?ﬁ I gtfgr 13
and cl ad isaywts 1imangdlXo Thi speakds d tvabssi bbett, 0 iohtg@emeaadr, edts enough
refracti vg-dsdex, di,f fgrengg | i clene irecti he, opt |

wavegui d\éﬁlo thergby restrai %iaﬁige%qi Bkl%t ?rgg%tbe?nggﬁegoe% _ %rngm h‘%?ecor e
por t i ons PERkeranbY chad 4k erange aboufs 5 kansBQueitoe,and Eyepossi bl e

to suppresset perumliion ¢f i ghthePr epagrR!l | BE tApeugh ibhe €or g ok ons 14.
[ 0058] Frg[m.t he vi oi nt _ of t?e sulpapressi on of lLight attenuation,it is
preferabl@%%lgﬁﬁg the clad yers to reliably perform its

function while preventing the optical waveguide 10 from

being unnecessarily increased in a size (thickness).

- [00561] Furthér, as a constituent material of each
of the clad layers 11 and 12, it is possible to use,
for example, the - same material as the constituent
material of the core léyer 13 described above. In
particular, it 1is preferable to use the norbornene-

based polymer.

[0057]1 in this regard, in the present embodiment,
it 1s ©possible to appropriately select -different
materials in light of the refractive index difference
between the clad 1ayers 11 and 12 and the core layer 13
and to use them as the constituent material of the .clad
layers 11 and 12 and the constituent material of the
core layer 13. It is desirable if the materiais thus
selected are capable of generating the refractive index

difference great enough to totally reflect 1light in
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adhesi ons between the core layer 13 and the clad layers 1 and 1. Therefore,
the constituent material of the.clad |ayers 11 and 12 may be any nateri al
as long as it has a refractive index smaller than- that of the constituent
material of the core layer 13 and provi des enhanced adhesion with respect
to the constituent material of the core layer 13. [0059].As the

nor bor nene- based pol yner having a relatively |ow refractive index, one
includin% a norbornene repeating unit having substituted groups including
an .epoxy §Mﬂﬂﬁﬁﬁ%§aPe§W&%ﬁNQW%n§OFﬁe%§ﬁe#slﬁréﬁérgﬁéﬁEk%ﬂ?rguéﬂ a

noL_bg_r neaﬁdbasaddﬁolm_ h@éko%%@Feﬁ@ﬁq’b@éMb%@w tef r%ﬁth\é_ﬁ : adea_.fraadl i
exhi bits great adhesion, . ] Furt her,,. r bor nene- basedpol yrer i ncl udi ng
ool ky! B neHELFaBEAthg TREX! < CeE TR Sr abfy dsodtt SFRESSehe

nor bor nedexieaseidbmpol yner ithed udiops tdeel al kydvegubdeneneor; epeabhengbynit has
hi gh pl asti.Gi ty. of . h b -b |y, [ ssi bl e
to inpar t'i'teﬁﬁ:lgﬁn%frf%?(?bi F%?)&/{%t o%trhrbceM o%%?lglg V\g%gg{lﬁage fl%cgm Fgglg%] E%zca)%%l es of
an al kyl pgrdupprisicliedcdn the alagl heviesrsnedd r épeht iRy uni Asi n@ ude a

propyl greyefudty! groUPs BoReNBIe JEBURuFPIEXY| ag@Ufha @i dEPLY group,
i

an octyl _grou a nonyl .group, a decyl group and the like. Anong them it
i's espec#gﬂ %ﬁ%??é&l%&ﬂéﬁ?ﬁP%Pkghegﬁ&#%iEP?EéoﬁéxQﬁ'group. In this

regard, it is to be noted that these al kyl groups nmay be either a |inear
type or g gﬁﬁgched t¥ﬁe. [gﬁGZ]Im t he .case ere the norbornene-ba%ed

pol yner il@&Pfes t he"heRyI “REr bSFRERS YEpedi nd thi tSURRTEER S evElt the .
refractiveghidex atthermaoit fonm being i hprovece f&uabher note, sénbensech a

nor bor nenenhAsesh HObYIRE oAkl 0grEha Heyly foghar gene depgathyd uni t has

excel I ent perneabrlit or the |ight having the wavel ength region

(especi all yandedr- 850henekardesdmideqomsdiciusRt Ma5rf 82 4bISL uSEE.

[0063]|ncH@d5Ié&%&g{lhh%ﬂanﬁﬁ'ﬁé?nbem@ﬂy'ﬁﬁ§e93al as long as it

' - has a refractive index smaller than-“that of the
‘constituent material of the core layer 13 and provides
enhanced adhesion with respect to the constituent

material of the core layer 13.

[0059] As the norbornene-based polymer having a
relatively 1low refractive index, one including a
norbornene repeating .unit having substituted groups
including an epoxy structure at end portions thereof is
preferably wused. Such a norbornene-based polymer has
an especially low refractive index and exhibits great

adhesion.

~[0060] Further, a norbornene-based polymer
including an alkyl norbornene repeating unit is also
preferably used. Since the norbornene-based polymer
including the alkyl norbornene repeating unit has high
plasticity, wuse of such a norbornene-based polymer
makes it possible to impart high flexibility to the

optical waveguide 10.

[0061] Examples of an alkyl group included in the
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the clad layer 11, the side clad portions 15 and the clad | ayer 12 may: be
I dentical (sanme kind) or different fromeach other, but it is preferred
that these constituent materials have close refractive index to each other.
[ 0064] The use of such a optical waveguide 10 according to the present
invention is particularly imted, but for exanple, preferably used to data
comuni cations which use light having a wavel ength in the range of about
600 to 1550 nm though the use is slightly different dependi ng on optical
per f or nafé&Yaf QQEP%6H§PPtﬁ§Re%&&%9|le&f%qﬁg%ﬁ?eapﬁﬂﬂﬁﬁk 937°UPEO65] As

descri bed ahamel gaéhqu d heefitde grashporbi ers ff) gsodbVi dedhéptihe
pIuralltg of hlgﬁlrefraitlve I ndex areas 151 an th§ Iog;refractlvg I ndex
area 15295PY%hi rFF¥Ct €Y Rvdex P8 PHan FhafYor THEUR

refractiuheimﬁkeareAmoﬂgLtm@@BGﬁﬂui@pébp&bﬂaﬁ&wupdefﬂinﬁiotﬂangtCJthe
present Eﬂ\ée:}(il_'ekgfil 'n§58tl§r 34 eﬂ’ﬁéeﬁegplt %?%Lﬁgghp{c‘)frlgﬁh&%f nAGdd ¥E; | gdex areas

151 are 1’ncl rt of ‘eac tions
is to be noted that these alkyl groups may be either a

linear type or a branched type.

[0062] - In the case where the norbornene-based
polymer includes the hexyl norbornene repeating unit,
it can prevent the refractive index thereof from being
improved. Furthermore, since such a norbornene-based
polymer including the hexyl norbornene repeating unit
has excellent permeability for the 1light having the
wavelength region (especially,' near 850. nm) as

described above, it is preferably used.

[0063] In this regard, the constituent materials of
the clad layer 11, the side clad portions 15 and the
clad layer 12 may:be'identical'(same kind) or different
from each other, but it is preferred that these
constituent materials have close refractive index to

each other.

[0064] The wuse of such a optical waveguide 10
according to the present invention 1s particularly
limited, but for example, preferably used to data
communications which use 1light having a wavelength in
the range of about 600 to 1550 nm, though the use is
slightly different depending on optical performance of

the constituent material of the core portions 14.

[0065] As described above, each of the side clad
portions 15 is divided in . the plurality of high
refractive-index areas 151 and the low refractive-index

area 152 of which refractive index is lower than that
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f0067] Herei nafter, a detail description will be nade on the high
refractive-index areas 151 and the |low refractive-index area 152 in each of
the clad portions 15. The low refractive-index area 152 is provided in each
of the side clad potions 15 so as to be in contact with the core portion(s)
14 as shown in FIG 2. On the other hand, the high refractive-index areas
151 are provided in each of the side clad potions 15 so as not to be in
directly contact with the core portion(s) 14 as shown in FIG 2. In other
words, tRé ItB% re¥ghactpeacidese atRae¥52e®Hrovt ded bet ween the hi gh
refractive-index areas 151 and the core portion(s) 14. [0068] Furt hernore,

each of t urality, of high refractive-index areas 151 is for in a
strip snafR oI Ll aFR8r P ERrthePerROPHEI dhl FEpoBRiHign O | Ehe
refracti peesedex amgentlbdnaries achangedenoi tadt iaxi $Hamesudier baghbecone
in paral Lel-.w t.h. eack er this, e I gent urali f 3 gh
refracti%gﬁ%%égkggegga%gi %ﬁ%&ﬁ P%§£I 2 iggggﬁﬁ%%fiﬁkh %aﬁ%%ﬁglggram
shape i neglsd mfannee ¢iled pPRrtherfore, the plurality of high
refractive-index areas 151 is arranged in each of the side clad portions 15
so as to sandw ch the core portion 14 at both sides, thereof. FEurthernore,
the plurdf%&/ lof hi gReFELRRGSRe- | dedSh®hs LRSShbRALPR FWéil; i £ or med
in an el aagrt esh pahal helbegrent shapeven itdiepl &anegs visaw.arldethengohr of the

| ong side qQf each of .the high refractive-index areas 151 js preferably in

t he rang5e%fr“’lacgtolu‘f’e_Zlf1 *20 i%%s?ggndl%‘?%cpr &%r‘gﬁ?ycfiiaﬁi th rgéﬁﬁg‘ of
about 5 06.30 Theed oM t hefesgactve olnfiexsfarea siide ther pglovided in

[ 0069] FupLigy nog etdhéhé ila'egh:lgﬁ rg&‘l’:&éﬁ‘s' RAexs Jr £8s t?:%é"aivﬁ NgohPEctirip
shape are provided in each of the side clad portions 15 so as to across the
side cl adifdr thlm ISTEN PRGN (F) edtti GF tHePWBf 18s FsHown2i n PNGtRe As a

result, bicgllr Passidg tHOUuBh dihe redfdes &t Bde POhbedN 3% eRasses it harki gh
o.that jt- is_possible to reliably

refractive-iqgﬁ% ar eas 1%% b¥ n cessjégf i

exhi bit PREFIHART | Ofs 86 Het high 1Ef9%acti #8- MRAfesCRFeds £ YesBFitbed

| ater. [@07/QJ&ach aoditdethiyghesetaact iwiech ndee arews pbIthaot (@) saeh a
strip shape is%grovided spléhatzthe ax'g Ig@ﬁmghereof incligﬁs to _a back

directionto The direction 6f travel of™the Ilﬁht %3§gﬁhg ead% of %tthe core

porti onsrefnaathivespadext mrepedpendisubapviiidesl obebweaxi sthénbigh t he
core por E:'e%a]c;‘rhi@é(—ﬁﬂae&r QUSIOM B SuED a3l | AGELNBo AR {he hght

passi ng the hi refractive-index areas 151 I1n each of the side clad
portions 15 is incomng fromthe |ow  refractive-index area 152 to the high

refracti yeoeuiex arepsrthbrairout @Ridyy) bronide higha1etyadi vaighdex
areas 151 to the, low,refractive-index area 152, the light is - refractive

so as t o Fir bV Er bRAERe 2BFRSpartt onS14 B Gdcddki Ty s SABSt h the
refractive i rdelhiferengeew, Condetehn | ythiet pd waleslol ppssobl ehtighbe f ar

(1, St A 10s! URGBieatl s pOCkL Al PR RERTATC e B o0, 14
possi bl e limesur ehy rewdurlkeegonestimcpayetesh watdutgadrhg ogdwri onIof t he
light prepagatdmschifeGer e f1%d thoArdd iaRd &9 RUEHOHRE RASE 1+8n; aliethe | ght
propagating the side clad portion 15. ,

areas 151 shown 1n FIG.2 is formed in a parallelogram

shape in the planner view. Furthermore, the plurality

of high refractive-index areas 151 is arranged in each

of the side clad portions 15 so as to sandwich the core

portion 14 at both sides thereof. Furthermore, the

plurality of high refractive-index areas 151 shown in

FIG.2 is formed in an elongated parallelogram shape in

the planner view. The length of the long side of each

of the high refractive-index areas 151 is preferably in

the range of about 2 to 50 times, and more preferably
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fOO71]1n this case, an angle (inclined angle of the high refractive-index
areas 151) O between the perpendicular line to the axis line of the core -
portion 14 and the axis line of each of the high refractive-index areas 151
having the strip shape as shown in FIG 2 is appropriately set so that the
| i ght passing the side clad portion 15 is necessarily and sufficiently
refractive, depending on the refractive index difference between the high
refractive-index areas 151 and the | ow refractive-jndex area 152, the width
of the sifetiad}oIEi 8h EPOUNP the POKEIMD78] MBr & <SRRG Y i €Al EPS the
inclinedsandite idé therkiogh refractive-index areas 151 is preferably in

t he range of about 10 to 85, and nore preferably in the range of about 20

. to 70. By setting the inclined angle 0 to the above range, the |ight |eaked

fron1eacﬂ0@ﬁ&ﬂmacorEupbhEMmurdA-therhﬁghnﬁe@maotayebdndﬂxa@ryaSar away
fromthe r o] 4, e g a toeS rate
189" &, ltha %ﬁp)%t géia%%abéfg Egr Qfﬁi in g{]&th & EH@

with the noise g% int end s ace b of the opti cal
wavegui deitie - adagd reeurionsst 18 pussill eteo %@f@%l%l yhempedde tGéad/ N ratio

as a carpeiciwayead 0943] Furyhge, dheedisbancenbelamyen tsheshbg}h in
refractive-index areas 151 |3Fapp§g§r|atel set to_a pr det rmne

di st anceFfegendi AF off th&SPefract FI8 Y nBER S eFBRCH EhE€hi gh
refractiw&dduhmrameasIHﬂpaadebh¢Hewmlghrmﬁfn&etmdexun&ﬁx152eaarm

wi dt h of ch_of the side clad porti 5,. and the.like._ [0074] Furt hernore,
the wi dt I]I%gf hlé%cﬁleoq‘e?%%gﬁrghs? e1‘Q'?1 é:tl V- iR OsPsR 9510 sr%g;l)rgglyl ately
set the saighighnerhas' functhensbovaf dithanckighor refamsteive hendedt h i s

preferab the, rgp q%ég) tdrto 30 gm and nore preferably in the
range ofhéeﬁ% 20 pm ?3575] |s regard, the shape of each of the

[0070] Each of the high refractive-index areas 151
having such a strip shape is provided so that the axis
line thereof inclines to a back direction to the
direction of travel of the 1light passing each of the
core portions'14 with respect to a perpendicular line
of an axis 1line of the core portion 14. By the
provision of such an incline, when the 1light passing
the high refractive-index areas 151 in each of the side
clad portions 15 is incoming from the - low refractive-
index area 152 to the high refractive-index areas 151
and butgoing from the high refractive-index areas 151
to the low refractive-index area 152, the light 1is
refractive so as to far away from the core portion 14
by necessity Dbased on both the refractive index
differences. Consequently, it is also possible to be
far the 1light' passing the side clad portion 15 away
from the core portion 14. In the outgoing end surface
10b of the optical waveguide 10, it becomes possible to
surely ensure a distance between an outgoing position
of the light propagating the core portion 14 and an
outgoing position of the 1light 'propagating the side
clad portion 15.
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hi gh refractive-index areas 151 is particularly not limted as long as it
is formed in the strip shape (el ongated shape). Exanple of the shape

i ncl ude: a quadrangul ar shape such as a trapezoi dal shape, a rectangle
shape and a rhonbus shape; a pol ygonal shape such as a pentagonal shape and
hexagonal shape; a round shape such as an elliptical shape and an oval
shape; and the like. [0076] Here, a description will be nmade on a

conventi gnal_ qptical _wavegui de. FIG 17 is a_plan_view_show ng only
a core | d987df a coRVertlibhalCasifti cAn waPEdG déinF3GPAN 889d S afér 93
shown i ntheG higH s re@d guied-bhyndald eraraded y 281 AN0d Ngod e ar ecperti ons

94 provided in ot her, and. thr%ﬁu }nde clad portions 95,
£

arallel wi th eac
Furt her nBF&EPS %ﬁ%L?rtélﬂ%%ﬁﬁaggelﬁﬁﬁg;iﬁn%o CatiHy tB°50¢R™a core
llayer 9314l ighd erhidtangselleiueqatsn&?iaph phvicted hbghosidefomstive- |
- correspondi t e t1.0n i.n..the g of .t optica
'maveguidggg§%I%?%%%i??%n, ii&ﬁ ?2%ef&%ﬁf¥ﬁ%§é§:§g9§ﬂé¥hr%%e?gﬁﬁg t he
signal | Rghtsi apprsRieatedyposeti Go tbatespondilighto pPREsdar®: pBEti ons 94

in the igeeud ng1akdepolPQE8] | Dssuch Ly Lsdayel WBnasidicer fcfeheagtive
i ndex of the side clad portions 95 are |Iower than that of the air, the

light isTEIARAIGYef| ectERPSHEIRT er f 88 al f acEELBECGKIEH t helBAGE cl ad
por t i ons 39% fatk rafle ObkefvesaCEhéail)gh Therfehere, vd oinasy reason, 16he

incomng_lLight into the_side clad.pqrtiqons 95 1is p agat Whil e, repeating
t he totaFnFEPFE%Pi%% EF%ﬂig Tt ef a%Fmaﬁﬁﬁf%%%s %%%m%@n qﬁeogi geclad
porti onss38leard adepakrkionhdrebyah@i hheodtidsd ng the |ight fromthe outgoing
end surface 90b. Therefore, a part of the |ight propagated fromthe side
clad portions 95 reaches the light receiving elenents 98 with the signal

I'i ght whil@R72 propdjared srenitheaddne pbhei ohdcdaneds angésul, ofhe |ight
propagat edef remyhher SFd8celiadt Poidé RN ¥0a s s rLgah@edoas radagas, f en t he
signal light and the S/N ratio_as the carrier _wave is | ed.. Therefore,

"n the coRFertTBASI ot PRAR b BoUitics80, 178fle BARF oBFECEL ALY haP the S/ N
rati o asthke catgéeofnassons toprmveroand @yalsdytdhgt heopinedined
C o catlans 4 schmnayved, (2073 Manvhi e, ;g of JLgasens. whyeLhg |1 oht
of the core portions 14 is refractive so as to reliably
far away from the core portion 14, thereby enabling the
signal light to separate with the noise light in the
outgoing end surface 10b of the optical waveguide 10.
As a result, it is possible to reliably improve the S/N

ratio as a carrier wave.

[0073] Further, the distance between the high
refractive-index areas 151 is appropriately set to a
predetermined distance, depending on the refractive
index difference between the high refractive-index
areas 151 and the low refractive-index area 152, 'the
width of each of the side clad portion 15, and the
like.

[0074] Furthermore, the width of each of the high
refractive-index areas 151 1is appropriately set the
same manner as in the above distance. For example, the

width is preferably in the range of about 1 to 30 um,
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Incident into the side clad portions 95 is msalignnents between an opti cal
axis of the optical waveguide 90 and optical axes of the light emtting

el ements 97 and m snat ches bet ween a nunber of opening of the optical
wavegui de 90 and a nunber of opening of the light emitting el ements 97.

I nherently, it is preferred that optical axes of the core portions 94
correspond to the optical axes of the light emtting el ements 97, and the
nunber of opening of the optical wavegui de 90 natches with the nunber of
openi ng 8% ME1E Pt eERTPEIING Bt ehBRt 20T P % hhttal ROo#Mhe |ight emitted
fromthe light emtting elenents 97 are incident into the core portlons 94.
However, .in_the case_where,they are_.insufficient art IS

i nci dent [tog'?tbﬂe si deTBl ad Hor t1 DFRT Y5 polift i PRRci rP’?h@"’} oﬁi ng br%
surface 8Qghof ridferaopt ical indeeguiade ). U1 add t iparticthatlysi noe a
Cross-se ch he _co oY ti o4 i te, n i ght
emtti ng&é:mg%ee% %%7 z]i?;élgtar Fgang{e pl% |f%r}ﬁ%r% tglg\é?}réespo\ég%t ogﬁgg opt| cal
axes bet Wedpridrtedr esipap el ons gzampd e hef i ghe eshepengiakdmeists 97,

respecti yelayr AL TREChshRQ NUMRESL  0f 5 OPgNi YAk AdNG Lt gggpwavegw de 90.
wi th the "nunber of oEenl ng of the light emtting el enents

[ 0080] FUFEREARTFES PRPFe TRdeanHdIAMNOE SHEPS! he?epgnléfgrﬁréaa]ﬂaﬁﬁ‘@ﬁts
bfet WﬁenI tslmemraé cal pém:%.lg(ﬁnathesﬁ@peCdnth/@gal%dﬁa@(r)ﬂ')s&mbéf hea opbugdl f aXﬁs
of the Ii receiying el enents.98,. o the _number of .ope of the
opti cal | FRPES G880 T Sl CRLL I nABBE ofPBpeti ngGr { FA=PRgnt
recei vi ngngl e:rmtslge, the Iight propagat ed fromthe side cI ad portions 95
reaches the light receiving elenents 98. As a result, the S/INratio as the

carrier wave is | owered. [0081] Furthernore, another reason why the light is
i nci dent [i0®7$k he siderel ad <’=por<i¢%ﬂ§195l|0§“- t Hat1ll hebke gmade | edked@ from

t he corecgwaérpg%gglt gptttl%asi %agggqlg@rtl ons 95 on the way in the optical
wavegui de 90. | eaked_ fromthe core Bortl ons 94ég$$)a?at es through

The t
the side clad 6F;tl o]ng'é 88, PRt iR SFREMAPTo ALY he AN&Ye is
| ower ed a% @&cdmxbeﬂtabme, doBeh Thernekenei,dé n the present invention, as
descri bed above, the plurality of high refractive-index areas 151 having
the refractive index higher than that of the one area (low refractive-index
area 152)[08JMescri bad aigove ateverr arfed ahdwpr ovimedFilg .t hel par tisof each

of the s %%ﬂfﬂré’@”ﬂf”él%@rn%)ﬁ%%‘{”%ﬁ%nﬁ‘%?& thes | L8RE ELS ﬁé‘%h' sng the

si de cl a portions 15°of the opti wave passes t
refracti 9é- inteR%igedadmenarag led ﬂbls‘élﬂb?écﬁ?oroﬁl’llﬁrl ARt Ghyree lséfileactl ve

so as tocfialg aﬁ@?ﬁt&b@f@ t s . corm, PEhLHRBS l4. 1hN otﬂzﬁelouttg,omﬁrsagawface
10b of t egg{) ﬁr wavegui de 10, it is po sible to ellabl
t

di st ance FETBHY T AGL BEsittq oF4CBf 2 19T ¢ g F‘Yeﬁr 'ga éﬂ romt he
core portamﬁnftﬂrﬂgancéltémeﬂutsgm 9y poasré| onsro¥itbd I|gdat m@@agabad from

t he side cl ad por E en ii. ht disqi,ncid i de cl ad
) porti ons-cf?f,re‘i%e ﬁgdlﬁg can ere ract ve tgloé%s tO far avva #HC& ?ﬁl core
porti ons sidlepyof héihﬂ ghptéfcadct wavegndale apas I51. addltlon light '
receiving elements 98 for receiving the signal light is

provided to ©positions corresponding to the core

portions 94 in the incoming side.

[0078] In such a core layer 93, since a refractive
index of the side clad portions 95 are lower than that
of the air, the 1light 1s totally reflected in
interfacial surfaces between the side clad portions 95
and an outer space (air). Therefore, for any reason,
the incoming light into the side clad portions 95 is
propagated while repeating the total reflection at the
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[0083] Here, FIG 3 is a view showi ng one exanpl e of passages of |ight.
propagating the core layer showmn in FIG 2. According to the present
invention, as showmn in FIG 3, the light passing the side clad portions 15
(shown by the dashed arrows) is induced so as to far away fromthe core
portions 14 without affecting the light which is emtted fromthe |ight
emtting elenents 17 and passes the core portions 14 (shown by the solid
‘arrows) .- As a result, in the outgoing end surface 10b, it is possible to
arrange SRESGFHAYOTRY FOGTIDIR BELYERT nel§i §idle I FHRE BV¥PaR@d %Prom t he
~core porunensctHd suid,i cilestéyyaparing reutgbenouttges nyipdsi tiens thil of the
noi se Iig}htttﬂpr_o agat e froratﬁe_%i h ref actij\ée-i ndex areas 1%1. ﬁgrther,
it is poSSHHAL1D ﬁiﬁgréékr He® naise Ii;ﬂe¥‘? R Bei iy BT ved t 5% he i ght
recei vi ng igjhamemt spd §a telde riatym pt beestiidrey dlewed SHhirtdaions a5 t heachers er wave
from bei | o : 4 S i I 2,.:the high_r cti + 1 ndex
ar eas 15%91aer ey\g{grﬁgng%%p%ﬁ‘]é??gf :Eglvngl?%Igtgo?eg p‘a(‘)'rliclﬁongsﬁ%4.S 1%{14%(31%%1#
refracti vediditeksarreepasatade frovorithet c@tch pPattéons pdeti oS 18 there
i's a feanddhalt f hechieghts prepagal %@@eaor%mﬂstﬂé I & ganched of rom.
this contacting part to the side of the high refractive-index areas 151.
However , PR GErRRigP Ry ltther REgRARE raa%tTlﬂ?é?’%ﬁde@P%rEE? P3O0 Ryar £18P¢m t he
core portamens thd Iig/N S r2asiso blegs t aly evendride |wghe pitepapewepegd.he core
portions,f];l4 from bein brt nched to the s'ide of.thg hi%h ref.ractiye-i ndex
areas 157 eﬁfo%%ﬁt i 5 préter FEFTHRT L ORR L r PR hEERVe YRUEZUIFSSulR 't he high
refracti vheanmelexrar edg elBls i snhitdleer theanSt/Natratfi¢ hesordharearvfiegach of
t he side gl parti on mel he refractive-i X : . A
refracti \‘?’%ﬁde%%i ff%e?%%%\ée_taherégteitv\e (rell\é(llsl pyﬁef eérfa/lbl y $5%a{))§erlr%§§, and
mor e pr eCOMIBINA Q2BILHE AT esMP¥FCVPPer 1init val ue thereof may be not set
to a specific value, but is preferably about 5.5% By providing such a
sufficient refractive index difference between the high refractive-index
areas 15L087P X he | oMPRBMIACKS veOPRdeRt a2 S WhY sER8sdiifREtdSreliably
reflect tieicldenat thatont etfaci als sdef acedalet weerixteiashis of bbBe hiigh
refracti ve-Si ridex ar e?s SéL %ng thenl Oth-[ffg ctail via-i rgﬁex '%reea 1%%0 %s a
result, IMS5% Jp%%lg?ﬁ g t ar gbl? preQ/en he}fl%ht peraga?P 0 fne hi gh
refracti wervieglekdar e B350 f oprpilssi hg alxeaked ft othbe lbghtefemttived ndex
area 152 iuplipttt abh! Yand ORSEREWINA MDEByebly I BLRLEL! WSk {BAELAG i of
refractive-index areas 151 are not exposed to the 1ncom ng end surface 10a.
This nmake&s iEh9osPithiced ovavipprass t ARghe fPEMPPF opdg AR YL REe O gh
refracti verd NdeXgrad easmilddifgncelehenltisghto7i.s notneétesaihy i ngitdents to the
hi gh refracti ve-lad(raéqar eas 1h1. Consequené/l ){H it is possible to reliably
exhi bi t pﬁ?#f%? ondF (FREHFIh rFT Rt Ve iHde 4 Feal ¥ 51 4 déderi bed
above. [@FHOIPodha aidiethrandptitails pxebersedthat libat emitting

elements 97, and the number of opening of the optical
waveguide 90 matches with the number of opening of the
light emitting elements 97 so that all of the 1light
emitted from the 1light emitting elements 97 are
incident into the core portions 94. However, 1in the
case where they are insufficient, a part of the light
is incident to the side clad portions 95 positioned in
the incoming end surface 90a of the optical waveguide
90. In addition_to that, since a cross-section of “each
of the core portions 94 is minute, when the 1light
‘emitting elements 97 are arranged, it 1is hard to
correspond to the optical axes Dbetween the core

portions 94 and the 1light emitting elements 97,
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high refractive-index areas 151 are not al so exposed in the outgoing end
surface 10b of the optical waveguide 10. If the high refractive-index areas
151 are exposed to the outgoing end surface 10b, there is a fear that the
i ght having relatively high intensity are outgoing from exposed parts. If
the high refractive-index areas 151 are not exposed to the outgoing end
surface 10b, the high refractive-index areas 151 can exhibit the inherent
functions reliably,_ so that it is possible to reliably inprove the S/N
ratio. [OESHSLESHoW i PRIt GmaEch  the pRremeeredt hAPTRERI 0Pk hEPS urality
of high egitriacil veavedex ®f eas ¥3th i oMuaeerswaSopendinf rébutdeover the
whol e in_a hﬁﬂ i tudi nal direction %Eereof bet ween the incom ng end surface
10a and tH&Wut +5618ﬁd%5ﬂ%%&%§1 ‘of the optical waveguide 10. By doing
so, it is possible to reliably be far not only the incomng |light fromthe
i ncom ng urface t Si cl por.tians t o] i ght
| eaked fr@%qgt e coreF%gr%P}e%rTs 4 tgf?heégfadectgls%d p‘)"é%llbé(;nslfil E o%ﬁﬁﬁje way to
t he opti talengavaigri Wésad ignmentonbeheecs £pprepbasails . ax0980f Faheher nor e,
as showngp i3 RaveBulifR caseapherend hgpeilcsit kPl ubal idye of i goke
portions 14 and 14 gnultlchannel), if the high refractive-index areas 151 -
are proviFGEFBE RRseLER EhovE, iRUFs PSR blE tHkehr &L PREAGTse | ght
from bei g lrtﬂpeeidpdit:alowaefeg_hhg@é BQEﬁii\éﬁrtfkg:ﬁhéﬁ?wﬁ.iht Laamxgh?iki ot _
recei ving_el ements _carresponding to the core.portions ,

respect i YOS 8Ehe h%ﬁ& % i tTFECpIEiDI %lggegftﬁ c?%nt %&%UMPQES t he

si gnal | pglupdgaredeifngpn eaked fictossilalk)pdromoaishe? s cramwiess EBE90] | n
this case,: i nclj cair i _ eagh of At .he_hi racthyve- i X areas
151 prov?&éﬁﬂinqgﬁgﬂégﬂgécﬁg%égg??%on§§5 bef&keﬁ t%gsg %éce%?gcogzﬁgortions
14 and 1&Fafhyp s deher pprad- el tvayef éFede@qued he cl osest core portions 14.
Therefore, each of the high refractive-index areas 151 arranged between the

core portions 14 and_14 in paralleled with each other as sho in FIG 2
o arfandSBaH a i SRABEUSHINIE. HyinEPessiarson why the Tighe' Is

incident into the side clad portions 95 is that the

light is leaked from the core portions 94 to the side
clad portions 95 on the way in the optical waveguide
90. The 1light 1leaked from the core portions 94
propagates through the side clad portions 95, so that
the S/N ratio as " the carrier wave is lowered as

described above.

[0082] Therefore, in the present invention, as
described above, the plurality of high refractive-index
areas 151 having the refractive index higher than that
of the one area (low refractive-index area 152) as
‘described above are arranged and provided in the part
of each of the side clad portions 95. By doing so,
when the light propagating the side clad portions 15 of
the optical waveguide 10 passes the high refractive-
index areas 151, it 1is possible for thé light to be
refractive so as to far away from the core portions 14.
In the outgoing end surface 10b of the optical
waveguide 10, it 1is ©possible to reliably ensure
distances between the outgoing positions of the light
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[ 0091] FI G 9i savi ewshow nganot her configuration exanple of the first

enbodi nent shown in FIG 2. An optical waveguide 10 shown in FIG 9
is the sane as that shown in FIG 2, except that the shape of the high
refractive-index areas having the strip shape in the planner viewis
different fromthat of the first enbodinment. In other words, although each
of side clad portions 15 shown in FIG 9 has a plurality of high

refractive-index portions 151' having a strip shape in the planner view,
the pl ur REABAIATSA g 5% r BEEI RRTdERFHrITDnd 4150 hideancvF8RGAGed
triangl ephtape dis t st ptnanexighew.pr&?%&aaah hrgh reds agtiigee- tndex ar eas
the
f

151" 1 ded th is, Li f Jnclined t, back
i recti ORI AP0 1 dcti onEBE Tt ravel 0 PR ght PSS bad el ERE cor e

porti ons slidlen ¢ hadegpeactidnsa Iser pehdi dulgiit | cae dfe amedtiasxciive eb t he

core portion_ 14 ke ' refractjyve-i : ti.ons, .15 owa _ikn FIG
2. [0093%&3% efﬁlllgha.“t#g?r ?c%eiﬁlﬁdeébggeﬁgﬁgﬁér&% akr)i}avjtvalf/@f iﬁlgﬁ:h[ he core
portions refracichvef indexhiagieaef +8dti ve-i ndex areas 151' have a shape so
that a cross-section area thereof is increased gradually. Each of the high

refractive-index areas 151' having such a shape can, nore effectively
attenuat d%94f3 ) i ght PEESI nFtFe Si dbScPad”port iCIRWARI ANS; FERUPLE it is
possi bl edifo pasthgesi pf ovd gHe Stbphatatims the cestéernaygse. shoadd] I n

each of t.he ral ity of high.refractive- index areas 151" .having th
T ongat et r ARG e2ehapB It T RETE! dtercle e seeeRbun PRERFASTY "BE
i nt ernal saegire piosi tioked 3o theesi degbit t ipescoreg porheonsidei scamdacute
angl e and J.Ques, £ hag O(té}%vgiﬂéniagrt e 399LRS g 3P8LY éF?"i'sy’ixicE'@c%{i;%{cﬂa'

angl e positioned to the si 1e core portion 14 is prefera t he
range of agbote 3 fiag 3Gvavindtvene phef ecabley PeuthoRangk4 of WabBEUES to 20.

[ 0095] | natf@esg@ﬁ@@, e heargid Qhitde Sideemitted from the 1light
emittiﬂg elements 17 and passes the core portions 14
(shown by the solid arrows). As a result, 1in the
oﬁtgoing end surface 10Db, it is possible to arrange the
outgoing positions 14L of the signal light propagated
from the core portions 14 sufficiently apart from the
outgoing positions 151L of the noise 1light propagated
from the high refractive-index areas 151. Further, it
is possible to suppress the noise 1light from being
received to the 1light receiving elements 18, thereby
preventing the S/N ratio as the carrier wave from being

lowered.

[0084] As shown in FIG. 2, the high refractivel-
index areas 151 are arranged apart from the core
portions 14. If the high refractive-index areas 151
are in contact with the core portions 14, there is a
fear that the light propagating the core pafts 14 is
branched from this contacting part to the side of the
high refractive-index areas 151. However, by arranging
the high refractive-index areas 151 apart from the core
portions 14, it 1is possible to prevent the 1light

propagating the core portions 14 from being branched to
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opposite to the internal angle positioned to the side of the core portion
14 becones shorter than those of other two sides. Specifically, the Iength
of the side opposite to the internal angle positioned to the side of the
core portion 14 is in the range of about 0 02 to 0.5 tines, and nore
preferably in the range of about 0.03 to 0.2 times with respect to the
length of a shorter side in the other two sides. [0096] Furthernore, FIG 10
is a V|eM/shomnng the other, configuration exanple of the first enbodi nent
shown jntBegsipe of thephigh jgefraafdyGidddex shvRASi A5G 10 is the
sane as that shown in FIG 2, except that the shape of each of the hlgh

refracti ex areas havin he stri hape in the anner yiew i
di fferenﬁ%ﬂagﬂnthat ﬁ’f’ ﬁﬁeHIlgergs‘? ’éﬁ’% EF‘ﬁint. efnr%t%’h’@f:%\hﬂ%sln ?FhBGgh each
of side eluath nﬂtélbﬂghlﬁeﬂmmtiwneﬂﬁdeko dwsaa pbar als| thigiiehi ghan
refracti \éﬁl | nd§f< Rét |O S &;% ﬁl 8§Er shgg& ta?% L%ﬁggglhsw ew,

' t he rons

each of pIura 'ty of hig |ve in ex por
el ongat ed5rectrng ky shape i rlOche ltﬂmethﬁewml sapeaangéé@ .so t Bat an

ext ended fleishg Of ; RO aﬂdulaef%%re%@eléhé%wé@rhl xspegglp@flgfsgh@r to an
axi s Ilne of the . core portion 14. [0097] Each of the high refractive-index

portions915® Q% JhotR- i A GMOmE h&FE R ¥ndat &t Péct BRELe sh@Pe. The

| engt h Of.lp'fpbﬁ: | DDgisi des ddeeretebs Mae;ebablmbﬂ neébetobangespécabaudt 2 to
50tirres in.t t5t03

b th
Cespect VA IR 1B RSP TTRITHEHY SRR that kot PY 0B85V MY S SR M
pluralitg ofulifgk ireftr aceifsmct idex jpodexkondiibdtenser ebeawkiere the

scatt er o ehf saliuely; 50 andd. bepLag uhg 14t REoRAYALLLG, Lhe, side ol ad

portions rom t core portrons I'S posSi ci ent | y
at t enuat NG | ﬁgrﬂa pd$HA ng itthe is d@oﬁsddob%rtﬁcbnsrell&al@bﬁset@éhﬁlcﬂi it is

possi bl etk Jely abt Y hBPHoM& £ Aigc PAN Lalif) @S t Bet Rk %raa/@vsf £8Q99] These
hi gh refractive-index portions 151' and high refractive-index Eortlons 151"

exhi bi t AR HREFIRELVETL nete} RE_aST 1oHe "’l‘ﬁl‘bhtP@f LRt iRRETREEXVEOrt | ons
151 deschimnldes akowea 152. As a result, it is possible to

reliably prevent the light propagating the high
refractive-index areas 151 from being leaked to the low

refractive-index area 152 involuntarily.

[o086] Furthermore, it is preferred that the high
refractive-index areas 151 are not exposed to the
incoming end surface 10a. This makes it possible to
suppress the light from propagating the high
refractive-index areas 151 since the 1light is not
directly incident to the high refractive-index areas
151. Consequently, it is possible to reliabiy ekhibit
the functions of the high refractive-index areas 151 as

described above.

[0087] Oon the other hand, it is preferred that the
high refractive-index areés 151 are not also exposed in
the outgoing end surface 10b of the optical waveguide
10. If the high refractive-index areas 151 are exposed
to the outgoing end surface 10b, there is a fear that

the light having relatively high intensity are outgoing
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[ 0100 Next, a description will be nmade on one exanple of a nethod- of

manuf acturing the optical wavegui de 10. The optical wavegui de 10 are
manuf act ured by produci ng each of the clad layer 11 (first layer), the core
| ayer 13 (second layer) and the clad layer 12 (third layer) and | am nating
them [0101] I nthi smanufacturing nethod,itis necessary to manufacture the
optical waveguide 10 so as to be parts having different reflective indexes

in contact with each other physically and opticalléh Concretely, it is
necessar ¥ FOP ffRPaEHuPE 1Y optf cBlewdadti BRI 1BCSd VaS 1RASF | BWEliTe | ow
refl ectiugii nde¥ ateBsSekpdbsandl the chad s sndl eamdl $Arifadel Labl,y

adhere to. the core portions. 14 w thout_gaps thereanong. In.addition, it is
ecessar $ i B0 ERETAG-Ver I BEPRe2FRAEx dodaotddy, cihaBif, thE
refl ecti vehendext afeastlisthsandelhebdlyad $ayehsitlliandslddssikelealtloy adhere
to each qther ﬁgfrgﬁgggge &gﬁggiﬁﬂcggggg;e manuf acturing nethod are not

A9 ted-as 'ong as t )

particul arly e core portions 14, the high
reflective-i ndex areas 151, the |low refl ective-i ndex areas 152 and the |ike

can be predyd in thg sawBwhayeh (BEEONG | ayer) i sExgppkesrefq t h@agoncrete
manuf acturing nethod include, for exanple, a photobl|eaching nethod, a

phot ol i t R8GThpRY nERfodluraiib¥r *kpdsidly maH®RCtLVAad i AEPAG net hod,
a nononendiif fiksi prRowetldd sanda é heol et {iho3¢ | oveli $herhadbbentin as a
de me .Qf nanufact%ring t he

oD e A S TC B B 80, o Lo SRTH S
surface 10a and the outgoing end surface 10b of the
optical waveguide 10. By doing so, it is possible to
reliably be far not only the incoming light from the
"incoming end surface 10a to the side c¢lad portions 15
but also the light .leaked from the core portions 14 to
the side clad portions 15 on the way to the optical

waveguide 10 away from the core portions 14.

[0089] Furthermore, as shown in FIG. 2, in the case
where there is the plurality of core portions-14 and 14
(multichannel), if the high refractive-index areas 151
are provided as described aboVe, it is poSsible to
‘suppress the noise light from being received to other
light receiving elements than the 1light 'receiving
elements corresponding to the core portions 14 and 14,
respectively. In other words, it is possible to
efficiently suppress the signal light from being leaked

(crosstalk) from other channels.

[0090] In this case, an inclined direction of each
of the high refractive-index areas-151 provided in the
side clad portion 15 between the adjacent core portions
14 and 14 may be determined with reference to the
closest core portions 14. Therefore, each of the high
refragtive—index areas 151 arranged between the coré

portions 14 and 14 in paralleled with each other as
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[ 0104] FI Gs. 4t o8are asectional view schematically show ng process exanpl es
of a nethod of manufacturing the optical waveguide 10 shown in FIG 1. In
this regard, it is to be noted that FIGs. 5, 6 and 8 are the sectional view
in an A-Aline showmmn in FIG 2. [0105][1] First, a layer 110 is forned on a
supporting substrate 161 (see FIG 4). The layer 110 is fornmed by applying
a core layer formng material (varnish) 100 onto the supporting substrate
161, and then curin har deni ng) the same. [0106] Specifically, the |ayer
110 is f&FPE bynaplgﬂg'r ng t € coFEARgEEr 18r M nY "FARRGAl MRIENt Bt he
supporti pgcadstt@pt e 1611 to forma liquid coating thereon, and then

pl aci ng the supporting substrate 161 .on which the liquid coating has been
formed on a level table under a ventilatory state to thereby evaporate
(desol vat[@psalsol venFIcont aimed i@ t ha |i guielw coathogitmer ef anothkid e

| ueL! 9 MINENL PRELE R ST 1B o SSRGS dROAEhe kO IGILLR S0, 75
FIG. 2. : .

An optical waveguide 10 shown in FIG. 9 is the
same as that shown in FIG. 2, except that the shape of
the high refractive-index areas having the strip shape
in the planner view is different from that.of the first
embodiment. In other words, although each of side clad
portions 15 shown in FIG. 9 has a plurality of high
refractive-index portions 151’ having a strip shape in

' the planner view, the plurality of high refractive-
index portions 151’ has an elongated triangle shape in

the planner view.

[0092] Such high refractive-index areas 151’ are
provided so that axis lines thereof are inclined to a
back direction in a direction of travel of the 1light
passing each of the core portions 14 with respect to a
perpendicular line of an axis line of the core portion
14 like the high refractive-index portions 151 shown in
FIG. 2.

[0093] As the high refractive-index areas 151’ are
far away from the core portions 14, each of the high
refractive-index areas 151’ have a shape so that a
cross-section area thereof 1is increased gradually.
Each of the high refractive-index areas 151’ having
such a shape can more effectively attenuate the 1light
passing the side clad portions 15. As a result, it is
poséible to further improve the S/N ratio as the

carrier wave.

[0094] - In each of the plurality of high refractive-
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appli:cati on nethod include a doctor blade nmethod, a spin coating nethod, a
di ppi ng nethod, a table coating nethod, a spraying nethod, an applicator
met hod, a curtain coating nethod, a die coating nethod and the |ike.
However, the application nethod is not limted thereto. :

[ 0108] Ast hesupporti ngsubstratel6l, for exanple, a silicon substrate, a
silicon dioxide substrate, a glass substrate, a quartz substrate, a

pol yet hyl ene terephthalate (PET) filmand the |ike can be used. [0109] The
core | ayeéRordr MR fratedi’ ahar0ng sthemslanIateént aiangd & HRIREopADI e

materi al ther prhwhed RAlemislihowid o additive dr0ihicRadil Nngnglel east a
nonomer and,a,cat%iysag. Wien the material is irradiated b¥ active

r adi at i oROEAF ¥ Rd Fh FBECtF bSOt nENFon6REE RLEFLOPn The igbl $Rer 115.
[0110] | nathe eobtaaidiesl | aydr ldWwert heelpoh ynethetmatiniternklb admgles.

subst ant pal |y duni y di_st.ribu i r ando. [ der nd Ji.,n the .pol ymer
115, thebggg?él#\r)&eiﬁgg’ aFg‘esuﬂs %%ﬁlglil fg)?%ulrﬁ f%?%‘%glgﬁgge%soedtl?% glrdgndom
order. Aofa tksulord npohgilcayet411 phefaduiliweit20tlae e rauigst anfi al |y

uni f or m ypdhspessacy i Boa 1 andam poder prd PATALAY ayaT Ak thigliesg of such
a layer 110 i1s appropriately set depending on a“thickness of the core |ayer
13 to beaPeUed HPe28Verage thickness is not particularly linited to'a
specific value, but is preferably in the range of about 5 to 200 Am nore
preferab

preferabliygine ange obAboul 19,10, 400 AL 2 evep Mg retgLatly 1o
115 opposite. to the internal angle positioned to the side
of the core portion 14 becomes shorter than those of
other two sides. Specifically, the length of the side
opposite to the internal angle positioned to the side
of the core portion 14 is in the range of about 0.02 to
0.5 times, and more preferably in the range of about
0.03 to 0.2 times with respect to the 1length of a
shorter side in the other two sides. '

[0096] Furthermore, FIG. 10 is a view showing
the other configuration example of the first-embodiment:
shown in FIG. 2.

An optical waveguide 10 shown in FIG. 10 is the
same as that shown in FIG. 2, except that the shape of
each of the high refractive-index areas’' having the
strip shape in the pianner view is different from that
6f the first embodiment. In other words, although each
of side clad portions 15 shown in FIG. 10 has a
plurality of high refractive-index portions 151'‘
having a strip shape in the planner view, each of the
plurality of high refractive-index portions 151’’ has
an elongated rectangle shape in the planner view and is
arranged so that. an extended line of an axis line
thereof is substantially perpendicular to an axis line

of the core portion 14.
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having sufficiently high transparency (being transparent and col orl ess) and
conpatibility with the nononmer which will be . described below In addition,
it is also preferable to use the polyner 115 in which the nononmer can be
reacted (polymnerized or cross-1linked) as described bel ow, and that can
maintain the sufficiently high transparency even after the nononer are
pol ynmeri zed. [0113]In this regard, the expression "having conpatibility"
means that the nononmer can be at | east blended with the polynmer 115 so as
to cause[R89THase sepafhtidh Bételn Ither AbREGHS. it PAEXpHIHELORES in the
core |ayesifor aggshaker iah 200 .and thevkayele ldlonfatb4] Bxeephaglefl such a
pol ymer 115 i nclude_the fonsg'bt uent terigal of ths cor&sljé%é/erfladescri bed
above. | 6K case re- S Rorbofrene-BasetCPBI y e S 28%t h&®pol yner
115, si npeetfleeraimtporinenehkaseangel yoer alesata Ri gho hyedr opholeisc paogerty, it
I's possiple to i or.e | r o] di | opal_ chgnge il y
occurs d@é)%teo V\/g? tg%rjaébbglc}f ptl ?lonég(%errgag?é‘\@[ %%S]L’lg‘éﬁst%hegmtroe, g'lta hetﬁ%g
nor bor nenédthasebpotynte e beergthepfa thenwpvdyres idrsl ddianeat singl e
repeating unit or a copolymer including two or nore Kkinds of repeating
unit. [0116] Anong them a conpound having the repeating ,
. [0098] Since such a plurality of high™ refractive-

index ©portions 151’ is refractive or scattered

effectively so as to be far the light propagating the

side clad portions 15 away from the core portions 14,

it 1is possible to efficiently attenuate the 1light

passing the side clad portions 15. Consequently, it is

possible to reliably improve the S/N ratio as the

carrier wave.

[0099] These high refractive-index portions 151°
and high refractive-index portions 151’’ exhibit the
same functions as those of the high refractive-index

portions 151 described above.

[0100] Next, a description will be made on one
example of a method of manufacturing the optical
waveguide 10.

The optical waveguide 10 are manufactured by
producing each of the clad layef 11 (first layer), the .
core layer 13 (second layer) and the clad layer 12

(third layer) and laminating them.

[0101] In this manufacturing method, it is
nedessary to manufacture the optical waveguide 10 so as
to be parts having different reflective indexes in
contact with each other physically and optically.
Conéretely, it is necessary to manufacture the optical
waveguide 10 so as to allow the low reflective-index

areas 152 and the clad 1layers 11 and 12 to reliably
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~units represented by the followng formula (1) is preferably used as one
exanpl e of the copolyner. [0117]Formula (1) where the "nml' represents an
integer in the range of 1 to 4 and the "n" represents an integer in the
range of 1 to 9.. [0118]Ei'ther a polyner in which the two repeating units
I n the above fornula (1) are arranged in an arbitrary order (in a random
manner), a polyner in which the tmn repeating units in the above fornula
(1) are arranged alternately, or pol in which two or nore of each of
the two Péﬂ&ﬁﬁrEFuEthCQﬁﬁeQQ%Eb%HS 4aWﬂ§R%u%aﬁﬁ8F FF HRATNSBE -as a

kind of cepolad@eitibfl19]it the caseodwieyt he:onordopwenefn%edhpghyrrer S
used as th

|y, t d h t l,udi
-norborneﬁ&EB%%: qﬁ%ﬁbﬂgFXI a%%@%[:ﬁgége( thl§§ﬁs%§%&éf%§kﬁa?%?8§ataIyst
(second asuwkstsantgl iandeltdct edlasi t heyaddi t 1ve ah2d. 1[201826] Tweliably

nor bor negayR3sed SIONQPR! o2he o §3¢d £8among .

[0102] A concrete manufacturing method are not
particularly limited as long as the core portions 14,
the high reflective-index areaé 151, the low
reflective-index areas 152 and the like can be produced
in the same layer (second layer). Examples of the
concrete manufacturing method include, for example, a
photobleaching method,  a photolithdgraphy' method, a
direct exposing method, a nanoimprinting method, a

monomerdiffusion method and the like.

[0103] In this embodiment, as a representative  a
description will be made on a method of manufacturing
the optical wavéguide 10 using the monomerdiffusion
method.

[0104] FIGs. 4 to 8 are a sectional view
schematicaliy showing process examples of a method of
manufacturing the optical'waveguide 10 shown in FIG. 1.
In this regard, it is to be noted that FIGs. 5, 6 and 8
are the sectional view in an A-A line shown in FIG. 2.

[0105] [1] First,_ a layer 110 is formed on a
supporting substrate 161 (see FIG. 4) . The layer 110
is formed by applying a core layer forming material
(varnish) 100 onto the supporting substrate 161, and

then curing (hardening) the same.
" [0106] Specifically, the layer 110 is formed by

applying the core layer forming material 100 onto the

supporting substrate 1611 to form a 1liquid coating
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within irradi ated regions of the layer 110 which is irradiated with the
activated radiation described |later to produce a reaction product. As a
result, a refractive index difference between the irradiated regions of the
| ayer 110 and non-irradi ated regions thereof which is not irradiated with
the activated radiation is caused due to existence of the.reaction product.
[0121]In this regard,the reaction product contains at |east one kind
sel ected fromthe group conprising a polyner obtajned by polynerizing the
nor bor nefESFEIY nBRENEN ST PhECAAI nelre ( FEERSHT 1R, S&%W h&vi ng
clzrl ESS-I ijalﬁi rwalféuerr'tﬁél _1&tq1g§&ue?atqbig§i ned lb)ée&f 0§<srxhiaaki(dgg 4 hﬁe’@@llym‘«‘r

, and_a_pol yner. havin ranching chepical structure ranc ymer or
side chatADIGERTSRE gPolsS)’  bBESENeds b B ahthi THE TRBY pot (PP T 118
[0122] | n (Hdesclaset @herae soliventequontdinkst ihe tief r achinie i odekiofy each of
t he irradi i f r c hi , . - 115
havi ng aqlrt%ltrgetdfl]{/e ygﬂgv}/%r e]%ér]g%{[?ég i%gﬁsgl%&qaﬁgcgngg%gﬁ%n@éﬁt a
nor bor nesexifael wpaveef -having a refractive i ndex higher than that of the
pol ymer 115. On the other hand, in the case where it is required that the
refractive index of each of the irradi ated regions of the |layer 110 becones
|l ow, the [9d1%%er 115TRaViliy 358 athseey Ehﬁhglr%ﬂ"?’éct]i% FdekOF¥efsed in
Icorrbi na:]iu@rin#th a}:hehn@ppmﬁaertarhﬁsed%@glg?aer E@Vdaﬁl&)]@ed‘aefr@ﬂi VehieBdeX |
ower than _that of the po r.115. 1 n s rd, it.is, to_be note
Lhat t ho BB b0 PECRE 10PTide  arraeEoe RiaRegoBg S rdh an
absol ut espdlruecodtihg meftrlaedi ve ididexindumerndantd, aar ¢ladtlierecoakatigon
bet ween H@HH%&}‘”%"EB?E?iH& method,  an applicator method, a

curtain coating method, a die coating method and the

like. However, the application method is not limited
thereto.

[0108] 'As the supporting substrate 161, for
example, a silicon - substrate, a silicon dioxide

substrate, a glass substrate, a quartz substrate, a
polyethylene terephthalate (PET) film and the like can

be used.

[0109] - The core 1layer forming material 100 is a
material containing a deveiopable material formed of a
polymer 115 and an additive 120 (including at least a
| monomer and a catalyst). When the material is
irradiated by active radiation and heated, a reaction

of the monomer occurs in the polymer 115.

[0110]. In the obtained 1layer 110, the polymer
(matrix) 115 are substantially uniformly distributed in
a random order, and in the polymer 115, the additive
120 are substantially uniformly dispersed in a random
order. As a result, in the layer 110, the additive 120
are substantially wuniformly dispersed in a random

order.
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two certain materials. [0124]1n the case where the refractive i ndex of each
of the irradiated regions of the layer 110 is |lowered due to the reaction
of the norbornene-based nononmer (production of the reaction product), each
of the irradiated regions becones the side clad portion 15. On the other
hand, in the case where the refractive index of each of the irradi ated
regions of the layer 10 is increased due to the reaction of the

nor bor nene- based nononer, each of the irradi ated regi ons becones the core
portion 14. [0125] The procatal yst (second substance) is a substance that

can initiguaiihe reaghi aRdrade , tRALKIRIdFZabFORURACL | 0By ed 0586 iRk ng
reaction_or the Jikei. of th nnngner t he s%Rgéq?ce whose activation

t enper at APEHPTHENGEY FfferIERENSHNIH PR 2ar HG R Bd Odoctal YEES(fi r st
subst ancépyler beBngo r badi &bededi.t h The actewaged tlaiklatesn descniolted

bel ow. [%%‘GcliW1%?ggt aﬁgﬁhivggée ggti yat isg?e%ﬁg_pgr ature d s chapged 4(rai sed

or | ower accor | to the Trradration e activated radration can be
used as pPefswdatwl it , tha Hangdsst efcealpuse acti¥atdldh wanpematrgre is

| ower ed ?QEEéﬁiﬁh%oihh%Héngﬂﬁéi8@ abhdte Aetiyaned nadi alh@nelen
especi al yrpref erably used. This makes it pqgssible to formthe core |ayer

93 (opti &X %Mﬁﬁ&ﬁﬁﬁébiﬁ)Hﬂ/?ﬁﬁr§?ﬂ§eoﬁﬁ 204t tPe&Pném MR- a relatively

| ow tenperature. Further, it is also possible to prevent |ayers other than
the core | 93 fr bei ng_heat ed.unnecessarily. As a result, ring of
the pr opépgiﬁilopti ca Eﬂtr%\ﬁsn?ggggﬁaﬁ%b%er %) Wit h%h%pt?%gymﬁﬁvegg}gge 10
can be phewemted. [9dRFittiensIpref erfabyle t o bsenspanmmeat al ysbeiognt ai ni ng
(mainl y ' Of dn it 184 Of HRdS 1SR 5ENLAGIPY chize
For 1 ow ng R aatr P 3nd g o0 R D o™ "SRR AP FEFNLALIRY cb
monomer which will be described below. In addition, it
is also preferable to use the polymer 115 in which the
‘monomer can be reacted (polymerized or cross-linked) as
described below, and that can maintain the sufficiently
~high transparency even after the monomer are

polymerized.

[0113] In this regard, the expression “having
compatibility” means that the monomer can be at least
blended with the polymer 115 so as to cause no phase
separation between the monomer and the polymer 115 in

the core layer forming material 100 and the layer 110.

[0114] Examples of such a polymer 115 include the
constituent material of the core layer 13 described
above. In the case where a norbornene-based polymer is
‘used as the polymer 115, since the norbornene-based
kpolymer has a high hydrophobic propérty, it is possible
to obtain a core 1layer 93 whose dimensional change

hardly occurs due to water absorption thereof.
. [0115] Furthermore, .the norbornene-based polymer

may be either a homopolymer including a single

repeating unit or a copolymer including two or more
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(E (R ) 2Pd (Q 2 (la) ((E(R 3) aPd (Q (LB) p] p MCA] r (I'b) where
in each of the formulae (la) and (Ib), E(R 3 is a Goup 15 neutral electron
donor ligand, E is an el enent selected fromthe group conprising elenents
of Goup 15 of the Periodic Table, and Ris one of a hydrogen atom (or an

i sotope thereof) and a hydrocarbon group-containing noiety, Qis an anionic
ligand selected fromthe group conprising carboxylate, thiocarboxylate and
di t hi ocarboxyl ate. Further, in the formula (lb), LBis a Lewis base, WCA is
a weakl yk éé@%ﬁﬂﬁ%t?%@eéﬁHﬁg Uttis an integer of 1 to 3, "b" is an integer
of 0 to 2, a total nunber of "a" and "b" is 1to 3, and "p" and "r" are

i nt egers fgét intagging bgl.ance between an electronl char e og.a

pal | adi u on an 81 15Bni & FAPRR_UBE r}}?evjv/%%k Fﬁ tf¥ ani on. -
[ 0129] Exampiltess afemnesgrmpldar Yoypr octas al ﬁellowmg:orﬁiatnmelm t 19 he ifsor nul a

(la) inc - Pr ( 328 3) 2 (P (CY) 3)
2, Pd ( %%efzé:%%ggs {o%%%gg@?%) ?‘4&5)% é ﬁgqé’ (02CC6H5) 3 (P
(Cy) 3) 2, where Cp is a cyclopentyl group and Cy is a cycl ohexyl group,
but the gpanpiary pregahaligst(dys not limted thereto. [0130] Further, a
procat al yst cont ai ni ng compounds, represented by the fornmula (1b), in which

each of "p" and/"q" is sehNected/froman i Rteger of 1 or 2, is preferably
used.

(M

where the “m” represents an integer in the range of 1
to 4 and the “n” represents an integer in the range of
1 to 9.

[0118] Either a polymer in which the two repeating
units in the above formula (1) are arranged in an
afbitrary .order (in a random manner), a polymer in
which the two repeating units in the above formula (1)
are arranged alternately, or a polymer in which two or
more of each of the two repeating units are arranged in

a block manner may be used as a kind of copolymer.

[0119] In the case where the norbornene-based
polymer 1is used as the polymer 115, it 1is preferred
that one .including the norbornene-based monomer, a
cocatalyst (first substance) and a procatalyst (second

substance) is selected as the additive 120.

[0120] The norbornene—based monomer are <reacted’
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[ 0131] Exanpl es of an exenplary procatal yst in accordance with the formul a
(I'b) .include Pd(OQAc)2(P(Cy)3)2, where Cy is a cycl ohexyl group and Ac is an
acetyl group. [0132] Use of these procatal ysts makes it possible to
effectively react the nmononmer. In the case where the nononer is the

nor bor nene- based nononer, the use thereof nakes it possible to effectively
pol ynmeri ze or cross-linking react the nononmer via an addition

pol ymeri zation reacti on. %0133 The cocatal yst(first substance)is a

subst anc¥ i | 4 TF&dIAEd &#?k?ﬂﬁi?#a'@ﬁe&ﬂM?% e adfiicdt eds

radi at i on radi Catte 8 hRigh e agdt Vahiced tenpedelone defsdihiebéedotatalyst

(that is, a poIg&géization initiation t%ﬂperature of the nononer). [0134] As

such a c&at eﬁ’il Snyasubrs%aa%%%oganpﬁfé) 1EY as I%ﬁg & it°Ts acti vated due
to changeefrzantiva orindesavade]fereacehehaabesnr uther e iheaddhtied bei ng

| rradiat ed Wd [l the a%%ev-atlgq;%]?d'l%.td OQngi“en%?lQé‘Exa}a/&#a)QQBOt géa'%@t or)

cont ai ni.n mai nl y consisted-of) conpounds that ‘are cl eaved by~being

i rradi at fegiarf acthvaedi fadi@ati ohr KadildFad predet erth e WBVERERSt h so

that theyZ_fiiucen Cald ORguSEE @8ePrdd ORK it eI PpOSkhievertgnsiand weakly
coordi nating anions (hereinafter, referred to as "WCAns) can be preferably

used. | nPEi*G%gard, each of the weakly coordinating ani ons can substitute
for a cleavable group included in the procatalyst.

[0121] In this regard, the reaction product
contains at least one kind selected from the group
comprising _é' polymer obtained by polymerizing the
norbornene-based monomer in the polymer (matrix) 115, a
polymer having cross-linking chemical  structures
obtained by cross-linking the polymer 115, and a
polymer having branching chemical structures (branch
polymer or side chains (pendant groups)) obtained by

branching the polymer 115.

[0122] In the case where it is required that the
refractive index of each of the irradiated regions of
the layer 110 becomes high, the polymer 115 having a
relatively low refractive index is used in combination
"with a norbornene-based monomer having a refractive
index higher than that of the polymer 115. On the
other hand, in the case where it is required that the
refractive index of each of the irradiated regions of
the layer 110 becomes 1low, the polymer 115 having a
relatively high refractive index is used in combination
with the norbornene-based monomer having a refractive
index lower than that of the polymer 115.

[0123] In this regard, it is to be noted that the
term “*high” or “low” for the refractive index does not
mean an absolute wvalue of the refractive index, but

means a relative relation between refractive indexes of
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[ 0135] Exanpl es of the weakly coordinating anion include a tetrakis

(pent af | uorophenyl) boric acid ion (hereinafter, referred to as "FABA-"), a
hexafl uoro antinmonic acid ion (hereinafter, referred to as "SbFC ") and
the like. [0136] Exanpl es of the cocatal yst (photo acid generator or photo
base generator) include tetrakis (pentafluorophenyl) gallate, alum nates,
ant i nonat es, ot herborates, ot hergal | at es, car boraneand

hal ocar bor anesi naddi ti ont ot etraki s (pentafl uorophenyl) borate and

hexaf | uoF¥Cart§ ot eMaF6FIAFurt her, the core |ayer forning material 100

[0124] In the case where the refractive index of
each of the irradiated regions of the 1layer 110 1is
lowered due to the reaction of the norbornene-based
monomer (production of the reaction product), each of
the irradiated regions becomes the side clad portioh
15. On the other hand, in the case where thé
refractive index of each of the irradiated regions of
the layer 10 is increased due to the reaction of the
norbornene-based monomer, each of the irradiated

regions becomes the core portion 14.

[0125] The procatalyst (second substance) 1is a
substance that can initiate the reaction (e.g.,
polymerization reaction, cross-linking reaction or the
like) of the monomer, the substance whose activation
temperature is changed under the action of an activated
cocatalyst (first substance) by being irradiated with

the activated radiation described below.

[0126] Any substance whose activation temperature
is changed (raised or lowered) according to the
irradiation of the activated radiation can be used as
the procatalyst, but a substance whose activation
temperature is lowered according to the irrédiation of
the activated radiation is especially preferably used.
This makes it possible to form the core layer 93
(opticai waveguide 10) by carrying out a heat treatment
at a relatively low temperature. Further, it is also
possible to prevent layers other than the core layer 93
from being heated unneceséarily. As a result, lowering
of the property (optical transmission property) of the

optical waveguide 10 can be prevented.

[0127] It 1is preferable to wuse the procatalyst
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ay -contain a sensitizing agent, if needed. [0138] Furthernore, the core

| ayer formng material 100 nay contain an anti-oxidizing agent. This nakes
it possible to prevent generation of undesirable free radicals and/or

nat ural oxidation of the polynmer 115. As a result, it is possible to

| nprove properties of the obtained core |layer 13 (optical wavegui de 10).
'[0139]In this way, the layer 110 is forned on the supporting substrate 161
by using the core layer formng material 100. At this ting, the |l ayer 110
has & {1 FSPEAGAIRT | VERRhBLY. FRFS T8t efohEL 196 | HORRY) sOBEt aPhed under
the acti epmpefuride papmresedtsdandyt heheoroEl oWiager Sedm@dist r i ba) ed)
uniform nEP(Hﬂ% | ayer 110. [0140] Furthernore, in the descriptions of the
above additive 120, the description was made on the exanple of the case of
t he nor bor nene-based nononer as the nonomer. However, other . nononers than
the norbgpHeng- based nononer may be used as |ong as they have pol ynmerizable
parts. Exanples of such other nononers include an acrylic acid (nethacrylic
aci d)- based nononer, an epoxy-based nononer, a styrene-based nononer and
the |ike. The§E fBRdogrrsPead{ @k used singly or in conbrfdadn of two or nore

of them [OlpETOR)CH alat(Q) ¢hdRndditifwecp my be(Ip)

where in each of the formulae (Ia) and (Ib), E(R); is a
Group 15 neutral electron donor ligand, E is an element
selected from'the group comprising elements of Group 15
of the Periodic Table, and R is one of a hydrogen atom
"(or an isotope thereof) and a hydrocarbon group-
containing moiety, Q is an anionic ligand selected from
the group comprising carboxylate, thiocarboxylate and
dithiocarboxylate. Further, in the formula (Ib), LB is
a Lewis base, WCA is a weakly coordinating anion, “a”
ig an integer of 1 to 3, “b” is an integer of 0 to 2, a
total number of “a” and “b” is 1 to 3, and “p” and “r”
are integérs for maintaining Dbalance between an
electronic charge of a palladium cation and an

electronic charge of the weakly coordinating anion.

[0129] Examples of an exemplary procatalyst in
accordance with the formula (Ia) include Pd(OAc)z(P(i—
Pr)s) 2, PA (OAc) 2 (P(Cy)3) 2, Pd_(OZCCMe3)2(P(CY)3)2/
PA(OAcC) ., (P(Cp)3)a2, Pd (O,CCF3) . (P(Cy)3)2 and
'Pd(ozccsHQ3(P(Cy)3)2, where Cp 1is a cyclopentyl group
and Cy 1is a cyclohexyl group, but the exemplary

procatalyst is not limited thereto.

[0130] Further, a procatalyst containing compounds
represented by the formula (Ib), in which each of “p”
and “g” 1is selected from an integer of 1 or 2, 1is

preferably used.
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appropriately selected according to the kind of nononer. In the case where
the nononer is the acrylic acid-based nononer or the epoxy-based nononer,
the addition of the procatal yst (second substance) can be omtted.
[0142][2] Next, as shown in FIG 5, a mask (nmasking) 135 provided with
openi ngs (w ndows) 1351 is prepared, and then the layer 110 is irradi ated
with the activated radiation (activated energy beam 130 through the nmask
135. [0143] Hereinafter, a description will be made on a case that nonomer
having a refractive index |ower than that of the polyner 115 is used and a

refracti\{elisril_qex of tRempoes | ayer &ar me%ngﬁiﬁym pteQatslpaer edni n the
irradi ated regjons 125 tﬁp have been irra t ed mﬁtgpthe actl at.ed

radi at i ofCESF2FH124] Naifel in thfs cafér W irradif®ed rebto Edf25 whi ch
have beerdi( IO:Aadlza(tzedL‘w; hz t vhexct i Cat ad madiyatlone:$d becoane 4hé how
refractlgg qu§:3£§? é |n each of the side clad portions 15. .

[ 0145] Therefore h se, the mask 135 has openi ngs (w ndows) 1351
having a pattern correspondlng to those of the |l ow refractive-index areas

152 to bgohared. ‘Thegse epeningselndodefingsast maNedl sqitonPesiher through
whi ch the activated radiation 130 to be used for_irradiating is passed

[0146] ThéOneskE 85 1@/ e TeREHer CRmIURIGRPE hak the case where

the monomer is the norbornene-based monomer, the use
thereof makes it possible to effectively polymerize or
cross-linking react the monomer via an addition

polymerization reaction.

[0133] The cocatalyst (fEirst substance) is a
substance that is activated by being irradiated with
the activated radiation and can change the activation
temperature  of the procatalyst (that is, a

polymerization initiation temperature of the monomer) .

[0134] As such a cocatalyst, any substance can be
used as long as it is activated due to change (reaction

or cleavage) of a chemical structure thereof by being

irradiated with the activated radiation. The
cocatalyst (photoinitiator) containing (mainly
consisted of) compounds that are c¢leaved by beihg
irradiated with activated radiation having a

predetermined wavelength so that they produce cations
such as protons or other positive ions and weakly
coordinating anions (hereinafter, referred_ to as
“WCA”s) can be preferably used. In this regard, each
of the weakly coordinating anions can substitute for a

cleavable group included in the procatalyst.
[0135] Examples of the weakly coordinating anion

include a tetrakis (pentafluorophenyl) boric acid ion

(hereinafter, zreferred to as “FABA™ "), a hexafluoro
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been 'made i n advance (independently) such as a mask having a plate shape or
a mask which is forned on the layer 110 using, for exanple, a vapor phase
deposition nmethod or an application nethod. [0147] The activated radi ation
130 to be used has only to be able to cause an optical reaction (change) of
the cocatal yst. For exanple, an electron ray, an X ray or the |like can be
used in addition to a visible light, an W light, an infrared light and a

| aser beam [0148] Wien the layer 110 is irradiated with the activated

radi at i oANEIMANGugs ithelpaskK 3R inaitescateg figrredi sl 3gbstHMe)

exi sting-wi ti the iLhkadi ated regi ons 125 which have been irradiated with
the activated radiation 130 are reacted (bonded) or cl eaved under the
action of the activated radiation 130, to thereby extricating (producing)

t he cati qog.3g¥r ot onSERamPtLker poSi t itk | oBsraand de Wephlot ooadikat i ng

anions (WCAs). [0149] At this tine, the cations or .th akl gordi natin
ani ons gﬁﬁﬂﬁ??&?%av 5 éH@ﬁf%an%??uc?EP8§a .ﬁ%uaﬁﬂiaéﬁgly%? f%géénd'| °
subst r at d pestiasti 1ngraphkiny t)he gdaklali @t edategioasekP5. aist tmeorabks, the
procat a'it{lzaéé’]sl br guglledant 0 tBERAG! I VegRuh dealent skatecdatent apd ve

state). n this regard, it 1s to_be noted that 1n the case where
| i ght haWied@daxprEarresti vit yiBuch ast4fetigSer beabPi s usetebsakhE

acti vat eq plrearpﬁaaﬁi@arééaentyilq usert et Baamasd«dSbusey Batamddeee . [ 0151] [ 3]

Next, the layer 110 is subjected to a heat treatnment (first heat
treatnent). At this tinme, the procatalyst in the active but latent state is
[0137] Further, the core layer forming material 100

may contain a sensitizing agent, if needed.

[0138] Furthermore, the core layer forming material
100 may contain an anti-oxidizing agent. This makes it
possible to prevent generation of undesirable free
radicals and/or natural.oxidation of the polymer 115.
As a result, it is possible to improve properties of

the obtained core layer 13 (optical waveguide 10).

[0139] In this way, the layer 110 is formed on the
supporting substrate 161 by using the -core layer
forming material 100. At this time, the. layer 110 has
a first refractive index. This first refractive index
is obtained under the actions of the polymer 115 and
the monomer dispersed (distfibuted) uniformly in the

layer 110.

[0140] Furthermore, in the descriptions of the
above additive 120, the description was made on the
example of the case of the norbornene-based monomer as
the monomer. However, other . monomers than the
norbornene-based monomer may be used as long as they
have bolymerizable parts. Examples of such other
monomers include an acrylic acid (methacrylic acid)-

based monomer, an epoxy-based monomer, a styrene-based
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activated (brought into an active state) within the irradi ated regions 125,
as a result of which the nonomer is reacted (polynerized or cross-1inked).
[ 0152] When the reaction of the nononer progresses within the irradiated
regions 125, a concentration of the nonomer therein is gradually | owered.
In this way, a difference between the concentration of the nononmer in the
irradiated regions 125 and a concentration of the nononer in the

non-irradi ated regions 140 is, caused. In order to elimnate, the difference,
t he nonoMER LG ai ithe hel HoR: i rr JNSH®d TR BRES 14630 BFf f HEEF and
assenbl edingityheor r f Adcaimed g omso 25 wol s pdeaoo€Enahans. referred to as
"mononer diffusion". [0153]As a result, the nononer and/or a reaction
product thereof (polyneric nolecules, and products having cross-|inking
cheni cal [otlr4idt ur es Bhebr aathilys tchdam cdllst r reddir esyear el 86r emsgdwioehi nt he

i rradiat ' . ] gStr riyed f t nopgr
renarkab%%pﬁgggggitég?ecsgggé?E%dref%gég?ggngﬁdeggof_% €1i?$§g?atg§ regi ons
125 so t Rendmey s | bRetd® upR$e ¥hexonbheefMonanse LAdERS oREFYLR&N t he

firzt rgfa&ﬁihwaesé?demenb@etxhhi %ﬁasﬁqeadéi%?iggﬂbbjé@(ﬂrﬁ@rhﬁﬁ?a cBeai n’IK
produced as,.the pol ymer of the nmononer. t he ot her  han i nce the
nononer iagdd‘itflf eﬁ%f rORT t BE Hoht fYﬁéi a{se%lc?%&qoﬁ%’goﬁﬁ%n‘f@eac&f&o  he

i rradi at ethingggdns 125, an anount of the nonomer contained in the
non-irradi ated regions 140 is | owered. The polyner 115 renmarkably has an

effect on the refractive index of the non-irradiated regions 140 so that it
is incred9dcd2ip to alehirfexdfraczfveshedex higheFIGhan The &irsask

refracti Vgddide¥y) 135 provided with openings (windows) 1351 is
' prepared, and then the layer 110 is irradiated with the
activated radiation (activated energy beam) 130 through

the mask 135.

- [0143] Hereinafter, a description will be made on a
case that monomer having a refractive index lower than
that of the polymer 115 is used and a refractive index
of the core layer forming material 100 is lowered in
the irradiated regions 125 which have been irradiated

with the activated radiation 130.

[0144] " Namely, in this case, the irradiated regions
125 which have been irradiated with the activated
radiation 130 become the low refractive-index area 152

in each of the side clad portions 15.

[0145] - Therefore, 1in this case, the mask 135 has
openings (windows) 1351 having a pattern corresponding
to those of the low refractive-index areas 152 to be
formed. These openings 1351 define a transmission
portion through which the activated radiation 130 to be

used for irradiating is passed.

[0146] The mask 135 may be either a mask which has
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f0155]In this way, a refractive index difference between the irradi ated
regions 125 and the non-irradi ated regi ons 140 (second refractive index <
third refractive index) is caused.As a result, the core portions 14, the
hi gh refractive-index areas 151 (non-irradi ated regions 140) and the | ow
refractive-index areas 152 (irradiated regions 125) are formed as shown in
FIG 6. [0156][4] Next, the layer 110 is subjected to a second heat
treatnment. By doing so, the procatal yst remaining in the irradiated regi ons
125 . 1- 186X t R@dfoniPr radyafes r é@PGﬁ?ePﬂ?fi%lﬁgt iSAERed ADr SughtSknt o t he
active shawahndgliaepllaedrshhpet her agt imsafd owhotht s cpeahnaklydn Ahea

resul t, ;he nnnqg&r renainigg in each of the irradiﬁted and non-irradi ated
regi ons 128€nd 120U5 ¢S eattEd ST 1 net MiSP WayP By S PRYEERE nonomer
remai ni ngeitihcehodr odnt hppilrircedi abedmantiodan- i rradi at ed regi ons 125 and 140,
‘it is possi-ble to stabilize the obtained core portions 14, the high
refractive-index areas 151 and the | ow refractive-index areas 152.

[ 0158] [ 5][0R&%t], t he Thgerctlivateduljatiatdion aihi te heat usesht hest. This

makes it passipbeplo Jduced ntgnbal = régﬁiwlc%&QHE@o%CCPéhétHgE?e '
obt ai ned core layer 13 _and to further stabilize the core portions , the
hi gh ref PactihRe- FREEL3EYSs 159°8n¢X AT 1w A 1§ VEORNd&Y -ar@Rs X152,

ray or the like can be used in addition to a visible

light, an UV light, an infrared light and a laser beam.

[0148] When the layer 110 is irradiated with the
activated radiation 130 through the mask 135, the
cocatalyst (fEirst substance) existing within the
irradiated regions 125 which have been irradiated with
the activated radiation 130 are reacted (bonded) or
cleaved under the action of the activated radiation
130, to thereby extricating (producing) the cations
(protons or other ©positive ions) and the weakly

coordinating anions (WCAs).

[0149] At this time, the cations or the weakly
coordinating anions change (cleave) chemical structures
of the procatalyst (second substrate) existing within
the irradiated regions 125. As a result, the
procatalyst is brought into the active but latent state

(latent active state).

[0150] In this regard, it is to be noted that in
the case where light having high directivity such as
the laser beam is used as the activated radiation 130,

the use of the mask 135 may be omitted.
[0151] [3] Next, the layer 110 is subjected to a

"heat treatment (first heat treatment). At this time,

the procatalyst in the active but 1latent state is
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[ 0159] Thr ough the above steps, the core |ayer 13 (second |layer) is

obt ai ned. In this regard, it is to be "noted that in the case where
the refractive index differences between the core portions 14 and the high
refractive-index areas 151 and between the core portions 14 and the | ow
refractive-index areas 152 are sufficiently caused before the layer 110 is
subjected to the second heat treatnent and/or the third heat treatnent,
this step [5] and/or the above step [4] may be omtted. [0160][6] Next, as
shown i n@Fft@vated helR¥aaahtyeint® (3n) 3gtiBemedtaket hewdtpdar t the

substrat e r¥62114©481] ExaaphRs af2®, fosgi ng mekhed tof dhe ghadnl ayele 11 (12)
i ncl ude vari ous net hods suc a;%f net hod jn which a vani sh containing a
évgr

cl ad mat BPRA"el HadF Rge rag: QI §TPESapAR &R ont 0 t he

supporting substrate 162 and the sane is cured (hardened) and a nmethod in
whi ch a r co Lt having.a curipg. property is applied onto the
supportiﬁquu stra?2ﬁ§8 gﬁﬁatﬁgaggéén}soguF' (%3P§8ﬁédﬂ£PT%E%§FFﬁ t he
case whewdtihel chhe |byerdiate®2)regiposnelR bisi By annappltireetiom ot hod, .
exanpl es t¢fe (ivhSReLT ¢aldy ATt Hod bR aléﬁégeﬁqat 0 ¢@fbog,2a di pping
met hod, a table coatlngbneth d, a“sprayi ng nethod, an applicator thod, a
curtai n BodtthfeKEnKEd, PALURENCJERE NG IRARIEr ARdOPhef | kde monomer

in the irradiated regions 125 and a concentration of
the monomer in the non-irradiated regions 140 1is
caused. In order to eliminate the difference, the
monomer contained in the non-irradiated regions 140 1is
diffused and assembled to the irradiated regions 125.

This phenomenon is referred to as “monomer diffusion”.

[0153] As a result, the monomer and/or a reaction
product thereof (polymeric molecules, and products
having cross-linking chemical structures or branching
chemical structures) are increased - within the
irradiated regions 125. Chemical structures derived
from the monomer remarkably have an effect on the
refractive index of the irradiated regions 125 so that
it is lowered up to a second refractive index lower
than the first refractive index. In this case,
addition-type (co)polymer 1is mainly produced as the

polymer of the monomer.

[0154] On the other hand, since the monomer 1is
diffused from the non-irradiated regions 140 to each of
the irradiated regions 125, an amount of the monomer
contained in the non-irradiated regions 140 is lowered. .
The polymer 115 remarkably has an effect: on the
refractive index of the non-irradiated regions 140 so

_ that it is. increased up to a third refractive index
higher than the first refractive index.
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[0163] As the supporting substrate 162, the sane one as the supporting
substratel6l can be used. In this way, the clad layer 11 (12) is
formed on the supporting substrate 162. [0164][7] Next, as shown in FIG 8,
the core layer 13 is peeled off fromthe supporting substrate 161, and then
it is put between the clad layer 11 (first layer) fornmed on the supporting
substrate 162 and the clad layer 12 (third layer) forned on the supporting
substrate 162. [0165] Thereafter, as shown using arrows in FIG 8, the
supporti h§18st r at eIn6Ehis coApressed Shors bhvapperdexr fhidef ergBCef t he

SUpmeiBgtwééﬁra£§e16%f¥de&€thh%é&f@héaYQQ§2 4saf orymd, senthat- the
clad layers 11 and_12 and the corg%layer 13 are bonded together. [Q166]In

this waylTfREIAERA| BFELENFL 1 13SFPRAsTILRARATEANE MK I ayelfYLEnd the

core | ayeeflddtsieeond daeser) iaf echondell andginaf i edsull@l67khee i sopeeferred

that thl%o%@¥g§§5129 the high refractive-index areas 151 (non-
irradiated regions 140) and the low refractive-index

areas 152 (irradiated regions 125) are formed as shown

in FIG. 6.
[0156] [4] Next, the layer 110 is subjected to a
second heat treatment. By doing so, the procatalyst

remaining in the irradiated regions 125 and/or the non-
irradiated regions 140 is activated (brought into the
active state) directly or via the activation of the
cocatalyst. As a result, the monomer remaining in each
of the irradiated and non-irradiated regions 125 and

140 are reacted.

[0157] In this way, by reacting the monomer
remaining in each of the irradiated and non-irradiated
regions 125 and 140, it is possible to stabilize the
obtained core portions 14, the high refractive-index

areas 151 and the low refractive-index areas 152.

[0158] [5] Next, the 1layer 110 is subjected to a
third heat treatment. This makes it possible to redﬁce
internal streSs which would occur in the obtained core
layer 13 and to further stabilize the core portions 14,
the high refractive-index areas 151 .and the 1low

refractive-index -areas 152.

[0159] Through the above steps, the core layer 13
~ (second layer) is obtained.
| l - In this regard, it is to be 'noted that in the
case where the refraCtive index differehces bétween_the

. core portions 14 and the.high'refractive—index areas
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operation is carried out with being heated. A heating tenperature is
appropriately sel ected depending on the constitute materials of the clad
| ayers 11 and 12 and the core layer 13 or the like, but is, in general,
preferably in the range of about 80 to 200C, and nore preferably in the
range of about 120 to 180C. [0168] Next, the supporting substrates 162 are
peel ed off and renoved fromthe clad layers 11 and 12, respectively. In
this way, the optical waveguide 10 (optical wavegui de according to the
present HAdenfingh) H&CWRRRI nkle [ 0989 ARG RSt 014 he2BBovElRRet AOH, it is

" possi bl erk@ diinddeifaes PARdHHS 142andhidde bighikalerActy vechndey areas
151 sinmult neouslﬁglq}the sane nmanufactuyrin rocess. Therefore
nt

It 1Is
possi bl ePEFHF i E FYBFodued tFe PrGReF ctPvéhhdsecaehshest and the
| ow refr ackiataramitdexral s e wthiad heeteasragtaentibethdfs pseeess to a

conventi | manuf aciuring nmet hod, [ 0] Thecor epoar tionsl4andt hehi gh
refractiagﬁiﬁ'e (%Feggelg%cﬁF%d%%%% ?%?thFl &%@ %?é£58 stituted of the sane
kind of material. Therefore, a coefficient of thermal expansion of the

mat eri al [of gdie Corepor kieqs s i sneaualid G ac coef ficgienty dhe gk,
expansion of the material in the high refractive-index areas 1517 It is
possi bl elto educks déPEred QUtH-Re FEPPAFEINh YRPEREASSt i1&A - wavegui de 10
according to the tenperature change, the peeling between |ayers and the

i ke as red with a case of constituting themof.the different nateri al
to cach JOHBAI [01718AS™Hees | BEd Abot@T™iRY JBEEAG | 6 hhgehenafade on
t he net hadyefr nenhuflact)urimgl te opidicals waeedundde dchces i ngethotdhe

doscrt bed alve oy KA HAED BeARdTod o ShnRbE g T heB Al
wavegui déayer [DayRiagomatteehpli n itsheaphotisideawh g tinet ltbpdovEing
substrate 162 and the same is cured (hardened) and a
. method in which a monomer composition having a curing
property 1is applied onto the supporting substrate 162

and the same is cured (hardened).

[0162] In the case where the clad layer 11 (12) is
formed using an application method, examples of the
application method include a spin coating method, a
dipping method, a table coating method, a spraying
method, an applicator method, a curtain coating method,

a die coating method and the like.

[0163] As - the supportihg substrate 162, the same
one as the supporting substrate 161 can be used.

In this way, the clad layer 11 (12) is formed on
the supporting substrate 162.

[0164] [7] Next, as shown in FIG. 8, the core layer
13 is peeled off from the supporting substrate 161, and
then it is put between the clad layer 11 (first layer)
formed on the supporting substrate 162 and the clad
layer_ 12 (third 1layer) vformed on the supporting
substrate 162. ‘
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exanple, used is the core layer formng material containing a cleaving
agent (a substance) that is activated by being irradiated with activated
radi ati on, and a polynmer that includes a main chain and cl eavabl e groups
(cl eavabl e pendant groups) branching fromthe main chain and having a
chem cal structure in which at |l east a part of the chem cal structure can
be cl eaved and renpved fromthe nain chain under action of the activated
cl eaving agent. After the core layer formng naterial is applied onto the
supporting substrate in a |layer manner, the cl eavable groups are cl eaved
(cut) by ronadi ati ngrhlgeadiiatat edsr adbahi UL SHehagsoukt Hayi@t@t Bay to the
part of the | ayer, thereby changln%%(lnprovlng or lowering) the refractive
i ndex of tBRe FHPPOHOINSxaFPPECIALES he Sef ratt ISARRTRRRSHs FHRBr e
accor di ngpp@xt h@uzfag\eagei@é htd‘feI chea\e?mpogt@ngsaswmatér ach at gd wiht h
activated, radi afjon o t he w refractive-index areas, k152 and .ot her
v eas. boBBHET nEPGor el §0r CIDRET 14 r "ehel FTGRCr el TR0V | hito: GrEfs 151,
After théayers | djer ahd i 32f oandd thet htsreaylayvhe clad dagerisoddedand 12
are bonded tq h surfaces of the core layer 13 as described above.
[0173] On {He ot her hand, in the photolithography nmethod, for exanple, a
| ayer of the core portion formng material having the high refractive index
is appligdites]the clad lenes lyayandthe t karad he ppepsporii ogagléiand a
resist filmhaving a shape corresponding . to the high refractive-index areas
151 are f&rmEF oﬁgﬁ’ﬁélﬁ &r B?lifﬁe Jp%?gl)i.t%ﬁréd}ﬁ/ CEAMOl-8YFE Thén, the
resi st fi(bmcdondiskdlyas) aanreshonded ebyidetuetiifniged he | ayer of core portion
formng material. By doing so, the core portions 14 and the high
refractive-index areas 152 are obtained. Thereafter, a clad portion formng
mat eri al [Ba®i7dg a relThti vidy Powfefradti viehandexhss apglampressdnghem so
as 10 COug e &9 esPUdd e 18 NG, 11k Bedlhd BlLaethve. indsyaaifigs 152
Consequently, gaps between the core portions I4 and the high
refracti CEMPFIAE W @ad SIFPRYPFLPtEd Yni $ALERECE ACLPORELBA VR ntRE
mat eri al cbasfitite t hateaW 4 BE 1 a€t itvige | Bdedd argpersShi1 Fanthernogag the

' d.onto. the %the.core ortions 14,

| ad f i terjal i | i .
fhg hPSL h%?rﬁg%gbgf?ggﬁgrgseéégla E%hglﬁﬁé I@Wtrg% acttVe-99e%k3areas 151)

SO0 as topteferrdiieyn iso thetrahgeclodd dlayet B2 itso obvarwed.afdlmMéysSecond
Enmbodi rreg%_%felram%lv%gmx;:hea I%ngcénbg%ggp ‘Mt' '1%3 ggdfsggca second enbodi nent

of the optica ulrdeaccor € _present rnvention. [0175]FIG
11 is a plan view showing only a core |ayer of a second enbodi nent of the

optical Wgueayi de acgerdi ng drd t Nguppesentd NVeibiPPates 162 are
peeled off and removed from the clad layers 11 and 12,
respectively. In this way, the optical waveguide 10
(optical waveguide according to the present invention)

is obtained.

[0169] According to the above method, it is
possible to form the core portions 14 and the high
refractive-index areas 151 simultaneously in the same
manufacturing process. Therefore, it 1is possible to
efficiently produce the high refractive-index areas 151
and the low refractive-index areas 152 without
increasing a number of process to a conventional

'manufacturing method.

[0170] The core portions 14 and the high
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Herei'nafter, the description will be nmade on the optical wavegui de
according to this enbodi nent, however the optical waveguide wll be
descri bed with enphasis placed on points differing fromthe optical
wavegui de according to the first enbodiment. No description will be nade on
the sane points. [0176] The optical wavegui de according to this enbodi nent
Is the sane as that of the first enbodi nent, except that patterns of the
high refractive-index areas and the | ow refractjve-index areas are
di f f er entefr@ft iR el BfekheaFERSt RBodPHEAVCES t A& pFBARer WdYeware

Lleﬂ E?eant@ftisi&teed@l ad Rpord lls%gﬁe] 1kiskBowWE itﬁ\?_félﬁsi.al% haﬁ;eafe%aﬁh@f@:, i gy of

igh refractive-index areas aving a partjcle shape in e_pl anner
View [ OEPEERIE LR aPFt § DGR GHE FRRPSAOR @F rides BRESS 1B55 Hhsthehi gher
refracti ¢eriendewrithaohd ol 4 efrsackeiqueal ndex ar easvelicidmech tisetrhalsane as
the high_refractive-in a 1 escribed in t first. Laent .

Furt her, ¢ é—’mpﬁlu?'rzlal ?Fy E{e hrlﬂgﬁa?%g:lac r?v{éhlgng-&&?ir ggéfr Jiv\ggg?gg%ged to
bot h si degeafs edbh-of Ihe icorpoperbilenst ¢4 dwset desfawing clsuah as

[ 0179] PUBLARIHRIL; 0 ACSE Ok HhCopkutall { ¥aQbdulialy 4ol agbbueditlpx af eas 153
I s independent to each other and is _provided so as not tqQ be in directly
contact ®P€h §SBPLBEREUFET tTAMRIT4. tHP PRBLIRGr RELYRRD| JRYFT aPPve- i ndex

areas 15Znhar el PEoViadedebepured thiechi gh ¢edeaeti veohBsdexuarieas ¢hdmand the

core porLjons, 14, eepecti vel)., [O180L1L Js, nysglerred that the refractive

[0171] As described above, the description has been
made on the method of manufacturing the optical
waveguide 10 according to the monomerdiffusion method.
However, as described above, the other methods as
described above may be used as the method of
manufacturing the optical waveguide 10.

[0172] Among them, in the photbleaching method, for

example, used 1is the core layer forming material
containing a - cleaving agent (a substance) that is

activated by being irradiated with activated radiation,
and a polymer that includes a main chain and cleavable
groups (cleavable pendant groups) branching from the
main chain and having a chemical structure in which at
least a part of the chemical structure can be cleaved
and removed from the main chain under action of the
activated cleaving agent. After the core layer forming
material is applied onto the supporting substrate in a
layer manner, the cleavable groups are cleaved (cut) by
irradiating the activated radiation such as ultraviolet
ray to the part of the layer, thereby changing
(improving or 1lowering) the refractive index of the
part. ‘For example, if the refractive index 1is lowered
according to the cleavage of the cleavable 'groups,
ereas irradiated with activated radiation -become the
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such the high refractive-index areas 153 is higher than that of other areas
of each of the side clad portions 15, nanely the I ow refractive-index area
+152. A refractive index difference between the high refractive-index areas
153 and the low refractive-index area 152 is preferably 0.5% or nore, and
nore preferably 0.8%or nore. An upper limt value thereof may be not set
to a specific value, but is preferably about 5.5% By setting sufficiently
such a refractive index djifference between the high refractive-index areas
153 and tH | BREFECtdcis viEliede e zgan 152 @14 9%5%@ Breaso Perpas y

reflect tofealdyratpbheiodseriachal taer facas betwaer ieach ek hgrhiagh
refractive-i nde§ gr eas, 153 and ttrﬂe | ow iﬁf ractive-i ndex area 152. As a -
result, iths possEBi e* 88 CaT b FYStevint thetPF erlapé:SETSf ng3¥he hi gh
refracti vérd ndbadanenaseisS31fir andelag dakbdntded heol bottef sacfhves ndex

area 152 jhvgluntaril Xaiz%%l%lj Fg%tggg@ri?etdét%%gvgr.ef erred that the high

refractive-index areas iI'S not exposeé e rncom ng end surface 10a.
This makes it possible to suppress the light from propagating in the high

refracti vguizwlex aregs 193 sibReRd hRahlgght 1 hs nid gihro%]!i/%]{lgfﬁrgﬁﬂgl to the

hi gh refractive-index areas 153. Consequently, 1t i's possible’to i ably

“exhi bit PFERAhct i BRE ofFXBRRUS gh & ef }AXEFvelitnd&hear ¥ a53Pa%tdescr i bed
above. [@L3#iGy t hetahedl hanthing ither Bfigh edefhalc diffe hiigliex is
refractive-i.nde reas. 153 ar ngt al so _xpose_gfi the outgoing end surface
10b of tREFIPITLal ci/va% |8Za%0. Ia‘?”etrhe1ﬁ|’ghaf1 rgBF|t$ Hin g’)? afF84§ 153 are
exposed p@lttﬁearwt gdidng end suafaceedibt tHerlni s havicey tlat sheplei ght -
ne "ol ERI A anat Al |0 eNAE Y i LAY N {190 LRRSXPRRRE LAY 1T the

are formed on the 1layer by the photolithography

technology. Then, the resist film is used as a mask,

thereby etching the 1layer of core portion forming

material. By doing so, the core portions 14 and the

high refractive-index areas 152 are obtained.

Thereafter, a clad portion forming material having a

relatively low refractive index is applied onto them so

as to cover the core portions 14 and the high

refractive-index areas 152. Consequently, gaps between

the core portions 14 and the high refractive-index

areas 151 are filléd with the clad portion forming

material to obtain the low refractive index areas 151.

Furthermore, the clad portion. forming material is

applied onto them (the core portions 14, the high

refractive-index aréas 152 and the low refractive-index

areas 151) so as to cover them, so that the clad layer

12 is obtained.

[0174] <Second Embodiments _
Next, a description will be made on a second
embodiment of the optical waveguide according to the

present invention.

[0175] FIG. 11 is a plan view showing only a core
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‘areas$ 153 are not exposed to the outgoing end surface 10b, the high
refractive-index areas 153 can exhibit the inherent functions reliably, so
that it is possible to reliably inprove the S/INratio. [0183] As shown .in
FIG 11, it is preferred that the high refractive-index areas 153 are
provi ded so as to distribute over the whole in a longitudinal direction

t hereof between the incomng end surface 10a and the outgoing end surface

10b of the optical waveguide 10. By doing so, it is possible to reliably be
far not SRAVER HeLi AciIRAPTFH GHPLITHRERRe @hcbhenPRAHCEdr (e I82%€0 t he

side cl adcporidiony 26 bHe prexdie ihgbhtlieaked fromthe core portions 14
to the side clad _portigns 15 on the way to the optical wavegui de_l10 away
rom the coro BOFRLBACEEE 6084 ertREPhIFE et dth TadEPEr 1508 N Yo
case whepettikerle wavédeipgeursalddyddhgcore tors | ensod4d memd ,14dhowever

(mul tich el ; h I caf.r { veLind 53 are I as
descri begﬂgbo%%t,:i{:?&i 5”%%%@?%?% ?%Eis%pyregs(gétsEg%%(%dgeéf?%ht%%%gggi ng
recei vedpilecsiheen| iRgtnt ec dfifRy er@ndman t RAR tIRtIFaht Wacegving

el ement s ;6RRERANMEBIthe thier O emPOiins: 14 wHdadd cHigdesd i wehy. In
other words, it is possible to efficiently suppress the signal light from
bei ng | eRReMAAG ¥t BPR) SAFEMRRAMEY Schannel s. [0185]In the optica
wavegui de 10 according to such a present enbodi nent, when |ight |eaked from

the core rti.ons 14 to the. side clad portions 15 (laow refractiye.index
ar eas 15£§qpégches t%%ehiSﬁtféFgﬁctV$gg?Hdefaar%%%gfgéngh the mﬁglgf

pr opagat emypadianamici denthlei glamd ram theti moning &ndssurcmized iBanto t he

out goi ng r | i ght LS t Lpunifaor t La. _
mnsequeﬁ{iﬁi“’?ﬂ?h‘i@%‘?gﬁ?@Fs?é‘%d_ e A e AN T PEESR e ol ac
portionsand (they Aert atefvectides Breas Paspreadsisférrent dérPlnge

before thadddgldr rerehes rishe e%ﬁ&@irﬂ@n@n(irﬁlﬂﬁécllﬁléﬂﬁers@itéw.t the light is
attenuated. As a result, intensity of the noise light output fromthe side

clad .portions 15 is lowered in the outgoing end surface 10b and therefore
it is pogeilyi7d to i npaoue cfhes S4&l katad pesrthensarrs eshwawe.ir OE86). The

shape of gach, of Jt e, 1 gh, Lol raet hyey, 1 ndeX 2 8q% 183: havind ddie,particle
shape in"The p?ann r V|em1|¥'part|c FarTy not Timted: anpleés of "t he
shape i nbhvderg & rpantdishgpestsand a8 sher pdasinereviaw.el | i ptical shape and
an oval shape; a pol ygonal shape such as a triangle shape, a quadrangle
shape, hexagonal shape, an octagon sha%g and a_star shape;_a semcircul ar
shape; a [P3 @hape; ’Elﬁg pPRangLlity of high refractive-index areas

153 has a higher refractive index than low refractive-
index areas 152, which is the same as the high
refractive-index areas 151 .described in the first
embodiment. Further, the plurality of high refractive
index areas 153 1is arranged to both sides of each of

the core portions 14 so as to sandwich it.

[0179] Furthermore, each of the plurality of high
refractive-index areas 153 is independent to each other
and is provided so as not to be in directly contact
with the core portions 14. In other words, the 1low
refractive-index areas 152 are provided between the
high refractive index areas 153 and the core portions

- 14, respectively.

[0180] It is preferred that the refractive index of
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[0187] 1t is preferred that the high refractive- index areas 153 are forned
with irregularities on its outer surfaces as shown in FIG 11. In the high
refractive-index areas 153, portions which receive the |ight |eaked from
the core portions 14 have the irregularities, so that it is possible to
diffusely reflect the light reliably. [0188] An average size of each of the
hi gh refractive-index areas 153 in the planner viewis preferably in the
range of about 10 to 500 Am - and nore preferably in the range of about 20
to 300 i ERChBFIethial LR TR bgR- sndexof karh ﬁ@tﬁé kiigher than

refracti ¥gaitndex ak@as 1Bkt M thenakvethanggidéd t ciladpassiHlenko
suffici ent |y i nmprove odds ich the hl?h r ef ractl ve-i ndex ar eas 153 scatter

t he IlghiL T 0PEHS I hi EREgar@Var SR T vV RddR IS f 12&F ®AcelBétrween® he hi gh
refracti vefinadax e eas ihlE:and th€ flem/ertceé r acbiewsrdardlex amheas 1h2ghs

ool o ALK 9300 8 TG L % B CLER 0 B0 B (TR A0 pRREL |

val ue thereof—’lCtlv%e T a speC| i ¢ val ue, i's pr about
5.5% [Oage]aHerESZFl @S 12piref@ralely sh@wiSty apot herromnfl gudat i marexanpl e

of the sgeand oibodi Rl showgoid Fl Gn Idpper llmf@ oRhiGal ¢ Mayggyi de 10
shown in"FI'G 12 is the sane as that shown in FI'G 11, except that an

arrangenBAY R t BPE 0TS hEOpldur BPPEY I tFRIHPgh Bk r 4t |Rﬁéﬁ#%€%3?1é(r eas 153
is diffegestutl romehat pef $decofp l(:s;’vlifﬂ\ﬁ&ﬁébltd@' daseni bed-aboyer itra ot her

wor ds, al.thou uralit of the hi fractive-index . areas 153 shown
o E G e h d DRE R R s T tet s 5iG a9 of FRRE AR e - TR
refracti aeearsdeks air easl 138 shown neftF & itd- uadlemr eguéar I1352(ra:ntiour)s :

arrang_edgog%%]e ﬁ%hkélﬁr a?1§p|1ee£9 2UPRIGE # Rt SGALd £ r'{aﬁ the

pluralit re | ve- T dex areas rombeing Tn éred when
the |ighsugdssiar deetweent heasinde af adﬂp@rthmb 15eifgagiatTer edden t he

high refpaglisvers ndgnsareds i ﬂ@fllgéc]:t\!\ﬂbleeﬂn@%ﬁpéfég MRV eguigde of the
present result, it is possible to reliably prevent the ‘light
propagating the high refractive-index areas 153 from
being leaked to the low refractive-index area 152

involuntarily.

[0181] Furthermore, it is preferred that the high
refractive-index areas 153 1is not exposed to the
incoming end 'surface 10a. This makes it possible  to
suppress the 1light from propagating in the high
refractive-index areaé 153 since the 1light is ﬁot
directly incident to the high refractive-index areas
153. Consequently, it is possible to reliably exhibit
the functions of the high refractive-index areas 153 as

described above.

[0182] On the other hand, it is preferred that the
high refractive-index areas 153 are not also exposed in
the outgoing end surface 10b of the optical waveguide
10. If the high refractive-index areas 153 are exposed
to the-outgoing end surface 10b, there is a fear that
the light having relatively high intensity is outgoing

from the exposed parts. If the high refractive-index
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invention has been described herei nabove with reference to the enbodi nents
shown in the drawi ngs, the present invention is not |[imted thereto. The
configurations of the respective parts may be substituted by or added with
other arbitrary configurations having the equival ent functions.
[0192] Furt her,the optical wavegui de of the present invention may be

manuf actured by conbining the parts of the first enbodinent with the parts
of the second enbodinmentin the parts of respective  enbodi nments.

[ 0193] FuRER&Sole3 #%RunBeF GXRFeIpdt ibhe PRLEARLRE 6m&l $RWFERCEr nore,

t hough twopcor enporhi§As Adr AaerRiRVIGRTbL Naike £one 3l aygh lSxhiptike
respectlvg enb d|nents.'Eg}g%#furthitngﬁg, t he h%gh tefnactlve-LgSex ar eas
151 and EBS nPRESBF of M H9PT LI AR Way (TR 199And C12° (RBGERCLRe hi gh
refracti ve- inededalalr pasmprbvandt Hb3s ANerpitdwd .ded in.each of the side clad
portions 15 in the respective enbodi nents.

[0183] As shown in FIG. 11, it is preferred that

the high refractive-index areas 153 are provided so as

to distribute over the whole 1in a 1longitudinal

direction thereof between the incoming end surface 10a

and the outgoing end surface 10b of the optical

waveguide 10. By doiﬁg so, it is possible to reliably

be far not only the incident light from the incoming

end surface 10a to the side clad portions 15 but also

the light leaked from the core portions 14 to the side

clad portions 15 on the way to the optical waveguide 10

away from the core portions 14 .

[0184] - Furthermore, as shown_ in FIG. 11, in the
case where there is the plurality of core portions 14
and 14 (multichannel), if the high refractive-index
areas 153 are provided as described above, it 1is
possible to suppress the noise 1light £from being
received to other light receiving elements than the
light receiving elements corresponding to the core

-portions 14 and 14, respectively. In other words, it
is possible to efficiently suppress the signal 1light
from being leaked (crosstalk) from other channels.

[0185] In the optical waveguide 10 according to
such a present embodiment, when light leaked from the
core portions 14 to the side clad portions 15 (low
refractive index areas  152) reaches the high
refractive-index areas 153 on the way of propagating
the incident light from the incoming end surface 10a to
the outgoing end surface 10b, the light is scattered
ununiformly threin. Consequently, the 1light leaked
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[ 0195] The optical wavegui de of the present invention can find its
application in, e.g., optical wiring lines for optical comrunication.
[0196] Sim larly, an optical/electrical conbination substrate can be
produced by mounting the optical wiring |line provided with the opti cal
wavegui de of the present invention (that is, the optical wiring line of the
present invention) on a substrate together with a conventional electrical
wiring line. In such an optical/electrical conbination substrate the

opti cal / érem rikal COEHIRRY FSANSUD raPetHr thidPr edaft RINERPTBN)> opti cal

si gnal s tnansnrbied ddiesgh nidec ORteed WsRi)Ngspiaadet r@véereapameons of
the opti cal mavqgglde) re co verted to elfﬁtrlcal

a
phot o6l eCPREE FLRFS! & £ 58g &' GREgERTh e3f oS ages
transf er ned tOsbhetEeb.ECttrhlealljngt ndd i aetebmtopd i calasv @ ngekude ,can

transfer inryﬁq{ ng %H’J‘e'x%%r “_LO' 8{1‘3 mit %Pbﬂh%{tfpﬁ’&et B3 £

' convention Ctrical Wi ceord
optlcallaqmnrqmalléonbinh@weneéubstrahe pyuanﬂmgdend sugfaca BOP

'r“erCO”@%H'Qﬂeégfg%gait°&§“%6gglﬁﬁ%héﬁ AnTRd- A Bl /1@nda 18 Or age
device such as a RAM, it becones possible to enhance overall system

per f or naRce iR ?%r§&66ré§§"beneratlon of el ectromagnetic noises. [0197]In
this regard, it is thlnkable to mount the optlcaI/eIectrlcaI conbi nati on

substrate to Iectro vices for transferrj l a [9e.y of data at
a high sgé’é'tﬁ uch a 8e| e]ﬁ?ﬁ? phon&sc ar?&r n‘é{ggl ?\1&, pelf%’g E&Xr‘?‘put ers,
tel evi si amdset s aaanelabonﬁSSer\rm\sing'hethéecpaarrtiiczldfvis:leapeovnded twiet h t he

opt [ cal/ ghechid eal s s DLLAR [UbEL B eqlihey SheELEON! Grfla) s 0bd e

present rnvention) iI's superior in an internal 1nformation processing speed
and can déls \ﬁehameghnsérufdﬁ nmehcEOUBRAMIES: such as a true circle,

an elliptical shape and an oval shape; a polygonal
shape such as a triangle shape, a quadrangle shape,
hexagonal shape, an octagon shape and a star shape; a

semicircular shape; a fan shape; and the like.

[0187] It is preferred that the high refractive-
index areas 153 are formed'with_irregularities on its
outer surfaces as shown in FIG. 11. In the high
"refractive-index areas 153, portions which receive the
light 1leaked from the core portions 14 have the
irregularities, so that it 1is possible to diffusely
reflect the light reliably.

[0188] An average size of each of the high
refractive-index areas 153 in the planner view is
preferably in the range. of about 10 to 500 um,- and more
preferably in the range of about 20 to 300 um. By
setting the average size of each of the high
refractive-index areas 153 within the above range, it
is possible to sufficiently improve odds which the high

- refractive-index areas 153 scatter the light.

[0189] In this regard, a refractive index
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[0198] Hereinafter, a description will be made on concrete exanpl es of the
present invention. 1.Manufacture of Optical Wavegui de (Exanple 1)

First of all, prepared was a core |layer formng material containing a

nor bor nene- based pol yner having repeating units represented by the.
following formula (2). [0199] Fornmula (2) [0200] Next, the -core -l ayer
form ng material was applied onto a substrate to forma |iquid coating.
Next, the liquid coating was dried tq obtain a |ayer of the core_layer

for m ng RAEESEARCT ODEEIRSR , TPt PAATD| BE TrAy i1 1Rdaracd®as Lha | ayer
t hrough and@eskhbavidwg QRemnt4g6{ wendodex areas 152 is preferably

0.5% or more, and more preferably 0.8% or more. An
upper limit value thereof may be not set ‘to a specific

value, but is preferably about 5.5%.

[0190] Here, FIG. 12 is a 'view showing another
configuration example of the second embodiment shown in
FIG. 11.

An optical waveguide 10 shown in FIG. 12 is the
same as that shown in FIG. 11, except that an
arrangement pattern of the plurality of the high
refractive-index areas 153 is different from that of
thé optical waveguide described above. In other words,
although the plurality of the high refractive-index
areas 153 shown in FIG. 11 is aligned and arranged, a
plurality of the high refractivé—indei aieas¥153 shown .
in FIG. 12 1is irregularly (random) arranged. This
makes it possible to suppress the -light scattered in
the plurality of the high refractive-index areas 153
from being interfered when the 1light passing each of
the side clad portions 15 is scattered in the high

refractive-index areas 153.

[0191] While the optical waveguide of the present
invention has been described hereinabove with reference
.,to:;hq embodiments-shown'ingthewdrawings,uthe present
invéntibﬁ'is not limited theretb; The‘édnfiguratibhé'.
of the'respectiﬁe parts may be éubstituted by or added
with other arbitrary configuratioﬁs ~ having the

equivalent functions.

[0192] -Further, the optical waveguide of the
present invention may be manufactured by combining the
parts of the first embodiment_with_the parts of the

'second embodiment-_ in .the parts ~of respectivef“?
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corresponding to low refractive-index areas to be formed. Then, the |ayer

-~ was heated in an oven. As a result, regions of the layer in which the
ultraviolet ray was irradi ated became the | ow refractive-index areas
(refractive index: 1.54), regions of the layer in which the ultraviolet ray
was not irradi ated becanme core portions (refractive index: 1.55) and high
refractive-index areas (refractive index: 1.55). In this way, a core |ayer
was obtained. In this regard, it is to be noted that a shape of each of the
core porembeslimertHi gh refractive-index areas and the | ow refractive-index.
areas was the shape shown in FIG 2. An inclined angle to a perpendicul ar
line of an axis line_of the core portion_of each of the hi

refracti V81%dex ar eBYTEECINGHE i n 3F) BUMPSfs Of5, COFGZOE?Ng%PnSprééared
wasa nor hakxneane- based um#e/émbrhawm atheligactiwe todeX doweiondanat hat -of

t he polyner used f. e_coy a m n erlal Then re ared was a
cl 2" | ayBES OB RPN 4RA ofFal RGNS HE ng AHEE narbor-RonsBadltE BT ) nie

[ 0203] Negmpcichienerhiad. | ayer form ng naterial was applied onto two substrates
to obtain liquid coatings. Next, the liquid coatings were dried to obtain

cl ad Iayers [ 0204] Next, the clad | ayers were attached t.o both surfaces of
t he obt ail@&®4or e Ia@értb@rml’eﬁn Bheoptidnl rebvegtide - odes) aERafpl e 2)

An opti calsWayieguhde wwéyn%@zuf@céwsedl nd h@héar&d@nmsge% lﬂtaﬁdExarml e
1, except that the shape of each of the core portions

refract|9@urﬁﬁ&uﬁpe&?%wﬂlﬂﬂeHQ£E%%E+%EfFﬁgeﬁuﬁﬁe%?eaéimﬁﬁge959o t he

shape shawe ipr&irGded in. each of the side clad portions 15 in

the respective embodlments

[0195] The optical waveguide of the present
~invention can find its application in, e.g., optical

wiring lines for optical communication.

.[0196] Similarly, an optical/electrical combination
substrate 'can be produced by mounting the optical
wiring line provided with the optical waveguide of the
present invention (that is, the optical wiring line of
the present invention) on a substrate together with a
conventional electrical w1r1ng 11ne - In such an
optical/electrical combination substrate - (the’
-”optical/electrical combination substrate of the present
invention), optical signaIS- transmitted through the
optical wiring line (the.core'portions of the optical
waveguide) are converted to electrical signals - by a
photoeleotric conversion - device, and then the
electrical’ signals are transferred to the electrical
wiring 1line. The optical wiring line can transfer

information in a larger volume and at a higher speed

than a '~ conventional electrical wiring line.
Accordingly, if 'the optical/electrical combination -
substrate is'appliedzto, e.g., a bus interconnecting an

operation device such as a CPU or an LSI and a storage
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{0206]1n this regard, it is to be noted that an inclined angle to the
perpendicular line of the axis line of the core portion of each of the high
refractive-index areas 151' in FIG 9 was set to 45. An internal angle of
each of the high refractive-index areas 151' positioned to the side of the
core portion 14 was set to 100. [0207](Exanple 3) An .opti cal

wavegui de was nmanufactured in the sane manner as in the Exanple 1, except.
that the shape of each of the core portions, the high refractive-index
areas andeVHES ofFEf ragt PveRiMdex tar BESOMES sBOSEG R SRapRNBABGR in FI G

10. overall hb?st%ﬁrﬁerﬁﬁm aald o 6f Juipregh rRin@edtyeni ndex
areas 151" i was .S to 1:20. [0208] (Exanple 4) An opti cal
wavegui d8F \Nz‘fgerﬁat?ﬁﬁrﬁﬁgﬁfaé&q M3 HR€S8ame manner as in the Exanple 1, except

that the shape of each of the core portions, the high refractive-index-

areds and gy ow refgachiesidlexy ar 69s ARl LBILNG SHARE SO 10 FI G

11. I'n "t hi s regar erage si ze
refract i eptiisddy/ ateatrisali ePNGinat iwas SEbSﬂ'—@‘alieAntO[ @ﬂm:}%mampl e 5)

A”(HH'CaEwﬁééﬁutg%‘%?aﬂﬁ@%%%ﬂﬁ%eg'ﬂhf %%ﬂ%ﬁ@”@@’é@th“é@e Exanpl e
1, except .that the shape of each the core portions, the high :

refracti PéSindERe&ceas Saed t RE | R 1Ie At BRONSRIex FBRs W%’é?svo t he
Shape_Shpw&sdhéiGboMbuters, television sets and home servers.

- The electronic device provided with the
optical/electrical combination substrate (the
electronic device of the present invention) is superior
in an internal information processing speed and can

deliver high performance.

. EXAMPLES ,

-[0198]" Hereinafter,'a'deécription will be made‘on.
concrete examples of the present invention. '
1.  Manufacture of Optical Waveguide
(Example 1) -

First of all, prepared was a core layer forming
material contalnlng a norbornene based polymer having

repeating units represented by the following formula
(2).

[0199] _ Formula (2)
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In this regard, an average size of the high refractive-index areas 153 in
FIG 12 was set to 1 Am [0210] (Conparative Exanpl e) An optica
wavegui de was manufactured in the same nanner as in the Exanple 1, except
that the productions of the high refractive-index areas and the | ow
refractive-index areas were omtted and core portions and clad portions
provided to both sides thereof were fornmed in the core |layer as shown in

FIG 17. [0211]2. E aluat onResuIt oprt caI Wavegui de Wth regard to
t he opti cal mav--. de hed Exanpkes and the Conparative

Exampl es, |ight t hg ‘ end surface was neasured
accordlng to the 4 net h a; A\2. 1 Evaluation Light fromd ad
Portions

)

q

50
50

[0200] Next, the core layer forming material was
applied onto a substrate to form a 1liquid coating.
Next, the liquid coating was dried to obtain a layer of

‘the core layer forming material.

[0201] Next, ultraviolet ray was irradiated to the
layer through a mask having openings (windows)
corresponding to low refractive-index areas to be
formed. Then, the layer was heated in an oven. As a-
result, regions of the layer in which the ultraviolet
ray was irradiated became . the low refractive-index
' aréas (refractive indek: 1.54),'regions of the layer in

which the wultraviolet ray was not irradiated became

core portions (refractive index: 1.55) and high
refractive-index areas (refractive index: 1.55). In
this way, a core layer was obtained. In this regard,

it is to be noted that a shape of each of the core
portions, the high refractive-index areas and the low
refractive-index areas was . the shape shown in FIG. 2.
An inclined angle to a perpendicular 1line of an axis
line of the core portion of each of the high

refractive-index areas as shown in FIG. 2 was 45°.
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of Intensity of Qutgoing FIG ‘13 is a view to explain a nmethod of
nmeasuring intensity of outgoing light froma clad portion of an optical
wavegui de. [0213]In this nmethod, first, an incomng side |ight fiber 21
having a di aneter of 50 Amwas placed to an incom ng side of the optical
wavegui de 10 which is a neasuring object. The incomng side light fiber 21
was connected with the light emtting elenents (not showi ng) for the

incomng light to the oEti cal waveguide 10, and was placed on the same
surface 49282)j ght X¢%Cof t{ RESPRIGA ng “3ee | Rght tPFRSTrEEReMEESA ght

axi s of bBQéﬁn@’ Raktinen a4 wifthecopel cahdwavegde kharfruthikar nege, the
i ncom ng f’li e ljght fiber 2t'l' coul d be scanned noa%ed%.on t he sape.surface
as the cGPE IBYEY™EE AT £RE | MROMSTF £nd2¥6rt LR 16390 Hel dptical
wavegui deh&@, | prdpasredgames t e noviedg WMsdtdr waSosetinigp 2b0témian bot h
si des of [ 1N [ i L b [ r of the light axis of
t he corecégﬁ"ﬁlgiﬁl% g]?ét ﬂgrj&ﬂq{}%:%rﬁémgégéé e%%&é!?OZM] On the other hand,
an outgoing side light fiber 22 having a dianmeter-of 200 Am was pl aced to

an out goirggosijde of jbgroptigal MRygoui Leeil0.rJheiAYt gRhPErehde hght fiber
22 was connected with [ight receiving el'enments (not’ show ng) for receiving
the out g8PRG HSHHPFPomHheSBREFCAtSRMVEQUPRS AT AhEUHEs (H2k2e0ISo that a
| i ght axiex®f, t hReoul gquAd stdatliingld ficher §22emstpl aspedaen acpadi tion
separateg fromthe light axis of the core portion 14 of the optical

wavegui de®¥6t% 125 Am of the side of the side clad portion 15. [0215] Wen
light intensity is neasured, if the

[0204] Next, the clad layers were attached to both
surfaces of the obtained core layer to obtain an

optical waveguide.

- [0205] (Example 2)

An optical waveguide was manufactured in the same
manner as 1in the Example 1, except that the shape of
each of the core portions, the high refractive-index
areas and the low refractive-index areas was set to the

shape shown in FIG. 9.

[0206] In this regard, it is to be noted that an
inclined angle to the perpendicular line of the axis
line of the core portion of each of the high
refractive-index areas 151’ in FIG. 9 was set to 45°.
An internal angle of each of the highlfefractive—index
areas .151’ positioned to the side of the core portion
14 was set to 10°.

[0207] (Example 3)

An optical waveguide was manufactured in the same
manner as in the Example 1, except that the shape of
each of the bore portions, the high refractive-index
areas and the low refractive;index‘areas was set to the

shape shown in FIG. 10.
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i ncomng side light fiber 21 was noved while emtting the light, a part of
the light passing in the optical wavegui de 10 reached t he outgoi ng side
light fiber 22. At this tinme, by neasuring the intensity of the incom ng
-light to the outgoing side light fiber 22, evaluated was a rel ation between
the position of the incomng side light fiber 21 and the intensity of the
incomng light to the outgoing side light fiber 22.-

[ 0216] Anongt heeval uat i onresults, asa representative, the results of the

Exampl es 1 to 3RanBPife &&F5Hr%t i \RP EXAFBFE tner@tsitowP s n Bre B53Nn this
regard, rbkfiraidtdihe- taded thakaan absci'ssanaxFscaf tbe gaaphset Fte 15
shows th?_Bg)sition of the incomng side light fiber on the basis of the

| i ght axirs“of* the core portions of the optical wavegui de 10, a | ongitudi nal
axis thereof shows light intensity ratio (loss) on the basis of the

i ntensit fhatthe 1ig gatied fromthe core portion of the optical
wavegui déo?loiag]ht i nt @é?‘ﬁ‘éﬁ\%&& the light axis of the incom ng side |ight

fi ber and the Rhghptadal ovaveeuddyorag spgafibeeredpen ddre e8pdrded to

the corenpanldons 8f jthecapt igglmpayequi dekcddt21¥hAe SN sivhdd Go¥5,in the
optical wavegui de obtained in the Conparativé ,Exarrgl e, when the position of
the i ncoffifR§ sPle TRYhCF DePWLS I t hdhande I E65EE 0 ¥ 2B8¥m on t he |

- basis of atrkad igd ekeslol tief £0¢ eipertinde-ofatdesoptiscde tvaveguhede 10,
- the-light,intensity rati s great large. Therefore, in the optical
wavegui dghggteaisﬁféodxﬁlanthgnﬁ%Tati ve Exanple, it was found out that the
incom ng |ightIno Wach afegdiedsi der chagrpae i ongewastpragpagatodd sbeas to -
be al mos; Uhe AT, 381 B8 1605 POFLAGN: sh031] O  gs0Laer dandeoi g the
opti cal wéyegw e o téi ne&%ln eg‘%ﬁ o? tﬁe Exa'rrﬁ%'s lto ? a o? the |ight
intensitié®s were totally low. In other words, in the each of the optical
wavegui des obtained in the Exanples 1 to 3, since the incomng light to
each of the side clagg\gort'ons is greatly attenuated, it found out that
o]

suffici eAl28PN rati @MBYEaied. [0219] Furthernore, although not showi ng,
~when the resul Anobpithe-£Xawplreghives wagpased fddtuide Hesule okamke

4 TE  STBBREoFEd hat NEn P EPbSoduse CTRE T ohPor rHeT ) FEA ok Tar one
havi ng t bacparoEcltthshamerar pordnidonsy dhreangedh nrelfe aedaimp: eifdex
areas and the low refractive-index areas was set to the
shape shown in FIG. 12.
In this regard, an average size of the high

refractive-index areas 153 in FIG. 12 was set to 1 um.

[0210] (Comparative Example) _ .

An optical waveguide was manufactured in the same
manner as in the Example 1, except that the productions
of the high refractive-index areas and the low
refractive-index areas were omitted and core portions
and clad portions provided to both sides thereof were

formed in the core layer as shown in FIG. 17.

[0211] 2. Evaluation Results of Optical
Waveguide '

With regard to the optical waveguides obtained in
the Examples and the Comparative Examples, light

intensity in the outgoing _end"surfacé was measured
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f0220] 2. 2 Eval uati on of Crosstalk FIG 14 is a viewto explain a
nmet hod of evaluating crosstalk. [0221]1n this nethod, first, an incom ng
side light fiber 21 having a dianeter of 50 Amwas placed to an incom ng
side of the optical waveguide 10 which is a measuring object. The incom ng
side light fiber 21 was connected with the light emtting el enents (not _
showing) for the incomng light to the optical waveguide 10, and is placed
on so as to correspond to the |ight axis of the incomng side |ight fiber
21 and t R€qqufitnaxte she Hokbewiper medhod. of the optical wavegui de 10
[0222] On the other hand, an outgoing side |ight fiber 22 having a dianeter
of 62.5 Amwas, placed to an outgoing side of the qptical maveguide 10. The
out goi ng [} i ght FiBer B¥jHetdFhe@ed WRERTPEAEY |ight Pebardingy

el enent s L{irpit stwanng) aliorrgcdnsng the outgoing light fromthe optical

wavegui de 10. lJ ght. axi s _of the outgoing side light fiber_ 22 and the
light axis of ?ﬁgl'corle?poﬁi off 147 oF"t h&oopﬁ}f:%]ra@l\gveﬁui d&48°Ger €51 aced
on the samasswrirge. iRtetlsartwr e f t heubgogoigng Isiigiet | | fihomf i ber c22dcoul d be

scanned (mued), og¢t SHE face.as e core layer 13 along the outgoing
ce lg%ld$ftﬁﬁ tlé%#f G egi& |

end surf eo waveg e 10. In this regard, the noving
wdth is set to 250 Amin both sides of the outgoing side light fiber 22 in

center offoties] i ght axi st@fist hgweaHsgportiearls g&ifﬁhéﬁﬁiﬁ§| wayegui de
10. [022§EQ§¥'Efgek'%qtHégfﬁgféydhgdg%§¥"§%’5bfu%h%as piaced to
| ' ‘-én_incoming side of the optical waveguide 10‘which_is a
measuring object. The incoming side light fiber 21 was
connected with the light emitting elements (not
- showing) for the incoming 1light to the optical
-waveguide 10, and_was placed on the same surface as a
light axis of the incoming side light fiber 21 and a
light axis of the core portion 14 of the optical
waveguide 10. Furthermore, the incoming side 1light
fiber 21 could be scanned (moved) on the same surface
as.the core léyer 13 along the incoming end surface 10a
of the optical waveguide 10. In this fegard, the
moving width was set to 250 um in both sides of the
incoming side light fiber 21 in center of the light
axis of the core portion 14 of the optical waveguide
10.

[0214] On the other hand, an outgoing side 1light
fiber 22 having a diameter-of 200 um was placed to an
outgoing side of the optical waveguide 10. The
outgoing side light fiber 22 was connected with light
receiving elements (not showing) for 'reCeivingf the
outgoing light from the optical waveguide 10, and was
placed so that a light axis of the outgoing side light
fiber 22 was placed on a position separated from the
light axis of the éore portion 14 of the optical
waveguide 10 to 125 um of the side of the side clad
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outgoing side light fiber 22 is noved while emtting the light fromthe
incomng side light fiber 21, the light passing in the core portions 14
reached the outgoing side light fiber 22. At this time, by setting an
outside dianmeter of the outgoing side light fiber 22 |arger than that of
the core portion 14, it is possible to nmeasure the intensity of the |ight

| eaked fromthe core portions 14. Therefore, a degree of the crosstal k was
eval uated by evaluating a relation between the position of the outgoing
side |i gRCHGYBE £2-and the intensity of the incoming light to the outgoing
side light fiber 22. [0224] Anongt heeval uati onresults, asa representative,

t he resul t he les.2,.to 4 and the Conparative anpl.e were shown
in FIG 1[%)52]1% t hi s%gggrd,ilﬁp i s {00 B hoY ed* T hdRCRRUERSei s&% a%ﬁ"? of the
gr aph of iElcGmiltg shade theéghesiftilear oR21t heasutgoied) whdad i ghittiber on the
basi s. of e i axj s t o ri.on_of t.he opiical i_de, and a
| ongi tudittrll’lraél %(?EEI' héir e%gfts:hr(g%s gﬁgi 3%19}1%‘% gﬁgistly 3 a?%lo%%eo\é\%gggg%aﬁhe basi s
of the i megduildef 10hedaghed phepagatedifgomide tdgbtpdiiben @R .t he

optical yavequide (LigRt |nenshiyswhemd hechd ght n@xing iafy t hgsoutgai ng si de
light fiher corresponded to the Iight aXis of the caore portion). [0225]As
shown i n*ECEMERY n ¥ bpti alt Biay BYGIRE Rbt vy LA %dch fdPathe 2Bxanpl es 2
Ito 4, th%\ﬂai]gf%téc_ﬂlt ﬁmihta ireldeibat t]@@f.géehgetu@@a @iﬁﬂ@néoﬁﬁﬂlt tue becare
ow as conpared with .t optical, wavegyi de ined in tk arative
Exanpl e. “THE bk 8f Fhe Jsgékt ?étﬁﬁeclbrggspaorh%eﬁi%teo %%{éePﬁf-gﬁfsi?"@_B % he

| i ght propagatiety f I bghthéocdrtes poutgonsng Eheiefbiehti M idtener22wrds, in the
Exanples 2 to 4 as conpared with the Conparative Exanple, it was found out -

that the intensity of the |light propagated fromthe clad portions becane
| ow wit h [0@fdct to Amengnt eddiey oeveRaatign prop&gatted froast heacore

portions regrditdBever 0sHal kewns t'sel ot i ¥aky H:onps £8s HNRUSTR Akg
APPLI CABI lhle;ql'é 0226] An opti cal _wavegui de according to the present

i nvent i ofr _Rrataver FFAVPHE ¥6EE Ot BniNafd G ptaral FRytBi Sl ad

porti onsriegaWd chieadls aos ebpohbit@d behag pmovdsiedi behwesi s pai khef cl ad

portions. _Each of t pl I of clad portions conprises:.a |low

. refracti gg—%?%lde?f_argggbeiu%g i?’h'yoc"g)%-t %&er f)ﬁjtﬁ‘?eo%o?gppkf‘fei oh“RR&FEin a -
refracti wédendekglot thddwownethacthasisndéx tdreealighkowerid hah that of the
pluralit co r tions;_and | ural f hi f.racti ve-i ndex areas

separ at ego(fyreo.m ?E)er&gloér%gpprquéon t’?héf)oug(?é%%%a?(?whvrv%?(eggtlid\%-i \r% €x a?iea, :

wherei n aongFirtaedinali maeks ot e of usdiows dfghitghinepngdttiweratdex areas

i s higher(1tdan t ke r efHactjawe 4 ndex afhd heiﬂ@a\héﬁgac&vethedeﬁ hea. The

plurality of high refractive-jndex areas are provided in the clad portion
in.an al \éﬁr‘?é)c?gf%ﬁér §F9h atBBat 8% nBAKELOR of  the optical

waveguide (light intensity when the light axis of the
incoming side 1light fiber and the light axis of the
outgoing side 1light fiber corresponded to the core

portion of the optiéal waveguide) .

[0217] As shown 1in FIG. 15, in the optical
waveguide obtained in the Comparative Example, when the
position of the incoming side light fiber was in the
rangé of about 80 to 200 mm on the basis of the light
axis of the core portion of the optical wavegﬁide 10,
the light intensity ratio was great large.' Therefore,
in the optical waveguide obtained in the Comparative
Example, it was. found out that the incoming 1light to

each of the side clad portions was propagated so as to
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Therefore, the incomng light to the clad portions is prevented from
propagating to an outgoing end as it is, so that the light intensity is

| owered when the light is received by the light receiving elenments. This
makes it possible to inprove an S/INratio of the |ight propagating the
optical wavegui de, thereby prevénting crosstalk and the |like. As a result,
it is possible to provide the optical wavegui de which can perform opti cal

comuni cations for high quality. Furthernore, by providing such an optical
maveQU|dEewﬁkﬂP%%nt%@rﬁém%tQﬁa?RﬁlEQFec®ﬂﬁﬁﬁ%%tlons for the high
quality, |t IS p055|ble to provide an optical wiring line, an

optiCaI/ % trical c atlo subst e and an el ectroni c device _each
havi ng hla %ﬁgrforna %e ﬁbd% ?ﬁg%ffl'helﬁpﬁi | OREVERGT JPVEFHRLEHti ca
Wi ring | bbeaitrtesd opti cancbl exfl richal Exahpiats oh subsBratel Andft hehe

o oot 100 S5 55, AGSTEYN0 8 4 DERLIP Sgventh oB B AN TUEL
pluralityhef escd pefti dhe anétaqﬁhuwﬂawqgwﬁdesadObba@n@dB in whheh each

core por Ek@ﬂlpklf‘ééglpf&y' ded betueen e p%"coﬁ%ﬁr@ ad i Bt | 05S c MEr 8N each
of the pluralltﬁ S&cla portions conprising a l.ow refractive-index
t

area bei A§S 1© PQMR?F?h@néoﬂé;d@??FBHY\ﬂﬁﬁ%ﬁﬁaée@efHdbt??@n?ndex of

t he | ow paktr atidtveshfdex ianea 3 AN | paehot hars tdstia bhetihe plurality of core
portions; and a plurality of high refractive-index areas separated
fromthe core portion through the | ow refractive-index area, wherein a
‘refractiVde2iledex of Fhetpkumainedy af thiogiglr eholictshavingex wregasthe hi gher
t han t he nactd d tdhe, | gugr ef; X + 3£ wher ei n
t he plur ahgzuylacgf % hgrgﬁ(rgrtllé\)e%iﬁ x%ar sféalfge%g?gwtgledaﬁensltl%té 8If
portion i:hearﬁ}aamgh@d SvankBe greswnlta ofattiles eBxampder . 5 ZJaSTH@ebF)?ircal

wavegui denas A #edsi Rhe 3 Adpluharei gt h_Les kon gl kY el tHHh this
refractive-index areas are .constituted of he same kind of material as a

constitudfit RRE_FFS Giet Ré I u¥%FFt”‘3?tdfveco]r% r ATGRS D3VITie bPEi cal
wavegui dpaat iddlad neidapls alradi mandomber airiramgld f £ ebhe Esiamare the
refractive index of .the plurality of high refractive-index areas and the
refractive i-ndex of the low refractive-index area is 0.5%or nore. 4. The
~ optical W@2e@li de as2cRai medalnathianmcl, Ghesetalkhe plurality of high

refractive-i ndgE gareas, arggpravi ded.,n the 945?;9'199{1“ gn fRregshragking
| i ght. passing through the clad portion in a direction far
evaluating crosstalk.

[0221] In this method, first,' an incoming side
light fiber 21 having a diameter of 50 um was placed to
an incoming side of the optical waveguide 10 which is a
measuring object. The incoming side light fiber 21 was
connected with the 1light emitting elements (not
showing) for the incoming 1light to the optical
waveguide 10, and is placed on so as to correspond to
the light axis of the incoming side light fiber 21 and
the light axis of the core portion 14 of the optical

waveguide 10.

[0222] . On the other hand, an outgoing side 1ight”
fiber 22 having a diameter of 62.5 um was placed to an
outgoing side of the optical waveguide 10. The

outgoing side 1light fiber 22 was connected with the
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away.: fromthe core portion or for scattering the light in the clad portion
ununi formy. 5. The optical waveguide as clained in claim1, wherein each
of the plurality of high refractive-index areas is forned into a particle
shape. 6. The optical waveguide as clained in. claimb5, wherein each high
refractive-index area having the particle shape is formed with an
irregularities on its outer surface. 7. The optical wavegui de as cl ai ned
inclaimb5, wherein the high refractive-index areas each having the
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igh refractive-index areas is fornmed into a.strip. shape. . The, optica
wavegui dnilgi‘tcladf%doifn Qi Wégomgre?lrﬁ%aiﬁgw theP®F gk 2r &1hctPe- i ndex

areas hatiggtt haxsis i pHhapee hasosel opgirtudimali4axics | ivres ansit wbenLei n t he
hi gh refractive-inde reas_are vided in the clad portion ip a state

t hat thei”rggflegﬁlgll Udi )r§1La a%%gel i ngl‘:sL gret%ei nch netghﬁi t r%%pec%u¥€aca'ﬁ'axi al
line of Fhetdemmqoetiohesoutgoing aigle Héghued et ha2l emgitdidbeal axis
ine of gRahJdN ElAg]4e- ikbleXs anea ANk aoenpendicubal-d | ngyubich is
normal to the axial |ine of the core portion forns an acute ang.%. 10. The
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Core[x”ghggbing side Iight fiber 22 is moved while emitting
the light from the incoming side 1light fiber 21, the
light passing in the core‘.portions 14 reached the
dutgoing-side light fiber 22. At this time, by setting |
an outside diameter of the outgoing side light fiber 22
larger than that of the core portion 14, it is possible
to measure the intenéity of the light 1leaked from the
core pbrtions 14. Therefore, a degree of the crosstalk
was evaluated by evaluating a relation between the
position of the outgoing side light fiber 22 and the
intensity of the incoming light to the outgoing side
light fiber 22.

[0224] Among the evaluation results, as a
" representative, the results of the Examples 2 to 4 and
the Comparative Example were shown in FIG. 16. In this
regard, it is to be noted that an abscissa axié of the
graph of FIG. 16 shows the position of the -outgoing
" side light fiber on the basis of the light axis of the
core portion of the optical | waveguide, and a
longitudinal axis thereof shows a light intensity ratio

(loss) on the basis of the intensity of the 1light
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13. The optical waveguide as clained in claim8, wherein each of the high
refractive-index areas having the strip shape has a |ongitudinal axis |line,
and wherein the high refractive-index areas are provided in the clad
portion so that extended lines of their longitudinal axis |ines are
perpendicular to an axial line of the core portion. 14. The optical
wavegui de as clainmed in .claim:-13, wherein each of the high refractive-index
areas having the strip shape is formed so as to have an_el ongated rectangle
shape. PSOPRERERE| c&FOWav e de CRF | aPREGLOR cl @f m §hawhePRF ACRRAe

pluralityaglediiithe r efinatitd ventBA®N t3F eRBefachdavight hexskr ige shape are

arranged in the clad portion .in parallel with each other. .16._The opti cal
navequi d@UEIRRE et 99 i 1 L ARF eiGPTFESBRRAES  havebifdel R an

i ncom ngaerick uff felce Epem whididnght enters the core portion and an

out goi ng- end surface opposite to the incomng end surface, wherein
the plurality of high refractive-index areas are arranged so as not to
expose t dORIS )i nconmi Ag ersthawmf age anBIGhe ol goi rigr entihsur fepeical?7. The

optical WaRQH| dfe aspehain®el {7 chainds wher ehdardee p! ur ald ty, ofnli gh
refractive-index areas, i s manufactured by the same process as_that of the
pl uralityigftcordtRRsi bs. 1R18Ehehe POHETI Uav dePekcl @fmelihen claim
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part of thaecondylalethe Comparative Example, it was found out
that the intensity of the 1light propagated from the
clad portions became low with respect to the intensity
of the light propagated from the core portidns, so” that

the crosstalk was relatively lowered.

INDUSTRIAL APPLICABILITY

[0226] An optical wavegqguide according to the
present invention includes a plurality of core portions
and a plurality of clad portions in which each core
portion being provided between a pair of clad portions.
Each of the plurality of clad portions comprises: a low
'refractive-index area being in contact with the core
portion, wherein a refractive index of the low
refractive-index area 1is lower than that of the
plurality of core portions; and a plurality of high
refractive-index areas separated from the core portion
through the low refractive;index area/ wherein a
refractive index of the plurality of high refractive-
index areas is higher than the refractive index of the
low refractive-index area. The pluraiity of high
refractive-index areas are provided in the clad portion

in an aligned manner or in a scattered manner.
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20. The optical waveguide as clainmed in claim1l, wherein the plurality of
core portions and at least a part of the plurality of clad portions are
constituted of a norbornene-based pol ynmer as a nain conponent thereof. 21.
An optical wiring line provided with the optical waveguide defined in claim
1. 22. Anoptical/electrical conbinati onsubstrate, conprising: a substrate;
an electrical wiring |ine nmounted on the substrate; and t he opti cal
wiring line defined in claim2l and_ provided on the substrate. 23.

Anel ect r dHsEERR B pr &Sl edRFPRLEY opl gbEl /tP bl Rl adomsitiato® d§bstrate

defined ipreBlaite@2from propagating to an outgoing end as it is,
so that the 1light intensity is lowered when the 1light
is received by the 1light receiving elements. This
makes it possible to improve an S/N ratio of the light
propagating the optical waveguide, thereby preventing
crosstalk and the like. As a result, it is possible to
provide the optical waveguideiwhich can perform optical
communications - for high quality. Furthermore, by
providing such an optical waveguide which can perform
the optical communications for the high quality, it is
possible to provide an optical wiring 1line, an
optical/electrical combination substrate and an
electronic device each having high performance.
Accordingly,.the optical waveguide, the optical wiring
line, the optical/electrical combination substrate and
the electronic device according to the present

invention have industrial applicability.
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What is claimed is:

1. An optical waveguide including a plurality of
core portions and a plurality of clad portions in which
each core portion being provided between a pair of clad
portions, wherein each of the plurality of <clad
portions comprising:

a low refractive-index area being in contact with
the core portion, wherein a refractive index of the low
refractive-index area 1is lower than that of the
plurality of core portions; and

a plurality of high refractive-index areas
separated from the core portion through the 1low
refractive-index area, wherein a refractive index of
the plurality of high refractive-index areas is higher

than the refractive index of the low refractive-index

- area;

wherein the plurality of high refractive-index
areas are  provided in the clad portion in an aligned

manner or in a scattered manner.

2. The optical waveguide as claimed in claim 1,
wherein the plurality of high refractive-index areas
are constituted of the same kind of material as a

constituent material of the plurality of core portions.

3. The 6ptica1 wavéguide as claimed in claim .1,'
‘wherein a difference between the refractive index of
the plurality of high refractive-index areas and the
refractive 1index of the low refractive-index area is

0.5% or more.

4. The optical waveguide as claimed in claim 1,
wherein the plurality of high refractive-index areas
are provided in the clad portion for refracting 1light

"passing through the c¢lad portion in a direction far
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away. from the core portion or for scattering the light

in the clad portion ununiformly.

5. The optical " waveguide as c¢laimed in claim 1,
wherein each of the plurality of high refractive-index

areas is formed into a particle shape.

6. The optical waveguide as claimed in. claim 5,
wherein each high refractive-index area having the
particle shape is formed with an irregularities on its

outer surface.

7. The optical waveguide as claimed in claim 5,
wherein the high refractive-index areas each havihg thé
particle shape are ununiformly scattered in the clad
portion. '

8.  The optical waveguide as claimed in claim 1,
wherein each of the plurality of high refractlve index

areas 1is formed into a strip shape.

9. The optical waveguide ‘as claimed in claim 8,
wherein each of the high refractive-index areas having
the strip shape has .a - longitudinal axis 1line, and
wherein the high refractive-index areas are provided in
the clad portion in a state that their Ilongitudinal
axis lines are inclined with respect to an axial line
of the core portion so that an angle defined by the
longitudinal axis line of each high refractive-index
area and a perpendicular line which is normal tb the

axial line of the core portion forms an acute angle.

10. The optical waveguide as claimed in claim 9,
wherein the acute angle defined by the longitudinal
"axis line of each high refractive-index area having the

strip shape and the perpendicular line is in the range
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of 10 to 85°.

11. The optical waveguide as c¢laimed in claim 9,
wherein each of the refractive-index areas having the
strip shape 1is formed so as -to have an elongated

triangle shape.

12. The optical waveguide as claimed in c¢laim 11,
wherein each of the high refractive-index areas having
the elongated triangle shape is configuréd so that a
cross-sectional area of the elongated triangle shape
gradually increases as being far away from the core

portion.

13. The optical waveguide as c¢claimed in c¢laim 8,
wherein each of the high refractive-index areas having
the strip shape has a longitudinal axis 1line, and
wherein the high refractive-index areas are provided in
the clad portien so that extended '1ines of their
longitudinal axis lines are perpendicular to an axial

line of the core portion.

14. The optical waveguide as claimed in c¢laim 13,
wherein each of the high refractive-index areas having
the strip shape is formed so as to have an elongated

rectangle shape.

15. The optical waveguide as claimed in claim 8,
wherein the plurality of high refractive-index areas
each having the strip shape are arranged in the clad

portion in parallel with each other.

l6. The optical waveguide as c¢laimed in c¢laim 1,
wherein the optical waveguide has an incoming end
surface from which light enters the core portion and an

outgoing: end surface opposite to the incoming end
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surface,
wherein the plurality of high refractive-index
areas are arranged so as not to expose to the incoming

end surface and the outgoing end surface.

17. The optical waveguide as claimed in claim 1,
wherein the plurality of high refractive-index areas is
manufactured by the same process as that of the

plurality of core portions.

18. The optical waveguide as claimed .in claim 1,
wherein the optical waveguide is comprised of a
1aminated body in which a first layer, a second layer
and a third layer are laminated in this-order,

wherein a part of the second layer is constituted
from the plurality of <core portions, wherein a
remaining part of the second layer, the first layer and
the third layer are constituted from the plurality of

clad portions.

19. The optical waveguide as claimed in claim 18,
wherein the plurality of high refractive-index areas

are provided in the remaining part of the second layer.

20. The optical waveguide as claimed in claim 1,
wherein the plurality of core portions and at least a
part of the plurality of clad portions are constituted
of a norbornene-based polymer ‘as  a - main component

thereof.

21. An optical wiring 1ine.provided with the optical
waveguide defined in claim 1.

22. An optical/electrical combination substrate,

comprising:

a substrate;
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an electrical wiring line mounted on the
substrate; and '
the optical wiring line defined in claim 21 and

provided on the substrate.
23. An electronic device provided with the

optical/electrical combination substrate defined in
claim 22.
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